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I.  On  Ike  Composition  and  Explosion  of  Gim-Cotlon* 

By  Thomas  Ransome,  /wy.* 

OINCE  the  onnoimcement  by  Piol.  Otto  of  the  process  for 
preparing  gun-cutton,  many  experiments  have  been  tried 
both  with  reference  to  improvement  in  its  manufacture  and 
also  to  its  explosive  force,  bui  the  only  explanation  of  its 
conipoi>ition  has  been  derived  from  the  quantity  of  nitric  acid 
tekea  up  by  the  cotton.  The  following  experiments  wen 
made  to  ascertain  tbe  quantities  of  carbon  and  hydrogen  k 
adoally  contains. 

The  gan*ootton  that  I  have  analysed  was  prepared  with 
carded  cotton,  and  nitric  acid  of  specific  gravity  1*514  mixed 
with  half  its  bulk  of  sulphuric  acid)  in  the  profportion  of  an 
ounce  and  a  half  of  nitric  acid  to  each  1 00  grs.  cotton.  Thus 
prepared  it  was  quite  white,  and  llVe  fibre  appeared  imnltered; 
it  left  not  the  smallest  residue  upon  ignition^  and  was  quite  in- 
soluble in  a'ther. 

The  carbf)n  and  hydrogen  were  estimated,  as  is  nsual  in 
substances  containing  nitrogen,  the  cotton  being  niixeii  with 
oxide  of  copper,  and  the  last  few  inches  of  the  combustion- 
tnbe  filled  with  metallic  copper.  It  decomposed  qotte  tran- 
qnilly,  not  giving  ont  more  oas  at  once  tnan  could  conve- 
niently pam  throogh  the  potan  apparatns. 

In  the  first  analysis  grs.  gave  9*955  grs.  of  carfaoniG 
ncid  and  *665  gr.  of  water.  In  the  second  9*075  grs.  gave 
9'01  grs.  of  carbonic  acid  and  *58  gr.  of  water* 

Otfenlatfd  to  100  parts — 

r.  IL 

Carbon  20*16  96*4.1 

llydiogtn   3-14  3' 19 

*  Rend  to  the  T  iterary  and  Philosophical  Society  of  Maiichefter,  Dec.  \$ 
1846,  and  commuiucated  by  the  Author. 
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The  mean  of  three  expn  imcnts  to  ascertain  the  increase  in 
weight  in  converting  cotton-wool  into  gun-cotton  was  Gt'l 
upon  each  100  parts  of  cotton  :  if  this  increase  was  anh)  cirovis 
nitric  acid,  the  gun-cotton  would  contain  iU  20  per  cent,  ui 

Compofitioii  id  100  parts^  taking  ihe  meftn  of  the  analyses 
of  carbon  and  hjdrogen, — 

Carbon  «   26*28 

Hydrogen    3*16 

Oxygen   •••••••  60*36 

Nitrogen  ••••••••••••  10*20 

100-00 

The>e  nuiiibci  s  nearly  represent  the  formula  C|gH^Q^Ng| 
vhicii  would  contain  in  100  parts- 
Carbon   26-82 

Hydrogen   2*94- 

Oxygen    59-70 

Nitrogen   10*54 

Too-"ol) 

The  cotton  used  was  also  analysed,  being  burnt  with  cUro- 
Oiate  ot  lead  instead  of  oxide  of  copper. 

1*435  gr.  gave  2*325  grs.  of  carbonic  acid  and  'i^l  gn  of 
water. 

In  100  parts — 

Carbon  44*20 

Hydrogen  7*04 
Oxygen  48*76 

100-00 

Theoretical  composition  of  C,2  H,o  0,0 — 

Carbon  

Hydrogen   .........  6*17 

Oxygen    49*89 

100-00 

From  these  fornrnlce,  it  fi[ijH  ars  that  gun-cotton  is  formed 
from  ordinary  cotton  by  the  absuacuou  of  two  uioius  of  hy« 
droeen  and  the  addiUoo  of  two  atoms  of  nitric  acid.  If  this- 
ta  tne  case^  100  puts  of  eotKm  ought  to  iocraMe  to  165*4 ;  by 
experiment  they  increase  to  164*1.  The  abstraction  of  two 
Atoms  of  hydrogen  will  make  the  nitrogen  '18  per  cent  more» 
which  brings  it  nearer  to  the  theoretical  composition. 

If  this  IbrmuUi  be  oomct,  the  cotton  in  exploding  without 
the  presence  of  oxygen  would  be  converted  entirely  into  car* 
bonic  oaudcy  water  and  nitrcgen,  thnst** 
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^12         ^20  ^2  —  ^12  ^20  ^2 

To  ascertain  whether  carbonic  oxide  was  produced,  and  if 
the  cotton  would  explode  without  air,  the  following  experiment 
was  tried,  the  object  beinjif  to  explode  the  cotton  either  in 
vacuo,  or  in  sonic  indiirereiit  gas  which  could  afterwards 
easily  be  removed.  I  selected  carbonic  acid  as  being  easily 
obtained  and  readily  removed  by  a  caustic  alkali,  and  also  be^ 
cause  the  air  was  more  completely  exdoded  than  in  the  partial 
▼acuum  of  an  air-pump. 

The  gas  was  generated  in  a  Wodfi^s  bottle,  and  dried  by 
passing  through  a  tube  filled  with  chloride  of  calcium ;  it  was 
then  conducted  into  a  rather  wide  tube  in  which  the  cotton 
was  placed  (about  the  tenth  of  a  grain  for  each  explosion) ;  to 
this  a  small  bent  tube  was  attached,  the  end  ot  which  was 
under  the  water  of  the  pneumatic  trough.  The  carbonic  acid 
was  allowed  to  escape  until  a  small  quantity  collected  in  a 
test-tube  was  entirely  absorbed  by  caustic  soda;  the  cotton 
was  then  exploded  by  placing  a  s|>ii  it-lamp  under  the  part  of 
the  tube  containing  it,  at  the  same  time  the  gas  ^iven  out  at  the 
small  tube  was  collected  in  an  inverted  jar :  this  was  repeated 
several  times  until  a  sufficient  quantity  of  gas  was  obtained  i 
the  carbonic  acid  was  then  absorbed  by  caustic  soda. 

The  residual  oas  was  inflammable,  and  when  mixed  with 
oxygen  and  es|uoded  by  an  electric  shock  was  partially  ab- 
sorbed by  caustic  potash. 

Red  vapours  were  not  formed  when  the  gas  was  mixed  with 
oxygcoj  showing  that  nitric  oxkle  had  not  been  formed. 

After  Uie  explosion  not  the  slightest  residue  was  left  in  the 
tube. 

This  experiment  proves  that  gun-cotton  will  explode  with- 
out the  presence  of  oxygen,  aiid  aUo  under  the  same  circum- 
stances that  carbonic  ojude  is  formed,  but  no  nitric  oxide. 

Msaehsiter*  Nov.  89»  1848. 

Since  the  above  paper  wasread^  I  have  estimated  the  nitro- 

*  Me^rs.  Porrett  and  Tcscheniacher  have  proved,  in  a  paper  read  to  the 
Chemical  Society,  that  cyanogen  is  a  product  of  tiie  exmoinoii  of  gon* 
cotton.  As  this  is  the  case,  the  gases  actually  produced  wttlaot be  exacdy 
Wi  <?r-cribcd  in  the  above  diagram.  It  is  po5<iible  thnt  the  gases  would  bo 
produced  in  the  proportioo  indicated  above,  it  the  gun-cotton  exploded  at 
a  temperaturo  lower  than  that  requbiite  to  canie  the  combiiistioa  of  the 
nkrogett  witb  the  carboa^BD. 
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gen  from  the  ratio  between  the  volumes  of  carbonic  acid  and 
nitrogen  formed  by  combustion  with  oxide  of  copper.  In  one 
experiment  the  volume  of  carbonic  acid  was  2*43  cubic  inches, 

to  nitrogen  '46  cubic  in.  or  as  6  to  1  ;  therefore  taking  the 
carbon  as  the  mean  of  tlie  two  former  analyses,  or  ^?6*28,  the 
nitrogen  wouM  amount  to  )0-S3  percent.  I  also  endeavoured 
to  ascertain  the  amount  ot  iiiti  ogen  by  measuring  the  vohime 
of  gas  given  out  In'  a  kiiowu  weiglit  of  gun-cotlun,  and  sub- 
tracting the  carbonic  acid  as  calculated  from  the  previouii 
estimation  of  carbon ;  but  the  Quantity  of  nitrogen  obtained 
was  always  too  smaU»  owing  to  tne  air  in  die  tube  taking  part 
in  the  combustion^  the  largest  amount  obtained  being  8' 20 
per  cent. 
Maacbetterj  Dee*  184flL 


IL  On  the  Meteor  o/Sepfemher  25,  1846. 
%  Sir  J*      Lubbock,  Bari.f  F,B,&* 
To  ike  EdUon  qfthe  PMosopkkal  Magazine  ami  JmtmaL 
Gentlemen, 

A  S  I  happened  accidenially  to  witness  the  extraordinary 
phienomenon  which  occurred  on  the  25th  of  September 
lastt,  and  as  it  does  not  seem  to  have  formed  the  subject  of 
any  other  communication  to  your  Journal,  I  address  the  fol- 
lowing remarks^  weii-aware  how  imperfect  unfortunately  they 
must  appear. 

I  happened  to  be  walking  just  outside  the  house  at  a  quarter 
before  10  p.m.,  when  suddenly  tlie  wliole  scene  was  ilhiminated 
with  a  light,  as  it  seemed  to  me,  equal  to  lluit  uf  the  sun  at 
noonday :  certainly  all  objects  became  much  more  clearly 
irisible  than  I  ever  saw  them  in  the  brightest  moonlight  But 
contrast  might  lead  to  an  exaggeration  in  this  estimate.  Aa 
the  light  proceeded  from  behind  me,  I  immediately  turned 
ronnc^and  I  saw  in  Ursa  Minor,  arid,  as  nearly  as  I  can 
guess,  occupying  the  place  I  have  assigned  to  it  in  the  inclosed 
sketch,  a  most  Drilliant  meteor.  I  scarcely  saw  it  before  it 
faded,  and  in  a  few  seconds  it  had  entirely  disappeared.  As 
it  disappeared  the  stars  became  airain  visililc,  and  as  I  took 
particular  note  of  its  position  I  can  not  he  far  out  in  my  esti- 
mate. But  tlu_  occurrence  came  so  sudtienly,  never  having 
before  heard  nl  any  such  apparition,  and  feeling  confident  that 
it  would  be  observeil  by  persons  more  coiijpetent  than  myself, 
that  I  neglected  at  the  instant  to  observe  by  my  watch  the  num- 
ber of  seconds  it  remained  visible.  Instrumental  observatkn 
under  any  circumstances  would  have  been  impossible.  I  do  not 

*  CoDimunicatctl  by  the  Autlior.     f  See  the  Morning  Post  oi  the  ^^Ctb. 
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apprehend  tlint  it  reallt/  occupied  80  ]ar|fB  a  portioii  of  tbe 
heavens  as  I  have  assigned  to  it;  I  think  it  probable  tkat  the 


extreme  rapidity  of  its  motion  left  the  impression  upon  the 
retina^  but  this  can  only  be  a  matter  of  conjecture.  It  is  much 
to  be  wished  that  anj  observation  could  be  recorded  of  its 
position  ns  seen  from  any  other  place,  by  which  its  parailaXy 
if  even  roughly,  could  be  obtained. 

This  body  acquires  still  greater  interest  from  its  resem- 
blance in  external  character  to  the  bolide  of  the  21st  March 
1846,  whose  orbit  has  been  calculated  by  M.  Petit f,  who 
asi>igii3  to  It  a  period  (round  the  caitii;  ut  'll  tJGSj  day,  or 
about  two  hours. 

Anotbei*  bolide  was  seen  in  France  on  the  9th  of  October 
of  this  Year  |,  of  which  the  external  characters  also  resemble 
those  of  the  meteor  seen  in  London  on  the  25th  of  September 
1946; 

I  am.  Gentlemen, 

Your  most  obedient  Servant, 

tiigb  E\mn,  near  Farnborough,  Kent,  J*  W.  LuBBOCX. 

Norember  25, 1846. 

P.S.  Long  since  what  precedes  was  written,  the  number 
of  the  Comptet  Bmdm  of  the  S8rd  November  last  has  been 


t  8es  CmfpUiMmtimt  Oetober  1%  1B40. 


X  Ibid,  October  £6, 1846. 
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received)  and  in  It  are  accounts  of  two  other  meteors  observed 
at  Dijon  on  the  17th  of  October  and  on  the  9th  of  Novera- 
bor.  M.  Meline  describes  the  latter  in  words  which  would 
almost  exactly  represent  the  phacnomenon  which  I  have  at- 
tempted, so  imperfectly  however,  to  place  on  record. 

*' Je  sortnis  des  serres  du  jardin,  quand  j'ai  ete  frappc  tout  a 
coup  d'une  lumiere  aussi  intense  que  celle  du  jour;  j'aperyus 
distinctement  toutes  les  parlies  du  jaidin,  les  arbustes  comme 
les  arbres,  les  plaiiles,  elc.  Je  vis  tout  avec  une  teiute  jaunc 
serin,  D'abord  je  crus  a  un  incendie ;  mais,  en  jetant  les 
yeux  an  deV  Vai  vu  uu  globe  de  lea  te  monvatit  plas  lente- 
ment  qu'ane  nis^>  de  I'onest  d  Vest,  horizootalementy  &  60  ou 
70  dcgres  de  hauteur*  Le  in^^re  a  laiss^  sur  toute  la  lon- 
gueur de  la  route  qu'il  a  8uivie»  nne  imniense  tndn^  d'un  blanc 
oouleur  de  cendre*'' 


IIL  Bemarki  on  the  Rev*  B.  Bronwin^s  Method  for  Differ^ 
entiai  EquaUom.       Gsobgs  Boole*  JEeq, 

To  ike  Editors  of  the  PhUosqphlcal  Magazine  and  Journal, 
Gentlemen, 

1  DESIRE  very  briefly  to  notice  an  error  into  wliit  li  the 
Rev.  B.  lironwin  has  iiillen,  iii  a  paper  on  ilie  Inlegi  atioa 
and  Tr^sformation  of  certain  Difierential  Equations,  pub- 
lished in  the  hist  Number  of  the  Philosophieal  Magazine. 

In  doin^  this  I  shall  adopt  a  notation  which  I  have  before 
employed  m  a  similar  description  of  analysis,  and  which  has 
the  advanta^  of  brevity  and  simplicity.  Changing  ibr  con- 
venience /;  into  at  and  into  we  may  observe  that  Mr. 
Bronwin's  transformations  depend  in  all  cases  on  the  proper- 
ties of  two  compound  factors,  vrhich  we  shall  designate  by  ir„ 
and  Pi  and  which,  upon  whatever  subject  they  may  operate 
combine  in  subjection  to  the  relation 

the  equation  to  be  solved  being 

v«  »  s  0  (2.) 

Thus,  in  Mr.  Bronwin's  first  equation,  D  standing  for 

»i,«#(D*+it«)+S»D,  /)=:D«+A«j   .  .   .  (S.) 
in  the  second, 

I^+**D— Wit,  />8sD+A«$  •  •  •  .  (4.) 

in  the  third, 

iri»=raf(iy+A^)  +  3«D,  .   .   •  (5.) 

and  so  on  for  the  rest. 
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ant 


V  (I* 


-"0. 


Wore  ^*(^*^U^'''*^}--m,_^ 

'  :  1  ing  into  any  special  examination  of  the  above 
merely  resting  on  the  analogy  of  many  similar 
nr  once  assert  that,  when  w  is  greater  than  0, 
''Li  L^lil  lo  retain  two  of  the  constants  which  arise  from  the 
t)i  Kiance  of  the  mvLise  operation  (D*4-X:^)''**0,  and  that 
I  lot  necessary  that      slioulti  retain  more  than  two.  Thus 
»ne  lurm  of  solution  is  unquestionably 

ixid  there  ai%  I  believe^  many  e(|olvaleot  fimna.   Tbe  Datura 
'of  Mr.  Bronwin's  error  consists  lo  bis  virtually  rejecting  the 
factors  x"^  and  eos  it <^  sin  ^  j?,  and  bti  remit  is  accordinffly 
Jt  nugatory  whenever  m>0.    Similar  remarks  apply  to  Uie 
otlier  equations  in  his  paper,  of  which  however  IhavoOOljT 
examined  a  small  number  in  detail. 

Perhaps,  in  connexion  with  this  subject,  it  may  not  be  quite 
ivrc[(;vBni  to  mention,  that  about  two  year-,  >iiice  i  obtained 
Uiu  buluUou  of  the  purely  symbolical  equation 


is 
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IB  wbicby  beside  the  law  of  eombinacioiit 

the  further  coiidiiion  was  imposed^ 

This  solution,  which  will  appear  in  the  Cambridge  and  Dul> 
lin  Mathematical  Journal  for  Janiinr}'  184-7,  involves  the  so- 
lution of  a  class  of  ditterential  equaiioiis  of  which  that  of  La- 
place's functions  is  only  a  very  particular  case.  Such  methods, 
limited  in  their  individual  application,  and  apparently  indefi- 
nite in  their  number,  seem  however  to  be  chiefly  valuable  as 
exercises  in  sy uibolical  algebra.  Linear  differential  equii- 
tionib  end  linear  eaiiations  in  fioite  differences,  may,  as  I  have 
ebewhere  ahowD,  be  redoeed  to  die  general  forai 

in  which  it  and  p  satisfy  the  reflations  ffir)pu=pj\7r  \  1  ;;^and 
y(7r)p"' =:y ( :  and  .'ulciiLionnl  experience  confirm^  niy  be- 
lief, that  tlie  iueihods  wliicli  are  founded  on  the  euiploynient 
of  this  form  are  su&ient  for  every  case.  Mr.  Bronwin^i 
equations,  when  thui  treated,  are  at  onoe  seen  to  be  inle- 
gmble. 

It  is  but  ji!5tifi^  to  add>  that  Mr*  Bronwin's  method  displajs 
considerable  liigenniijr* 

I  remain,  Gentlemen, 

Yoor  obedient  Servant, 
lincolii^  D«c*  4, 1846.  Qaoaas  Boous* 


IV.  Observations  on  the  Rev.  B.  Bronwiu's  Paper 
tegraiian  and  JVan^bwatum  €f  eeriain  Differential 
tiont,   Btf  CHaRi.E8  Jambs  HaroriatB)  RRS, 

To  the  Editors  of  the  PhUotophkal  Magazine  and  Journal 

Gentlemen, 

1TAKE  the  liberty  of  drawing  your  attcnil m  to  an  erroi 
which  appears  to  exist  in  the  paper  cuiuained  in  yon>^ 
December  Number  on  the  Integration  and  Transformation  o/ 
certain  Diiierentiai  iujuations. 

I  confine  my  observalions  In  the  first  place  to  the  first  of' 
the  equations  disenesed  by  the  author ;  but  it  will  be  seen  '> 
that  the  same  or  similar  remarks  are  applicable  to  the  othor  y 
eqiMitions.  ^ 
The  solutioa  of  the  eqoatioii 
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ia  given  as  being        y =(D* + ky  «, 

where  (D«+*^«=a, 

a  fesnlt  which  ie  evidently  identical  with^ssO,  which  b  In- 
deed a  aolntion  of  (1  .)>  bnt  not  the  solation  <yf  which  the  author 
Is  in  quest. 
The  error  consists  in  inferring  the  equation 

D»  jr«H-  (2i)-4)D»+i(*«ttsO 

from 

The  deduced  equation  ought  to  have  been 

D^tit  +  (2 —  !•) D u  +  k'^ xu={D--^ k^)- >0 = a  sin  kx  +  icosX  a-, 
which  will  lead  to  Uie  re;sult 

more  conveniently  written 

In  solving  differential  equations  by  successive  operations  of 
this  nature,  a  difficulty  frequently  occurs  with  reference  to  the 
introduction  of  constants.  Thus  every  operation  denoted  by 
(D*  +  it*)"'  introduces  two  constants  ;  and  in  many  cases  all 
the  constants  tlius  introduced  except  two,  which  are  ai  l)itrary, 
must  be  determined  in  terms  of  these  tw  o  arbitrary  constants 
by  reference  to  the  original  difierentiai  eciuuuon. 

This  difficulty  does  not  occur  in  the  above  equation  (2.), 
whidi  may  be  written  in  the  simpler  form^ 

j/= (D«+*^''-'      (asini^jr  -|-  ^oos*x)  j^. 

If  1,  ^=  i  (a  bin      +  ^  cos 

2  2k 
If     /)3s8>         (<'ainii:4r+^coB^jr)  +  {bsinkx—acoskx)^ 

See.  Sec, 
It  will  be  found)  in  like  maimer,  that  the  solution  of  the 
second  of  the  equations  given  by  Mr.  13ronwin,  viz. 

is  y=  (D+*jr)'  {D->(D+l»)-0i+»O}, 


Digitizeci  by  Googlc 
-1  


10  Mr.  NkholaoQ  (m  the 

sobject  to  the  difficaUj  above  adverted  to  as  to  the 
nation  of  the  constants  introduced  by  the  operations. 
Similarly)  the  solution  of  tbe  third  example^ 

which  will  be  Ibtmd  to  be 

m  and  /3  beinp:  tlic  inm^lnarv  cube  roots  of  —1. 
Tbe  soluuuii  oi  tiie  luurth  equation,  viz. 

will  be  found  to  be 

where  a  and  /3  are  the  roots  of  /^  +  2m/  +  2;n^=0. 

A  similnr  correction  may  be  applied  without  (llfficully  to 
the  other  equations  discussed  by  the  author  of  tbe  paper  in 
quebUou. 

1  aniy  Gentlemen, 

Your  obedient  Servant, 
6d  Chancery  Lane,  Dec.  3,  1S40.      Cmarles  JamEB  Harg REAVE. 


V.  On  the  ('o}f/jjo/fnd.f  of  Phosphoric  Acid  with  Aniline. 
By  Edwahu  Chambeus  Nicholson,  Exq.^ 

F  the  inorganic  acids  there  is  none  so  rLinai  kable  lor  the 
^  '  number  and  vaxiety  of  the  compouiul->  it  Innns  with  bases 
as  phosphoric  acid.  Tlic  peculiar  and  cumplex  reactions  of 
the  salts  of  tikis  acid  were  first  satisfactorily  explained  by  Prof. 
Graham^  in  his  well-known  paper  published  in  1833 1*  The 

*  Coamraaicatsd  bf  Che  Ghsnittl  Soeistyi  hsiiag  Imsb  read  liar  IS^ 

1846. 

t  PbiL  Trans,  of  Kojai  Society  of  London,  part  2.  1833.  Researches  <m 
the  Aneniatca,  Pho«pliaC«  and  ModifioiltoBt  «f  Photphoiie  Acid,  by  Tboi. 
Graliam,  Esq.,  M.A.,  F.B.S.E.,  FkofesMr  of  Chtmitti^  ia  tha  Aiidtnoiiiaa 
UaiTenity  m  Glasgow. 


Digitized  by  Google 


(km^unds  (^Fho»pharic  Add  wUh  Aniiine,  11 

modifications  of  phosphoric  acid  by  its  amoimt  of  water  of 
hydntioDi  giving  rise  to  pyrophosphorio  and  metaphosphorio 
madt  beautlftilly  esqikuiied  all  that  was  enigmatioal  in  toe  ob- 

BCr\'ed  reactions. 

Prof.  Graham^s  excellent  experiments  have  added  a  great 
deal  to  our  knowledge  of  phosphoric  acid;  the  ptady,  how- 
ever, of  this  acid  and  its  saltR  is  hy  no  meuiiis  exhausted.  I 
consequently  hope  that  any  contribution  to  the  subject  will 
be  accepted. 

The  raUowing  experiments,  which  were  inititated  in  the 
laboratoiy  of  tine  Royal  College  of  Chemistry,  relate  to  the 
combination  of  f^osphoric  add  with  a  large  and  interesting 

group  of  bodies,  viz.  the  organic  alkaloids.  It  is  curious  that 
this  class  of  salts  has  not  been  hitherto  examined  |  indeed  the 

composition  of  scarcely  any  phosphate  of  an  org^c  base  has 
been  satisfactorily  ascertained. 

It  was  a  very  intorestint:  (jwr-tioii,  v,  licther  the^e  bases, 
which  with  monoljasic  acids  comport  themselves  exactly  the 
same  as  mineral  oxides,  were  capable  of  c  ombining  with  poly- 
basic  acids  in  the  same  remaikable  pruuuiiious.  In  the 
aboeneo  of  experiments,  the  only  points  which  were  known  iram 
wlwnoe  we  might,  by  way  of  analogy,  have  inteed  any  simU 
larity  in  these  compouids  with  the  morf^anic  phosphates,  an 
the  salts  of  ammoma  with  phosphoric  acid;  ammonia  being  as 
it  were  tiie  type  of  all  the  organic  bases.  A  phosphate  of 
ammoma  indeed  is  known,  containing  two  equivalents  of  the 
volatile  alkali ;  but  it  still  remained  to  he  decided  wliether 
any  true  organic  alknltiid  unites  in  the  proportions  of  two  or 
more  equivalents  with  one  equivalent  of  phosphori<'  :it  id. 

The  only  analysis  of  a  phosphate  wnth  an  organic  alkali  is 
published  by  Regnault*.  This  chemist  determined  the  carbon 
and  hTdrogen  in  phosphate  of  strychnine.  Resnault  con- 
sidered tiie  salt  which  he  analysed  as  a  oompomia  of  1  eqmv* 
of  phosphoric  acid,  1  equiv.  of  strychnine  and  water, 

HO,C\,H,3N,04, 

However,  Rcgnault's  formula  of  strychnine  has  been  corrected 
by  Professor  Liebigt,  who  showed  that  this  base  contains 
one  e(][uivaient  of  carbon  more,  L  e. 

it  is  therefore  e^ent  that  the  ooropositioii  of  Regnatdt's  phoa- 
phate  is  to  be  expressed  by  the  formula 

HO,  C44         O4,  2  HO,  PO4, 
•  Ltdng't  ^MM^  vol.  uvL  p.  37.        f  Ibid.  voL  uvi.  p* 


Digitized  by  Googl 


12  Mr.  Nicholsou  on  Ike 

ft!  Professor  Liebig*  already  remarkiy  and,  as  may  be 

from  the  following  comparison  of  the  per-centages  correapoiML* 
ing  to  this  formula  with  his  analytical  results,  whicJi  I  have 
calculated  with  the  new  atomic  weights  of  carhon  i-^ 

44  eqa.  Carbon                     S90(H)0  59^  59*85 

26  •»  H^drogeD  •   .    •    •   •   325-00  5*83  5*85 

9       Nitrogen  »   *   •   •   .   354*00  6-55 

7        Oxygen                          700*00  12-66 

1  •••  Phosphoric  acid  .    .    .    892-28  15*73 

1       Phoaphateofatiychnme  557i*2S  KXHX) 

It  IS  evident  fhmi  these  nnmben  that  the  phosphate  of 
strychnine  analysed  RegnauH  ia  a  eommon  phosphate, 
eorresponding  to  the  phosphate  of  soda  widi  1  eqniv.  or  fixed 

base. 

Besides  this,  Dr.  A.  T.  Thomson  f  relates  an  analysia  of 
phosphate  of  morphine  by  Dr.  Gilbert,  from  which  however 
no  conclusion  relative  to  the  composition  of  this  salt  can  be 

deduced,  the  i^nalysis  being  incomplete. 

It  be  ing  a  matter  of  indifference  \v}iother  the  base  which  I 
took  lor  experiment  was  a  natural  alkaloid  or  one  prepared 
artificially  in  the  la])()ratory,  I  selected  tmilinc,  deeminc^  it 
especially  suited  to  my  purpose,  as  this  base  gcueiaiiy  forms 
with  adds  readily  crystallizable  compounds. 

L  Compounds  of  Tbibasio  Phosphoric  Acid  with 

Aniline. 

1.  Vho^^huU  wUh  2  e^tftttf.  i^'AnUme  and  I  equiv*  qf  fVuter* 

On  adding  aniline  in  excess  to  a  strong  sdution  of  tribasic 

phosphoric  acid,  the  whole  instantly  solidified  to  a  white  ciy- 
stalline  mass,  which  was  drained,  pressed,  dissolved  in  a  lafge 
Quantity  of  boiling  dQutc  alcohol,  and  filtered  through  a  warm 
nmnel ;  on  cooling,  the  whole  became  a  mass  of  crystals ;  after 
preB!^ing  these  b(>t^vecn  folds  of  bibulous  pi^per,  1  finally  dried 
them  on  a  warm  porous  tile. 

When  dry,  this  salt  appears  as  beautiful  llesh-coloured 
nacreous  plates,  which  might  be  readily  taken  for  thionurate 
of  ammonia,  tjuiie  inodorous,  slightly  acid  to  test  paper.  They 
are  very  soluble  in  aether  and  water,  sparingly  soluble  in  cold 
afcoholy  but  very  soluble  in  hot,  so  that  upon  cooling  the  whole 

♦  Handworlerhuch  der  Chemic,  ni  ttcle  *  Organic  Bases,'  vol,  i,  |i.  70, 
f  IMinrni.  Jonrnni,  vol.  ti.  p.  500,  'On  the  Proparnf ion,  Characters,  and 

Coinpu.^uiou  of  the  Nitrate,  Phosphate,  Tartrates  aud  Uydriodate  of  Mor- 

pliia,'  hy  Anthony  Todd  TbomaoD,  M«D^  F.L.S. 
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Kqiud  becomes  solid.  This  salt  rnimot  l>e  dried  at  100°  C, 
(212°  F.),  because  nt  this  temperature  it  prives  off  anilme, 
assuming  a  red  colour.  It  melts  nt  n  ireiitle  lieat,  and  upon 
raising  the  temperature  gives  off  its  aniline  and  leaves  raeta- 
phosphonc  acid. 

Analysis, 

When  burnt  with  oxide  of  copper — 

I.  0*419  grm.  of  tlie  substance  gave  0*774  gnu.  oi'  carbonic 
tfcid  and  0-227  grm.  of  water. 

II.  0-646  grm.  of  the  substance  gave  1*183  gnn.  of  carbonic 
acid  and  0*356  grm.  of  water. 

III.  1  grm.  neutralized  with  ammonia  and  precipitated  with 
nitrate  of  silver^  gave  1*461  grm.  of  tribasic  phosphate  of  silver. 

These  numbers  correspond  with  the  following  per^cents. : — 

I.  II.  in. 

Carbon  ....  50*38  49-9  i 
Hydrogen  .  .  .  6*01  619 
Phosphoric  acid   .      ...  ...  24*86 

These  determinations  lead  to  the  following  formula, 

2{HO,C,,Il7N)HO,P05, 

as  is  seen  by  the  following : — 

24  eqs.  Carbon    ..    ..  180000  50*57 

17  ...  Hydrogen    .    .    .    212*50  5*97 

2  ...  Nitrogen  ....    354*10  9*97 

3  ...  Oxygen  ....  30000  8*42 
1  ...  Phosphoric  add  .  892*28  25*07 
1  ...  Phosphate  of  aniline  $558*88  100*00 

Therefore  the  salt  corresponds  to  the  common  phospiiate  of 

2NaO,  II O,  PO^, 

and  also  to  an  ammonia  salt  of  the  same  constitution. 

It  is  aubvdrous,  like  this  ammonia  salt;  bul^  unlike  these 
salts,  possesses,  as  before  remarked,  an  acid  reaction,  like  all 
the  other  salts  of  aniline,  this  base  being  incapable  of  destroy- 
ing the  properties  of  an  acid. 

2.  Photphate  with  1  epth.  qf  Aniline  and  2  eqtdvB,  Waier^ 

This  compound  is  obtained  by  addinp^  tribasic  phosphoric 
acid  to  the  salt  mentioned  before  until  it  ceases  to  produce  a 
predpitate  with  chloride  of  barium,  and  concentrating  in  the 
water-bath.  In  the  course  of  a  few  hours  the  salt  crystallizes 
in  beautiful  silky  needles ;  these  are  to  be  washed  with  sether 
and  dried  on  a  warm  tile. 

When  dry  the  salt  is  quite  white^  but  by  exposure  to  the 
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air  becomes  rose-red  it  is  very  soluble  n\  atihtij  alcohol^  attd 
water;  in  the  latter  with  decomposition,  the  common  phos- 
phate being  produced* 

Analysis. 

When  huTDt  with  oxide  of  copper — 

I.  0*456  grm.  of  the  substance  gave  0*633  grm.  of  carbonic 

acid  and  0*223  grm.  of  wator 

II.  0*403  grm.  neutralized  witli  ammonia  and  ])reeij)italcd 
with  nitrate  of  siivert  gave  0*880  grm.  of  tribasic  phosphate 
of  silver. 

These  numbers  correspond  to  the  following  per-cents. 

I.  11. 

Carbon  37*86 

Hydrogen  •   •    •   «  5'44 

Phoaphoric  acid  •   •     ...  37*12 

These  determinations  lead  to  the  formula 
HO,  Ci.HyN,  2HO,P05, 
as  is  seen  by  the  following;— 

12  Cii?.  rnrbnn                        900*00  37*59  .37*86 

10  ...  Hydrogen  ....    125*00  5*22  5*14 

1  ...  Nitrogen  ....    177*05  7*39 

3       Oxygen    •    .    .    ,    300*00  12*54 

1  ...  Phosphoric  acid .   .    892*28  87'26  37*12 

1  ...  Phosphate  of  aniline  2394*33  100-00 
This  salt  corresponds  to  the  biphosphate  oi  soda,  - 

NaO,  2HO,  PO,. 

Mitscherlich  has  analysed  an  aunnoaia  eompuund  of  the 
lame  constitution. 

I  did  not  succeed  in  forming  a  phosphate  in  which  the 
three  equivalents  of  water  in  the  Iiydmte  are  replaced  by  three 

equivalents  of  aniline.  On  adding  aniline  in  excess  to  an  al- 
coholic solution  of  the  common  phosphate,  the  base  did  not 
combine,  and  the  common  phosphate  remained.  I  also  tried 
to  produce  it  l)y  decomposinf^  the  phosphate  with  three  equi- 
valents of  soda  by  oxalate  of  aniliue  ;  aniline  however  was  in- 
stantly set  Iree  in  tlie  form  of  oily  globules,  and  the  common 
phosphate  was  ])ro(lue(.'d  with  oxalate  of  soda. 

1  have  not  been  more  successful  in  endeavouring  to  prepare 
phosphates,  into  which  aniline  enters  beside  fixed  bases.  I 
have  tried  to  obtain  a  salt  corresponding  to  phosphorus  salty 

NaO,  NH,0,  HO,  P0„ 

by  dissolving  aniliue  in  a  solution  of  phosphate  of  soda  with 
one  equivalent  of  fixed  base.   The  cz7stals^  however^  which 
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were  formed  did  not  coDtain  soda,  aiid  were  similar  in  appear- 
ance to  the  salt  first-described.  Similar  results  were  obLamcd 
by  neutralizing  the  acid  phosphate  of  aniline  with  carbonate 
of  soda.  The  salt  produced  did  likewise  not  contain  soda, 
the  common  phosphate  appearing  to  be  produced. 

IL  Ptbophosphatb  op  Anilinb. 

There  are  two  pyrophosphates  of  aniline,  acid  and  neutral, 
which  are  always  formed  together  when  aniline  is  added  in 

excess  to  pyrophosphoric  acid.  The  precipitate  produced  by 
addition  of  aniline  to  pyrophosphoric  acid  is  gelatinous,  and 
becomes  quite  h;ii  d  when  exj  iosed  to  the  an*. 

Several  combustions  bliowed  me  that  the  compound  ob- 
tained in  this  way  consists  of  a  mixture  of  the  neutral  and  the 
acid  pyrophosphate.  I  have  not  yet  been  able  to  obtain  the 
neotral  aut  in  a  state  irarity,  but  I  ftond  that  by  keeping 
the  pyrophosDhorio  acid  m  mat  eioess,  the  add  salt  maj  be 
pcomea.  liie  best  wi^  of  forming  it  is  to  add  aniline  to 
rather  concentrated  pyrophosphoric  add  (obtained  by  decom- 
posing pyrophosphate  of  lead  by  hydrosulphuric  add),  when 
the  acid  salt  is  precipitated  along  with  the  neutral  compound ; 
the  mixture  is  then  to  he  heated  until  the  whole  is  dissolved, 
an  excess  ot  acid  added,  and  the  solution  evaporated  in  the 
water-bath ;  upon  cooling,  the  whole  solidifies  to  a  nia&s  of 
beautiful  white  needles,  which  arc  to  be  pressed  in  bibulous 
paper,  washed  with  aillier,  and  liuiilly  dried  in  vacuo.  This 
Ban  appears  as  white  silky  needles,  very  similar  to  tiie  com- 
mon Dasic  sulphate  of  quinine;  ihey  are  very  acid,  soluble 
in  water,  and  almost  insoluble  in  alcohol  and  aether ;  the  cty- 
•tala  and  their  aqueous  solution,  like  all  other  aniline  aalt^ 
become  red  when  exposed  to  the  air. 

When  burnt  with  oxide  of  copper — 

I.  0-223  grm.  of  the  substance  gave  0*333  grm.  of  carbonic 
acid  and  0*1 17  grm.  of  water. 

II.  0*269  grm.  of  the  substance  gave  0*389  grm.  of  carbonic 

add  and  0-132  grm.  of  water* 

III.  0*350  grm.  of  substance,  neutralized  by  ammonia  and 
precipitated  by  nitrate  of  diver,  gave  0*578  grm.  of  pyrophos- 
phate of  silver. 

These  numbers  correspond  to  the  following  per-cents.  :•— 

I.  IL  III. 

C?irbon  ,  .  .  39*00  39*43 
ii>dro?en  .  ,  5*68  6*45 
Phosphoric  acid  d8*85 
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which  lead  to  the  formula 

HO,      U^N^  HO,  FOs» 
as  It  seen  by  the  following 

12  eqs.  Carbon                           900  f)()  39*44  3^-22 

U  ...  Hydrogen  112\>0  4*93  6*56 

1  ...  Nitrogen  l/z'Ol  7*75 

2  Oxygen  20(H)0  877 

1  Phosphoric  add  •  ,  892*28  39-11  38*85 
1  ...  Pyrophosphate  of  aniline  2261*79  100*00 

This  salt  corresponds  to  the  nciil  pyrophosphate  of  soda, 

NaO,  HO,  POfi, 

analysed  by  Plrofessor  Graham. 
An  analogous  salt  of  ammonia  is  not  known,  pyrophosphate 

of  ammonia  existing  only  in  solution,  which,  according  to 
Graham's  oxporimonts,  yields  on  evaporation  crystals  of  the 
common  phosphate  of  ammonia,  ^vith  2  equivalents  of  the 
volatile  alkali  and  1  equivalent  of  water. 

IIL  Metapiiosphatb  of  Aniline. 

I  obtained  this  salt  by  adding  a  great  excess  of  aniline  to  a 
verj'  strong  solution  of  nieta[)hosplioric  acid  (glacial  acid  per- 
fectly pure),  or  by  adding  mctaphosphoric  acid  to  a  solution 
of  aniline  in  alcohol  or  lether;  in  both  cases  the  salt  precipi- 
tates as  a  gelatinous  white  mass;  this  is  to  be  placed  on  a 
filter  and  well-washed  with  aether,  until  the  excess  of  aniline 
is  removed  and  no  smell  of  this  body  perceived,  pressed  and 
dried  over  sulphuric  acid  tti  vacm- 

When  dry  the  salt  appears  aa  an  amorphous  white  mass, 
which  changes  roae^red  in  the  air,  becoming  glutinous.  It  is 
acid  to  litmus  paper,  solttUe  In  water,  and  almost  insoluble 
in  alcohol  and  aether. 

Its  solution  dissolves  metnpho^phate  of  silver,  which  pro- 
perty brlojigs  also  to  metaphosphate  of  soda;  upon  boiling, 
it  chan^a  s  I  pd,  and  partly  reduces  the  silver  salt.  When  an 
a([uc()iis  solution  is  boiled  for  a  long  time  it  is  transformed 
into  common  phosphate  ui  anihue. 

When  burnt  with  oxide  of  copper — 

I.  0'6G4  grm.  of  the  substance  gave  0*^7^  of  carbonic 
acid  and  0-264  grm.  of  water. 

II.  0-9i>4  grm.  of  the  substance,  precipitated  by  acetate  of 
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lead»  and  the  precipitate  treated  with  sulphiuic  acid,  gave 
2*617  grms.  of  sulphate  of  lead. 

III.  I  also  determined  the  acid  by  precipitatmjr  ^vith  nce- 
tate  of  lead  in  at  excess  and  boiling  for  a  long  time;  tlie 
metaphosphate  oi  lead  is  complete  ly  changed  into  the  tribasic 
salt.  This  is  a  very  advantageous  method  of  determining 
metaphosphorie  acid.  0*5 785  grm.  of  the  substance  gave 
1*3485  grm.  of  tribasic  phosphate  oi  lead. 

These  numhers  correspond  to  the  following  per  cents. ^ 

I.  II.  III. 

Carbon  41*33 

ilydrogen  .    .    .    •  4'5j 

Phosphoric  acid   41*24  40^8 

These  analyses  lead  to  the  formula 


HO,  C. 

H7  N,  VO^  ^ 

as  is  seen  by  the  following 

12  eqs.  Carbon    .    •    •  • 

.    .  900-00 

41-48 

41*33 

4*62 

4*55 

8-11 

1        Oxygen  .... 

.    .  iOOOO 

4-62 

1  •••  Phosphoric  acid 

.    .  892*28 

41-17 

4111 

1  *..  Metaphosphate  of  aniline  2169*29 

100  00 

This  salt  is  analogOQs  to  Prof*  Qrafaam's  metaphosphate  of 
^  NaO,  PO5, 

which^  according  to  the  experiments  of  this  chemist,  likewise 
becomes  viscid  on  ev^Kwation,  and  never  presents  the  slightest 
trace  of  crystallization. 

The  corresponding  metaphosphate  of  ammonia  is  only 
known  in  solution.  On  evaporation  this  salt  assimilates  1 
equivalent  of  wateTj  passing  into  the  common  phosphate  with 

1  equivalent  of  ammonia  and  2  equivalents  of  water. 

The  experiments  which  I  have  described  prove  that  there 
exist  the  following  series  of  phosphates  of  aniUne : — 

PhosDhates  /2(HO,  C,,  H,  N)  HO,  PO^. 

i-nospnates    .   .   --^hO,  C^H^N,  2H0,  PO.. 

Pyrophosphate    .   .   HO,  C15H7N,  HO,  PO5. 

Metaphosphate    .    .    HO,  €,3  H7N,  PO,. 

This  series  embraces  compounds  corresponding  to  all  the 
cf)ml)inations  of  soda  with  phosphoric  acid,  except  the  plios- 
*  phate  witii  3  equivalents  of  soda,  and  the  pyrophosphate  with 

2  equivalents  of  fixed  base. 

Phil.  Mag,  S.  li.  Vol.  iSO.  No.  198.  Jan,  IS^l.  C 
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The  aniline  salt,  corresponding  to  the  latter,  howevwexkrtly 
but  could  as  yet  not  be  obtaiued  in  a  stfitr  of  piiritv. 

All  thr  compounds  of  aniline  with  phosphoric  acid  are 
anhydrous,  like  the  other  salts  ot  this  base  which  have  been 
examined  by  Professor  Hot'mann.  In  this  respect  they  ditler 
from  the  corresponding  soda  salts,  wliich  nearly  all  contain  u 
larger  or  nnflUer  amoont  of  water  of  cijstallizatioQ.  The  two 
ammonta  aalU  of  phosphoric  add  which  we  koowi  are  how- 
ever  likewise  anhrdnNis* 

From  the  resulta  of  the  preceding  investigation  we  mav 
conclude  that  the  oiganic  bases  comport  themselves  alao  witn 
polirbasic  adds  like  mineral  ozidea.  I  intend,  however*  to 
analyse  the  phosphates  of  some  other  organic  alkaloids,  par- 
ticularly of  thoso  which  occur  in  nature,  and  are  frequently 
employed  in  medicine. 

VI.   On  the  remark-able  Barometric  Depression      ike  ^iiik 
December  1821.    Dij  W.  R.  BiiiT. 

To  the  EdHon  of  the  PkUotopkieal  Mt^aiine  and  JoitmoL 
Gentl&men, 

/^N  the  26th  of  November  last  the  baronietric  depteasioni 
noticed  at  the  dose  of  my  letter  on  the  Great  Symmetri<- 
cal  Barometric  Wave,  returned,  making  the  sixteentli  instance 

in  eighteen  years.  The  value  of  the  depression  at  this  station 
w;is  l?n*^?(i8  (unretliicwl) :  the  observation  was  tnkcn  at  10 
niinuies  past  8  in  the  morning.  The  value  is  about  a  tenth 
higher  than  the  depression  at  Dublin  on  the  2Gth  of  Novem- 
ber 1843.  lii  that  year  the  barometer  commenced  a  decided 
rise  on  the  27tb,  which  it  also  did  at  this  station  in  the  pre- 
sent 3'ear. 

My  friend  E.  W.  Bray  ley,  Jan.,  E^q.,  has  suggested  that 
this  depression  is  somewhat  allied  to  the  great  depression 
which  occurred  on  the  95th  of  December  1821,  and  which  has 
been  made  the  subject  of  an  inrcstigaiion  by  Prof.  Brandes  of 
Breslau,  and  since  by  Prof.  Dove  ot  Berlin.  I'he  reader  will 
/ind  Prof.  Brandes'  paper  in  the  Annals  of  Philosophy,  N.  S. 
vol.  iv.  p.  26S,  and  Prof  Dove's  in  the  American  Journal  of 
^Science  and  Art,  vol.  xliv.  p.  31D.  A  paper  on  ilic  snme 
(subject  by  Luke  Howard  is  imerted  iu  th«  Fhilosuphicai 
Transactions,  vol.  cxii.  p.  113. 

There  can  be  no  (jucbUoii  liiat  the  depression  oi  ilic  laller  end 
of  November  is  periodical :  the  foUowmg  interesling  question 
consequently  suggests  itself*  Is  the  depressloii  of  &  95tb  of 
Deoemher  also  periodical  ?  To  answer  this  question  I  aeleetid 
all  the  readings  given  in  Howard's  CUmate  of  London  from 
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1806  to  1830  incluMve,  on  the  8Srd,  24th,  25th,  26th  and 
87th  of  December.  These  readings,  wliich  consist  of  the 
maxiaui  and  mioiiniiy  I  have  made  the  subject  of  a  very  care- 
ful discussion,  the  result  of  which  forms  the  subject  of  this 
oommunication. 

TaBL£  1. 


Dite. 

Mn. 

Mill. 

1821. 
December  83. 

24. 

2G. 
«7. 

89*17 

'2m 5 

28-86 
S81»7 

88*75 

e7-80 

27bO 
28-25 
88*50 

This  table  gives  the  principal  features  of  the  depression  of 
December  25,  IH21,  hs  it  passed  the  neighbourhood  of  Lon- 
don. As  we  proceed  with  the  investigatiou  we  bbail  find 
reason  to  isolate  these  observations. 

Table  II.  — Barometric  Maxima  and  Minima  on  Dec,  85. 


Min. 

Mn. 

1 

1806 

30-17 

3000 

1819 

29-50 

29-40 

1H07 

30- 12 

29-93 

1820 

29-81 

29-70 

lb08 

29-55 

29-50 

1821 

28-45 

27-80"' 

1809 

3005 

29-77 

1822 

.30-47 

30-40 

1810 

21)03 

28-98* 

1823 

29-88 

29-70 

1811 

20-98 

1824 

2080 

20-44 

1812 

30-46 

30-40 

1  1825 

3005 

29-77 

1813 

30-28 

30-02 

1826 

30-55 

3042 

1814 

29-61 

29-58 

1827 

30-:)() 

.-^0-48 

1815 

2978 

29  63 

1828 

2!)73 

29-50 

1816 

2y-72 

29-38 

;  1829 

30-53 

30  26 

1817 

30-06 

88-90 

1  1830 

29-61 

29-58 

1818 

30-10 

80-82 

1 

From  this  table  we  learn  that,  with  only  two  exceptions  in 
twenty-five  years,  the  birometer  attained  an  elevation  of  at 
least  29-50  on  the  25th  of  December  in  every  year;  tiic  ex- 
ceptions aro  the  years  1810  and  1881  marked  *  and  \ 

Table  IIL 


Ifin. 

1810.  I 

December  23. 

20-43 

20-38 

24. 

21>-40 

20  26 

25. 

2903 

28-98 

86. 

89-77 

89'51 

87. 

89*58 

89*54 
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This  table  gives  the  principal  featnres  of  the  depression  of 
1810.  It  will  immediately  be  seen  from  a  comparison  of  the 
numbers  of  1810  and  1821,  that  the  depressions  are  essentially 
distinct. 


Tablb  IV. — Mean  Barometric  Maxima  and  Minima. 


Day. 

Max. 

Uin. 

Range. 

December  23. 

29-91 

29-72 

•19 

24. 

29-99 

29-80 

•19 

«5. 

90*00 

8S»-84 

•16 

26. 

2996 

29-78 

•18 

"I ' 

29-94 

29-75 

•19 

Rejecting  on  each  (hiy  the  readings  of  1821  on  llie  gronnd 
of  the  depression  being  no  distinctly  marked,  and  the  readings 
being  so  considerably  below  any  other  oi  the  scries,  and  also 
rejecting  on  the  '25th  the  read ing!$  for  1810  iis  evidently  indi- 
cating a  depres.sion,  and  being  nearly  *5  below  the  lowest  of 
the  remaining  readings,  this  table  gives  the  means  of  the 
maxima  and  minima  for  the  respective  days;  from  which  it 
appears  that»  on  the  average,  the  barometer  passes  a  maximum 
on  or  about  the  25th  of  December. 


Table  V,* Absolute  Barometric  Maxima  and  Miniaia. 


Day. 

Hin. 

Dec.  23. 

30-40 

j  18181 
\1886/ 

28-65 

1824 

1-75 

/  18151 

30*48 

1897 

\1819/ 

1*83 

25. 

30-56 

1827 

28-98 

1810 

1-58 

26. 

30-64 

1826 

29-00 

1815 

1-64 

87. 

30-80 

1887 

88  04  . 

1814 

1-86 

From  this  table  we  learn  that  the  years  1 826  and  1887  were 

characterized  by  considerable  elevations  of  the  barometer  from 
the  23rd  to  the  27th  of  December;  and  that  in  the  years  1810, 
1814,  1815,  181.9  and  1824,  the  barometer  sank  to  29  inches 
or  below,  on  tlie  23rd,  25th,  2(ith  or  27th.  In  no  instance 
except  1821  did  the  barometer  fall  below  29*26  oa  the  24th. 
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Table  VL^Showing  the  highest  and  lowest  readln^h  of  the 
Maxima  for  Uie  respective  days  and  years  in  which  they 
occnrred. 


HidlMt 

.T«r. 

Latwmt 

Dee.  S3. 

30*40 

/1818\ 

89-35 

1819 

1-05 

24. 

.^0-48 

1827 

29-40 

1810 

108 

25, 

1827 

29-50 

1810 

1-06 

S6. 

1826 

29-42 

lbl6 

1-22 

27. 

30*80 

1827 

29-27 

1811 

1*53 

In  this  table  the  highest  readhigs  of  the  ninxhna  show  the 
absolute  altitude  which  tlie  mercurial  column  attained  on  the 
respective  days  in  the  years  named  in  the  tliird  column. 

The  loicesf  rendings  of  the  maxima  show  tijat  the  barometer 
attained  a  greulci  elevation  than  99  25  on  each  day,  from  the 
t^:3rd  to  the  27ih  oi  December  iuclusive,  in  each  year  from 
1806  to  1830  also  inclusive,  1821  and  1810  only  excepted; 
the  exception  of  the  year  1810  extends  only  to  the  85th. 

The  reply  which  this  examination  furnishes  to  the  question 
proposed  is  this— that  the  depressions  of  1810  and  1821  were 
accidentalf  that  is,  they  did  not  form  portions  of  a  periodical 
series  of  depressions,  such  as  the  depression  of  the  latter  end 
of  November  (see  table  on  p.  359  in  the  last  volume).  Mr. 
Brayley  however  suggests  that  they  may  be  instances  of  a 
longer  series.  May  they  not  result  from  annual  movements, 
which  from  some  cause  or  other  are  displaced?  The  usual 
epoch  of  the  crest  of  the  great  wave  is  about  the  middle  of 
November ;  on  some  occasions  it  occurs  as  early  as  the  latter 
end  of  Octoberi  and  on  others  as  late  as  the  latter  end  of  No* 
vember*  having  a  range  of  about  a  month. 

This  result  conducts  us  to  another  of  a  very  interestin|r 
character:  we  have  just  noticed  that  the  great  symmetrical 
wave  is  to  a  certain  .extent  eiratic  as  to  the  period  of  its 
transit.  The  depression  of  the  latter  end  of  November  is  to 
a  certain  extent  constant^  the  period  of  its  transit  being  con- 
fined to  about  four  days:  this  has  been  determin<nl  froni 
a  consideration  of  the  barometric  curves  of  the  last  tour  days 
of  November.  Mr.  Howard's  observations  do  not  furnish 
sullicient  data  for  projecting  the  curves ;  still  the  readings 
lead  to  the  conduidony  that  some  time  during  the  five  days, 
from  the  23rd  to  the  S7th  of  December  inclusive^  the  baro- 
meter passes  a  maximum.  We  have  an  elevation  of  the  mer- 
cnrial  column  about  this  time. 

From  this  it  appears  highly  probable  that  we  have  two 
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point!  qipraxinurtdy  Baud  in  onr  animal  harmetric  emvi, 
ihn  depreman  on  or  aboat  the  28th  of  November,  and  the 
devatUm  on  or  aboat  the  25tb  of  December*  It  atao  appears 
that  we  bare  two  kinds  of  atmospheric  movements  that  affect 

the  barometer ;  those  of  an  erratic  character  as  to  their 
period — the  great  symmetrical  wave  being  an  instance — and 
those  of  a  more  constant  cbaractefi  as  the  depression  and 
elevation  jnst  noticed. 

We  now  ))ass  on  to  llic  evidence  which  the  Greenwich  ob- 
bei  valions  afibrd  as  to  the  elevation  of  the  26ih  of  December. 


Table  Vll. — Barometric  Readings,  Royal  Observatory^ 

Greenwich. 


H«Hr. 

Barninr  trr 
corrected. 

1840. 

M. 

S6. 

28. 

Noon. 
Noon. 

Noon. 

Noon. 
10v.li. 

3  A.M. 

Noon. 

30060 
30*006 

30-245 
30-491 

»m 

30304 

/  Max.  "0  ;W8  midau^ 
\  Mia,  30-136 

BfaXa  of  iho  noiith* 

From  this  table  we  find  that  the  barometric  readings  on 
the  arc  strictly  ui  accordance  witli  the  foron-oing  deduc- 

tions, h<.:\u<^  coiisitliTahly  above  59'50();  and  we  further  learn 
that  the  luaxiiuum  ui'  ibis  elevation  occurred  on  the  26th  at 
10  at  nighi;  the  readings  of  the  25ih  were  therefore  those  of 
tlie  anterior  slope  of  the  elevalioo.  Tlie  maximum  of  the 
S6th  was  aiflo  the  maximnm  of  the  month. 

Table  VIII. — Barometric  Readings,  Royal  Observatoryt 

Greenwich. 


Digr. 

oorieeted. 

1841. 

Dec.  23 

Noon. 

20-741 

IOa.m. 

2S>'U40 

Ma:(in)uro. 

24. 

Noon. 

21MKM 

25. 

Noon. 

2I)'604 

25, 

10  P.M. 

29-531) 

Miaiinuin. 

f6. 

Noon. 

27. 

30*042 

Mindsiuni* 

28. 
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The  readings  of  the  25th  are  0till  in  accordance  with  the  re- 
sults already  arrived  at.  Tlie  trough  between  the  two  maxima 
occurred  at  10  p.m.  of  the  25th,  so  that  the  readings  of  the 
25th  were  those  of  the  posterior  slo[>e  of  the  first  elevation. 

Ta9LE  IX«*<-Baroiiiitric  Readings,  Royal  Observatory, 

Green  wich* 


Vtf, 

Rov. 

1842. 

Dec.  23. 

Noon. 

94. 

Noon. 

29-586 

25. 

]0  A.M. 

29-7'^^ 

Msnimuin* 

26. 

27. 

6  A  H. 

Minimum 

tr. 

Noon, 

29-288 

Noon. 

fllMM7 

In  this  year  the  barometer  passed  a  maximum  on  the  25th  ' 
al  10  A^Tt  ftod  this  reading  was  the  highest  of  the  five  days. 

Tablb  X. — Barometric  Readings,  Royal  Observatory^ 

Greenwich. 


BNTt 

1843. 

Dec.  23, 

Nooo. 

30-313 

M. 

9  par. 

80'374 

25 

10  A.M. 

30-392 

Masimuia* 

26. 

Noon. 

30-283 

27. 

Noon. 

30-369 

S8. 

Nosn* 

30-438  ^ 

The  barometer  again  passed  a  maximum  on  the  25th  at 
10  A,u^  and^  as  in  1842»  this  reading  was  the  highest  of  the 

five  days. 

The  observations  in  the  four  years  fully  confirm  the  results 
deduced  from  the  observations  as  given  in-  Howard's  Climate 
of  London. 

By  the  kindness  of  Cnptain  Childers,  who  has  placed  in  mv 
hands  the  hourly  ohs*.  i  vatioiis  vslucli  lie  c omiiamicated  to  tiio 
l^rlliNh  Abbuciulion  at  its  last  meeting,  1  atn  enabled  to  ascer- 
tain the  stale  of  the  barometer  at  St.  Heller's,  Jersey,  for  the 
above-named  days  in  the  years  1844  and  1845  :  it  is  strictly 
in  acoofdaooe  with  all  that  has  preceded. 


Digitized  by  Googlc 


2^  Mr.  W.  U.  Bin  an  a  rcmaikubU  Baromeiric  Depression, 
Table  XI. — Barometric  Readings,  Su  Helier^fl»  Jersey. 


Hoar. 

BiraOMlcr 
uaooiMfilBd* 

Dec.  23. 

Noon. 

30-180 

23. 

8  P.M. 

30-260 

Maxiiuum. 

S4. 

Noon. 

30  235 

25. 

11  A.M. 

no- 120 

26. 

Noon. 

.30025 

27. 

Noon. 

29980 

S8. 

Noon. 

S9910 

The  reading  of  the  25th  occurred  on  the  posterior  slope  of 

the  elevation. 

Captain  Lnrcom's  observations  at  Dublin,  uitli  Captain 
Chilclcrs*  at  Jtr.sey  for  last  ycir,  will  coiichidf  the  scries. 
Captain  I  .nrconi's  obsci  valious  <^ive  a  most  decitieti  and  well- 
marked  inaxtnuini  on  the  25ih  nt  ti  P.M.;  the  read  in  jts  extend 
only  to  i)  A.M.  of  the  26lh  ;  bul  Ironi  the  curve  with  wImlIi  \hc 
Captain  has  most  kindly  furnished  me,  the  readiii<^  on  the 
25tb  at  S  P.M.  is  the  highest  for  the  five  days. 

Table  XII. — Barometric  Readings,  Ordnance  Survey 

Ofiice»  Dublin. 


Dae.  f8. 

Noon. 

£9*082 

24. 

Noon. 

30-074 

25. 

Noon. 

30- 134 

25. 

3  P.M. 

30-148 

Maximum. 

€5. 

6  f,M* 

30-124 

25. 

9  pm. 

30-070  ■ 

26. 

9  a.m. 

29-631  1 

Table  XIII. — Barometric  Readings,  St.  Helier's,  Jersey. 


Dif. 

Bwocnctrr 
■ncofTvctvd. 

Dec.  93. 

Noon. 

29-460 

24. 

Noon. 

.30- 1 2.') 

25. 

9  A.M. 

25. 

3  P.M. 

25. 

8  P.M. 

30800 

Masimom. 

28. 

Noon. 

30230 
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Upon  the  whole,  I  apprehend  we  may  fairly  conclude,  from 
the  observations  of  thirty-one  years,  that  on  or  about  the  25th 
of  December  the  barometer  passes  a  maximum,  and  that  this 

maximum  is  above  29*500.  This  conclusion  is  strenfrthened 
by  the  fact,  thut  only  two  exceptions  have  been  observed :  a 
low  barometer  on  the  25th  will  consequently  demand  close 
attention,  and  observations  under  such  circumstances  cannot 
fail  of  possessing  great  interest. 

Should  uay  of  your  readers  be  aware  that  between  1830 
and  1840  depresuons  occurred  on  the  25th  of  December)  a 
notice  of  them  would  be  valuable. 

I  have  the  honour  to  be»  Gentlemen^ 

Your  very  obedient  Servant, 
S  Sidney  Place,  Cambricigc  Road,  Bethnal  Green.  W*  R«  BlST 

London,  Dec.  5,  1846. 

VII.  Relics  of  the  Mechanical  Productions    Abraham  Sharps 
the  assistant  ^Fiamsteed*  By  the  Rev.  N.  S.  Heineksn. 

Gentlemen,  Sidmoutb,  November  S3, 184ft. 

A  MONG  my  papers  I  have  chanced  to  6nd  one  which  I 

had  intended  some  years  since  to  forward  lor  insertion  in 
the  Philosophical  Magazine^  if  upon  perusal  you  deemed  it 
likely  to  interest  any  of  your  readers:  again  accidentally  thrown 
in  my  way,  I  transmit  it  to  you,  hoping  ihiit,  notwithstanding 
the  interval  which  iins  passed,  the  statemeuts  therein  made 
may  still  be  found  to  be  correct. 

I  am,  Gentlemen, 

Respectfully  yours, 

N.  S.  Hbineken. 

It  may  perhaps  be  interesting  to  some  of  the  readers  of  the 
Philosophical  Magazine,  to  be  informed  that  several  of  the 
mechanical  productions  of  Abraham  Sharp,  the  once  cele- 
brated assistant  of  Flamsteed,  are  still  4n  existence  and  in 
fQod  preservation.  My  attention  was  directed  to  this  subject 
IB  consequence  of  observing  his  name  mentioned  in  the  review 
of  the  Rev.  W.  Whewell's  Flamsteed  and  Newton.  Feeling 
interested  in  everything  which  rel:ited  to  one  so  eminent  in 
his  day,  1  endeavoured,  while  on  a  visit  at  Bradford  (York- 
shire), to  obtain  whatever  information  I  could  respecting  the 
papers  ajid  "  reliques"  of  the  once  **  indefatigable  calculator/* 
aiul  sought  to  procure  ^onia  nieuicuto  ui  him  who  is  descnbctd 
by  his  biographer  as  having  had  a  clear  head  for  contriving 
and  a  skilful  hand  for  executing "  any  of  the  mechanical  or 
philosophical  apparatus  which  he  required.  The  result  of  my 
inouiries  I  subjoin. 

The  lathe^  mentioned  in  the  ^cydopadia  ^i^oniwca  (article 
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*  Sharp ')  for  ttimin(^,  rote-work,  eeeentric,  Bwash-work^  seo- 

metricnl  solids,  5cc.,  was  solil  some  few  years  since  at  Bradnprd 
to  Godfrey  Wright,  Esq.,  in  the  neighbourhood  of  DoncMler. 
It  had  for  many  years  been  used  by  its  former  possessor 
(W.  Goodcliild),  and  when  I  saw  it  was  in  excellent  working 
condition  ;  and  many  are  the  elaharnte  and  beaiTtifi!!  «;y>cci- 
mens  which  i  have  seen  of  its  efficiency,  even  at  a  ]>ei  iod  of 
upwards  of  a  century  since  it  was  first  constructed.  Another 
snia]!er  lathe,  of  a  somtwhat  similar  desci  ipLion,  lor  turning 
ovals,  and  ovals  combined  with  rose-woi  k,  which  exhibits  some 
ingenious  contrivances  of  the  same  **  master  mind,"  was  pur- 
chased by  a  person  whose  name  Is  Murgy,"  residing  at  Hea- 
ton  near  Bradford*  The  doable  sector  mentioned  in  his  bio- 
graphy and  sculptured  on  his  monument,  Is,  I  understand,  In 
the  possession  of  J.  Bottomley,  Esq*  of  Bradford,  or  his  re- 
lative Miss  Bamforth,  of  Manor  Row,  Bradford.  The  large 
(18-inch)  elaborate  ring  dial,  and  also  the  set  of  calculatii^ 
rods  in  a  walkinc-stick,  were  purchased  by  Mr.  Muff,  music- 
seller,  Leeds.  A  Denntifnlly  divided  piate  for  calculating,  T  was 
informed,  was  in  the  possession  of  —  Skelton,  Esq.  oi  Brad- 
ford. A  large  equatorial  fwith  ihe  hour  circle  about  iliii  ty 
inches  diameter)  in  cnii^plt  le  preservation,  was  pin  ciiased  at 
the  sale  at  Bradford,  and  is  now  ai  the  observatory  of  the 
York  Philosophical  Institution.  A  very  ingenious  and  com- 
plete perambulator,  measuring  from  imri  of  an  inch  to  100 
milesy  together  with  some  geometrical  solioo,  turned  In  the 
first^mentioned  latbe^  now  belong  to  my  friend  J.  Water- 
house,  Esq,,  of  Well  Head  near  Halifax.  Of  this  pera||i- 
bulator  I  ma^  observe^  that  it  has  onl^  one  toothed  lohed  in 
die  whole  ol  the  machinery :  all  the  mtermediate  measorss 
are  given  from  ike  inch  to  the  last  index^  which  moves  once  in 
100  miles;  nnd  yet  the  disc  of  the  dial  is  not  more  thnn  nho!it 
six  inches  in  diameter  and  not  a  quarter  (^t  an  iiieli  in  tliick- 
ness.  Of  tins  perambulator  I  have  made  a  model,  \s  liich  (with 
the  consent  of  mv  iVitiid)  I  will  submit  to  you  should  you 
desire  it.  A  rnurai  quadrant  of  5^  feet  radius,  diagonally  di- 
vi<led,  &c.,  I  iiave  in  my  own  possession,  and  shall  feel  plea- 
sure in  showing  it  to  any  who  may  feet  an  interest  about  it. 
A  splrift  thermometer,  the  ica!e  of  which  I  am  certain  was  the 
work  of  Abraham  Sharp,  IWmi  the  punches  used  for  the 
figures,  was  fixed  in  the  wainscot  of  the  hall  at  Horten  (his 
residence).  If  the  tube  is  the  original  one,  this  m^ht  be  va- 
luable ibr  reference  in  a  meteorological  point  of  view ;  for  I 
fememlser  haTing  seen  many  meteorological  journals,  which 
had  been  kept  by  Abraham  Sharp,  and  which  were  among 
the  papers  leH  at  Uorton :  these  I  believe  are  now  in  Uie 
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possession  of     Giles,  Esq.»  the  reprMentetive  of  the  famUy. 
Two  planispheres  were  also  among  these  papers,  drawn  by  pen 
and  ink ;  but  so  exquisitely,  that  until  I  examined  them  with 
a  magnifying  lens,  I  conid  not  hut  believe  them  to  be  engra- 
vings.   A  vice  which  was  m  ule  to  turn  on  iij»axis,  and  which 
had  the  contrivance  of  a  >tc(5rul  pair  of  chaps  near  the  screw, 
for  pressing,  1  imagine,  horii  into  moulda  iur  huUomy  was  used 
by  the  belore-named  Mr.  Goodchild  as  his  working  vice,  and 
1  dare  say  is  still  retained  by  some  part  of  the  family ;  and 
as  I  have  mentioned  the  oontrivanoe  for  hOTn^pressinff,  I  may 
state,  that  even  one  set  of  these  identical  buitom  is  stfll  in  ex- 
istence 1 1   They  are  ornamented  with  every  variety  of  rose- 
work  patterns,  and  were  probably  intended  by  the  philosopher 
for  his  holiday  suit  I  !   They  are  now,  together  with  some 
lenses,  regarded  by  their  owner,  Mr.  Fearnley  of  Shiple}',  as 
precious  relics,  though  I  believe  within  a  few  years  they  have 
decorated  modern  broadcloth.    Tl»e  steel  punches  for  figu- 
ring his  instruments  were  constantly  used  by  Mr.  Goodchild 
ibr  tiie  same  ])u]  pose;  as  were  also  several  chisels,  which,  sin- 
gularly enough,  were  made  of  remarkably  soft  iron^  case^har" 
dened  at  the  catting  part.   I  remember  also  to  have  seen  a 
shutter  micrometer  ^  of  brass  at  the  Hall.   This,  I  soppose, 
not  having  been  sold,  is  retained  b^  — '  Giles,  Esq.    It  Is 
mach  to  be  regretted  tliat  the  ingenious  and  laborious  pro- 
ductions of  such  men  should  be  thus  scattered  abroad,  and  in 
too  many  instances  allowed  to  decay  or  be  wantonly  destroyed. 
Two  lamentable  examples  of  this  are,  1  learn  from  a  paper  in 
the  Magazine  of  Science,  exhibited  even  at  the  Royal  Society, 
where  tlie  reflectors  of  Newton  and  Hadley  are  in  a  slate  of 
complete  dilapidation,    in  ihc  case  oi  Abraham  Sharp,  it  was 
by  chance  only  that  I  was  fortunate  enough  to  save  the  large 
mural  quadrant  from  the  hands  of  an  ignorant  brazier,  who 
was  anxious  to  purchase  it  for  the  purpose  of— mending  ketp 
ties  I !    I  was  given  to  understand  with  respect  to  his  MSS.y 
that  matty  year$  since,  when  they  had  been  neglected  by  the 
owner  of  the  house  and  left  in  a  closet,  the  cook  was  in  the 
habit  of  supplying  herself  from  the  ample  store  for  the  purpose 
of  lightincT  fires  and  singeing  fowls!  what  remained  have  since, 
I  believe,  been  carefully  preserved  by —  Giles,  Esq.,  but  they 
are  now  the  mere  membra  dhiecta — the  Sibyl's  scattered  leaves. 

I  am,  Gentlemen, 

Respectfully  yours^ 

N.  S.  Hbineken, 
P.S*  One  of  the  philosopher's  walking- canes,  having  its 
crutch-head  formed  into  an  operaFglas%  I  also  saw  at  the  Hall, 
and  I  hope  is  still  preserved. 
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VIII.    On  some  Formtda  which  serve  to  indicate  the  limiti 

of  the  application  of  Luleterminate  Methods  to  the  soliUion 
of  certain  Problems.    Bij  James  Cockle,  Esq,y  of 
J)- ill!  I  J/  College,  Cambridge  t  Barri^fer-at'Jjim^ilfthell^dr 

die  Temph:.  Second  and  concluding  Part^, 

[The  first  purt  wiil  be  found  at  pp.  181-183  of  the  precedii^  folumef.j 

T  £T  x^SB^  •  t  Xn  denote  the  roots  of 

the  general  eqaatiaa  of  the  itth  d«!gree>  and^  by  a  similar  no- 
tation, let  .  yn  be  the  roota^  and  y'y  5^9 1  the  coeffi* 
dents  of  the  equation  in  when 

It  is  required  to  point  out  how  to  determine  $<*>|  j^,  • , . »  so 
that  we  may  have 

y=:0^  y»=sQ,  y^sO,  andyw-o. 
By  means  ofysO^  eliminate      from  the  diree  succeeding 
equations,  and,  conformably  with  the  notation  adopted  in  one 
or  my  previous  communications  to  this  workt,  represent  the 
respective  results  by 

.y.sO,  ,Y',.=o,  and4Y'»«0. 
Nextf  by  processes  wliU  h  I  have  already  referred  to  in  the 
present  periodical  §»  let  tY'^aBO  be  put  under  the  form 

where  ? + A  4*+ • + S*^ 

and,  in  general, 

We  have  twenty- two  quantities  (^)  at  our  disposal,— make 
V  + •  (A.),    V+V=0,  .  (B.), 
and                h^-   h^^  =  0,  .  ,  . ,  A  *,  +     =0 ; 
with  the  aid  of  the  last  nine  of  these  equations  (previously  put 
under  the  form   

let  nine  of  the  ^'s  bo  climitifited  from  llie  first  two;  after  the 
elimination  ihci  c  will  i  tmaiii  22—9  or  IS  of  the  quantities  ('^ 

,  ^^^^^  still  u !  k1  etc  r  nil  lied. 

Now  it  is  known  ,  tlifit,  whatever  be  tlie  miinbcr  of  the 
quantities  ^,  tlie  above  expression  lui  j/  Is  equivalent  to 
y=i  H^»J  +  H'    +  S''  ^2  _^  .  +  or-  \ 

•  Communicated  by  Sir  Geof||e  Gayiey,  Bart. 

t  Phii.  Mag.  S.  3.  vol.  xxijl.  1         vol.  xxviii.  p.  191. 

4  lUid. voLiivli. |»p.  IM. m 

y  Sisth  Report  of  the  Brittih  Atioeistioii,  p.  801    Mf . 
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IP  that  the  number  of  ditponble  and  independent  qnandtiei 
(Ji)  eooUuned  in  tlie  expression  for  y  can  in  no  case  exceed 
n\  neiUier»  after  the  elimination  of  the  nine  can  it  exceed 
ISy  as  is  seen  on  referring  to  the  last  of  the  above  equations. 

The  elimination  of  those  quantities  does  not,  however,  dimi- 
nish the  number  of  dispofiable  quantities  (JI)  except  when  » 
is  greater  than  13. 
If  then 

^  AV  a'  +  a:/' S"  4- 0"  +  AV^  ^ 
^4= KJ'  0'+  AV"  5'"  -f  jq^  Si'  + 

where  iJp  . ,  .  ,  B4  are  functions  of  the  —  5  quantities  H*, 
IT*,  .  B^*""*^,  we  see,  by  what  precedes,  that  nine  of  the  quan- 
tities £  may  be  so  determined  as  to  enable  us  to  decomposie 
gY«  =  0  into 

h^-^-h^^O,  .  f  A.)  and  h^-k-h^^O, .  (B.) 

where  hyy »  ,  ,  ^  have  the  Ibrms  last  above  given,  and  the 
fi  — 5  quantities  5^  S^,  .  ,  S^*-'>  are  undetermined,  antl  jkt- 
fectly  al  our  disposal  j  at  least  wiitii  }i  is  not  greater  than  J  3, 
and  when  n  exceeds  IS,  we  have  eight  of  them  undetermined 
and  disposable.  But  it  will  be  seen  below  that,  for  our  pre- 
sent Durpose,  thtt  last  case  docs  not  require  consideratioii* 
R',  •  haTe  as  yet  no  oilier  conditions  than  (A.)  and 
(B.)  to  satiify. 

Depress  (A.)  and  (B.)  to  linear  equations,  and  eliminate 

B*",  H'^  from  Y'^by  their  means.  Then,  on  referring  to  my 
paper  at  |)iifie8  190-191  of  the  last  volume  but  one  of  this 
work*,  it  will  be  seen  that,  without  deternnning H',  B",  it  will 
be  possible  to  reduce  the  resulting  ecjuation  to  the  form 

or,  hi**  +  h,^=0;  (C.) 

and  nlso  that  B,  and  Bg  will  not  give  the  illusory  results 
which  (umlcr  a  tlillLi  ciit  notation)  I  have  before f  pointed  out, 
provided  llie  nuinbcr  ol  di.sjjosable  quantities  c^,  .  ,  .  ,  5^*-*^ 
be  more  than  three  m  lumiber ;  this  gives  the  condition 

—  5     3,  or  1/  >  8  (y.')  X 

With  the  aid  of  (C.)  ictbiccd  to  a  linear  form,  eliminate  jB^' 
or  S"  from        =  0,  and  solve  the  resulting  equation. 

♦  Phil.  Mag.     3.  vol.  xxviii  t  Ibid.  pp.  190,191.395. 

1  This  corr«»^>oiKU  to  the  e^uatioQ  (j  .)  of  p.  191  of  PbiL  Mag.  &  3. 

voL  axff& 
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In  effect  we  solve  (A.)»  (H.)>  (C.)  uiu!  (D.),  by  means  of 
S',  H'',  S*",  S'^' :  tlie  remainirjfj  5's  (exceptii»g  H "  )  are  deter- 
mined in  effecting  tlie  rctluclion  ol  ^V^  io  the  lorni  of  (('.)  ; 
and  S  "  will  be  obtained  tromysBO,  alter  subsiitutiug  in  it  ihe 
vaJuea  of  the  other  E 

The  above  inveiitigations  give  the  formulj. 

«(!,  1,  1,  i)  (or,  n  (l'jj=:9;  .  .  .  (:;17".) 
and  sliows  that  the  general  equations  of  the  ninih  and  higher 
degrees  mat/  be  Irausjormed  into  others  of  the  same  degrees, 
from  which  the  ieeondf  third,  Jmtrth  and jlfth  terms  disappear : 
the  corresponding  formula  for  m  (see  the  first  pert  of  this  dk* 
citssion'i'}  is 

ffi(l,  I,  M)  =  11  (or  10).  .  *  .  (Sir.) 

8  Cbiircli  Yard  Court,  Temple, 
NoYember  28, 1846. 

Postsa-jpt^  Dec.  14,  184-6. — On  lookinix  m-er  iliu  proor.-^lip, 
I  observe  that,  in  this  paper,  1  iiuve  uol  iiad  uceubiuu  to  u^e 
the  foregoing  notation  for  the  roots  of  eauations.  But  the 
above  may  be  considered  to  suggest  the  ibllowing  permanent 
notation;  vix,  that  »r  should  represent  a  root*  and  a,^^^  the 
coefficient  of  the  (r  +  l)th  term  of  an  equation  in  X;  ^a 
quantity  composed  ofsymmetric  functions  of»  and  homot^eneous 
and  of  the  ;  th  degree  with  respect  to,  arj,  .Xnl  that  ^  should 
denote  the  disposable  quantities  whicfi  enter  (explicitly)  into 
the  equation  for  and  H,  the  disposable  fjuantities  implicitly 
contained  in  that  equation.  W  hen  r  is  given  as  a  number,  we 
may,  however,  as  above,  express:  the  coetVicicnts  by  accents  if 
r  be  biiiuli,  or  by  Uomau  iiunieraU  d  it  be  large.  Ft>r  latility 
of  reference  I  have  termed  Hast'  volume  what  was  in  fact  tlie 
current  one  at  the  time  of  writing  thu  paper. 


IX.  On  t/te  Bolvent  Action  of  Drainaye-Wattr  on  iSoUs, 
Jhj  John  Wilson,  Esq,f 

"IN  the  autumn  of  isi  j,  btinrr  a  resident  in  Ea?t  Lothian, 
whvvc  the  system  thorough  drmnhiff  is  very  extensively 
carried  ont,  it  occurred  to  me  that  the  drain  age- water  dnring 
its  pcrcoluliun  of  the  soil  must  necessarily  dissolve  ont  and 
carry  away  a  great  portion  of  the  soluble  constituents  of  it, 
which,  by  the  practice  as  at  present  followed,  are  carried  off 
the  land  and  entirely  lost  to  the  farmer.  I  therefore  took 
advantage  of  the  first  fall  of  rain  sufficient  to  set  the  dnuna 

*  Phil.  Ma§.  8. 3.  vol.  xxix.  pp.  181-183. 

t  OommaoMated  by  the  Cfaonical  Societjr}  hsviiw  bssa  road  Msj  4^ 
]846. 
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nUuuiie  after  the  dty  weather  of  the  autumn,  and  coUected 
■ome  m  the  drainage-water,  which  I  eabjected  to  a  partial 
analysis,  the  particulars  of  which  were  described  in  a  paper 

read  by  Dr.  W.  Gregory  at  a  meeting  of  the  Royal  Society, 
Edinburgh,  in  the  early  ])nrt  of  last  year.  The  results  I  then 
obtained,  though  very  incomplete,  were  quite  sutiieient  to 
show  me  that  they  had  a  very  important  bearing  on  agricul- 
ture, and  to  induce  me  to  go  on  with  their  further  investiga- 
tion. 

About  the  usual  quantity  of  rain  had  fallen  during  the  time 
liefeircen  Norember^  when  I  collected  the  firat  aample^  and 
April  SQthy  when  I  obtained  the  aecond^  and  during  the  whole 
of  that  period  the  land  had  hud  ploughed  as  a  winter  fidhyw* 

Immediately  after  the  aeoond  sample  waa  taken  the  field 
waa  prepared  for  seed  and  sown  with  guano  and  barley.  In 
a  few  days  after  (May  16th)  I  was  enabled  to  collect  a  third 
«iample  (of  course  fiom  the  same  drains),  and  haying  auh* 
mittod  them  to  analysis,  the  following  arc  the  results: — 

Second  Sample. — 18  lbs.  of  drainage-water  on  evaporation 
gave  15*2  grs.  of  solid  residue,  or  about  -844  gr.  to  the  pound* 

Organic  matter  and  water  in  combination  3*4 


Silica   0'9 

Silicate  of  alumina   0*4 

Chloride  of  ma^nesiuui   1*12 

Chloride  of  aodiiun  1*8 

Chloride  of  calctum   3*0 

Sulphate  of  alumina  •••««.,  0*85 

Peroxide  of  iron   2*1 

PhoBphate  of  lune  •••••••   .  0*3 

13-87 

nM  Sample, — i  s  lbs.  of  drainage-water  on  evaporation 
gave      gnu  of  aolid  residue,  or  about  1*525  gr*  to  the  pound. 
Organic  matter,  &c   •   •   •  7*8 
Silica   ..••«•••  0*7 
Silicate  of  alumina  •  •  •  •  0-2 
Peroxide  of  iron     .    •    •   •  2*25 
Phosphate  of  magneaia   •   •  1*8 
^ffirrncsia  ?.•-•«••  l'G9 
Chloj  ide  of  sodium      •    .    •  2*615 
Chiui  itle  of  calcium     .    .    .  2*107 
Carbonate  of  lime   ....  2*7 
Phosphate  of  lime  ....  3*1 
Phosphate  of  alumina  .   .   .  0*45 

25*412 


I  should  here  observe  that  the  firat  aampkj  coUected  in 
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November^  after  the  drains  had  been  dry  for  many  weeks 
previous,  contained  2*25  grs.  of  soUd  residue  to  the  pound; 
^rhereas  that  collected  in  the  Ibllawing  April  (No.  2),  after 
the  land  had  been  continually  dreuclicd  by  the  winter'is  rains^ 
only  gave  *844  gr.  to  the  pound. 

On  adding  a  quantity  of  easily  solable  manure  (guano)  to 
the  toil,  the  first  waters  (No.  8)  that  ^»aed  through  not  onfy 
brought  with  them  an  increaaed  quantity  (1*525  cr.  to  the 
pound),  but  they  contained  many  of  tiie  very  ingremeata  that 
con^^tituted  the  value  of  the  manure  itself. 

At  the  time  the  paper  referred  to  was  read  at  the  Royal 
Society,  Kdinburgh,  it  ^\  ns  suggested  that  possibly  the  turbid 
portion  first  discharged  Irom  the  drains  atler  heavy  rains 
might  contaiii  matter  also  \cv\  \aliKil>lc  to  the  soil;  but  on 
comparing  the  subjoined  analysis  with  that  oi  the  drained  soily 
it  appears  to  be  composed  of  the  same  ingredients,  with  a 
decmae  in  the  prt^^wrtion  of  ailica  and  an  incieaae  in  the  lime^ 
both  of  whieh  may  be  readily  aooounted  fyr. 

Analysis  of  Soil  deposit td Jrom  Tui  bid  Drain-Water, 

Silica  ,   .  f^oo 

Silicate  of  alumina  •    •    •    »  17*5 
Pi'otoxide  ot  iron    •    •    •    •  6*5 
Sulphate  of  lime    .    •   •   •  9*4 
Sulphate  of  magnesia  .    .    .  0'75 
Phosphate  of  lime  ....  0*6 

Alumina   .  4*0 

Water,  &a  1*25 

loo-oo 

I  do  not  for  a  monu  lit  wish  to  question  the  value  of  the 
principle  of  ihnrtm(jk  draining ;  that  is  now  I  believe  univer- 
sally admiLlcd  ;  but  if  its  results  are  deemed  so  beneficial  to 
the  farmer  under  the  present  practice,  how  much  more  so 
would  they  not  become,  if  some  remedy  were  devised  cither 
to  prevent  aa  much  aa  poeaible  thia  great  abetraction,  or  else 
to  render  the  enriched  drainage-water  again  available  to  the 
aoil ! 

Thia  Bubject  has  not,  I  find,  escaped  the  obaervant  mind  of 
Liebig,  and  in  fact  forms  the  basis  of  the  '  Patent  Manure' 

according  to  his  specification  in  October  last.  He  has  argued 

theoretically  to  the  same  end,  and  has  jiroffered  a  remedy  in 
the  shape  of  a  m  niurc,  by  his  patent  prot  o>s  rendered  much 
less  soluble  than  l^eiorc,  which  of  course  would  not  be  acted 
upon  so  readily  by  the  percolating  rain-water,  and  would 
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momtqtmAf  femain  fenger  in  the  toil  fat  the  puvpoiaB  of 

vegetation. 

Mr.  Smith  of  Deanston,  a  man  to  whom  practical  agricul- 
ture is  deeply  indebted,  has  8ug:f!:est<Hl  the  npplicution  of  all 
manures  whatsoever  in  a  largely  diluted  ii(|uid  state,  anci  which 
I  am  infbnned  has  l)eeu  most  sucoessiuUy  ap^tUed  on  the 
western  coast  of  Scotland. 

Now  both  of  these  plans  will  most  assuredly  tend  to  lessen 
the  loss  at  present  sustained ;  the  one  by  dimimshing  the 
iolnbility  of  the  manures  employed,  and  the  other  hf  ren- 
dering the  dnmage-weter  again  sveilable. 

But  Bbonld  the  tener  objeoi  to  take  advantage  of  either 
piaii»  it  would  apfiear  expedieiifc  to  avoid  using  as  much  as 
possible  the  very  soluble  maDitfee»  and  insteed  of  giving  his 
land  the  usual  §ood  doee  of  manure  that  is  expected  to  suffii^ 
for  two  or  three  seasons,  to  divide  the  quantity,  and  to  apply 
it  in  as  small  a  proportion  and  as  frequently  as  the  nature  of 
his  crops  will  permit  lum  to  do.  In  such  case  his  crops  will 
get  more  aud  his  ditches  less  than  by  the  present  practice. 


X«  Report  of  Proceedings  in  the  Cambridge  Observatory  relO' 
five  to  the  New  Planet,    By  Professor  Challis*. 

Rf,  Catharine's  Hall  Lodge,  Dec.  13,  1846. 
ri^HE  Syndicate  appointed  to  visit  the  Observatory,  concei- 
viijg  tiie  subject  at  tha  present  time  to  possess  peculiar  in- 
terest, beg  leave  to  submit  to  the  senate  the  following  state- 
ment of  Prof.  Challis,  describing  the  course  of  observations, 
•  founded  on  the  theoretical  calculaiious  of  Mr.  Atlams  of  St. 
John's  College,  and  made  at  the  Observatory,  with  a  view  to 
the  discovery  of  the  new  planet. 

H.  raiLPOT^  Viee-CkwmUor.  O.  Pkacock. 

John  Orahav.      Jaices  CaetmelIm 

B.  Ch  APMAN.  C  H  A s .  W .  GooowiN •  • 

W,  Wheweu*       W.  C.  Mathison, 
JosauA  KiMG.       O*  O.  Stokes. 


At  «  meeting  of  the  Ohservatory  Syndicate,  held  at  the 
Observatory  on  December  4,  for  the  despatch  of  ordinary 

husiness,  a  strong  desire  having  been  expressed  by  the  Vice- 
Chancellor  and  the  members  of  the  Syndicate  generally,  to 
receive  IVom  me  a  special  report  of  observatory  pi  oceeduigs 
relating  to  the  newly-discovered  phmet,  drawn  up  in  such  a 
manner,  and  in  such  detail,  as  Nvoakl  enable  them  to  lay  com- 
plete infoimation  on  the  bubjeci  bcfui\  liie  members  oi  the 
•  Coaunuiiicated  by  PrufL-sHH-  Challis. 

VhiL  Mag,  S.3.  Vol.  30.  No.  iyb.  Jan.  ib47.  D 

t 
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senate^  I  considered  it  to  be  my  duty  at  cmce  to  comply  with 
this  request*  A  new  bod^  of  the  solar  system  has  been  dis- 
covered, by  means  dependmgon  the  furthest  advances  hitherto 

made  in  tlieoveticn]  and  practical  astronoinv,  find  confinning 
in  a  most  reniEu  kablc  manner  the  theory  of  universal  gravita- 
tion. It  is  therefore  on  every  account  desirable  that  the 
members  of  the  senate  should  be  made  fully  acquainted  with 
the  part  which  has  been  taken  by  the  Cambridfre  Observatory 
relatively  to  this  itiiportant  extension  ot  ablrouuinical  science. 
The  observations  1  shall  have  to  speak  of,  and  the  reasons 
Ibr  undertaking  theniy  are  so  closely  connected  with  theore- 
tical calculations  performed  by  a  member  of  this  university 
to  account  for  anomalies  in  the  motion  of  the  planet  Uranoi^ 
that  the  history  of  the  former  necessarily  involves  that  of  the 
latter.  I  hope  that  for  this  reason,  and  becanse  of  the  pecu- 
liar nature  of  the  circumstances,  I  may  be  allowed  to  make  a 
communication  less  formal  and  restricted  in  its  character  than 
a  mere  report  of  observatory  proceedings. 

The  tables  with  which  the  observations  of  the  planet  Uranus 
have  been  uniformly  compared  were  publi-iicl  by  A.  Bouvard 
in  1821.  They  are  founded  on  a  continued  series  of  c  b^  r- 
vations  extending  Irom  1781,  the  year  of  its  discovery,  to 
1821.  Previous  to  1781,  it  had  been  accidentally  observed 
seventeen  times  as  a  fixed  star,  the  earliest  observation  of  this 
kind  beinp  one  by  Flamsteed  in  1690.  Bouvard  met  with  a 
difficulty  in  forming  his  tables.  On  an  attempt  lo  found  them 
upon  the  ancient  as  well  as  the  modem  observations,  it  ap- 
peared that  the  theoretical  did  not  agree  with  the  observed 
course  of  the  planet.  He  thought  this  might  be  attributed  to 
the  imperfection  of  the  ancient  observations,  and  consequendy 
rejected  all  previous  to  1781  in  the  forniation  of  the  tables 
final]}  })ublished.  I'hese  tables  represent  well  enough  the 
ob^^LVvaLiuns  in  the  forty  years  from  1781  to  18*21  ;  but  very 
soon  after  the  latter  year  new  errors  l)e^an  to  show  them- 
selves, which  have  gone  on  increasing  to  tlie  pre  ^(  ut  time.  It  ■ 
was  now  evident  that  the  ancient  observauon^i  had  been  re- 
jected on  insufficient  grounds,  and  that  from  some  unknown 
cause  the  theorv  was  in  fault.  Were  the  tables  calculated 
hmccurately  ?  The  difference  between  observstion  and  theory 
(amounting  in  1841  to  96"  of  geocentric  longitude)  was  too 
greats  and  Bouvard's  calculations  were  made  with  too  much 
care  to  allow  of  this  explanation.  The  effect  of  small  terms 
neglected  in  the  calculation  of  the  perturbations  caused  by 
Jupiter  and  Saturn,  could  not  be  supposed  to  bear  any  con- 
siderable proportion  to  the  observed  amount  of  error.  This 
state  of  the  theory  suggested  to  several  astronomers  the  idea 
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of  disturbanees  omsed  by  an  unducormd  planet  more  distant 

thnn  Uranus.    Bat  tliere  is  no  evidence  of  this  hypothesis 
having  been  pnt  to  ilie  test  of  cHlculatioii  previous  to  1843. 
The  usuai  prol>Iern  ot  pei  tuibations  is  to  find  tiie  disturbing 
action  of  one  body  on  another  by  knowinjr  the  positioiis  of 
both.    Here  an  inverse  problem,  nitlitiiio  un tried,  was  to  be 
solved;  viz.  from  known  dbturbunces  of  a  planci  n\  known 
positions,  to  find  the  place  of  the  diatarbiiifr  body  at  a  given 
time*   Mr.  Adamv  Fellow  of  St  Job&'s  College,  showed  me 
a  memonuidQin  made  in  1841,  recording  his  intention  of  at- 
lenpting  to  solve  this  problem  as  soon  as  he  had  taken  his 
degree  of  B.A.   Accordingly,  after  graduating  in  January 
1843,  he  obtained  an  approximate  solution  by  supposing  the 
disturbin«r  body  lo  move  in  a  circle  at  twice  the  distance  of 
Uranus  from  tiie  sun.    The  result  so  far  satisfied  the  ob- 
served anomalies  in  tiie  niotiuii  ol  Uranus  as  to  induce  him  to 
enter  upon  an  exact  solution.    For  this  purpose  he  required 
re<luced  observations  made  in  the  years  1818-26,  and  le- 
quested  my  intervention  to  obtain  them  from  Greenwich.  The 
Astronemer  Royal,  on  my  appltcatbn,  immediately  supplied 
(Feb.  16, 1814)  ail  the  hdiooentrio  errors  of  Uranns  in  lon- 
gitude and  ladtnde,  firom  1754  to  1880^  completely  reduced. 
Mr.  Adams  was  now  fumialked  with  ample  data  from  obser- 
vation, and  his  next  care  was  to  ascertain  whether  Bouvard's 
Uieoretical  calculations  were  correct  enough  for  his  purpose. 
He  tested  the  accuracy  of  the  principal  terms  of  the  pertur- 
bations caused  by  Jupiter  and  Saturn,  and  conchided  tfinttlie 
stiiall  terms  which  Bouvard  had  not  taken  into  actoutit  would 
not  sensibly  affect  the  final  results,  the  chief  of  them  being 
either  oi  lung  period,  oj  ol  a  period  nearly  equal  to  that  of 
Uranus.  Besides  which  he  introduced  into  the  ilicory  several 
corrsctioiis  which  had  been  derived  from  observation  and  cai- 
colation  by  diflerent  astronomers  since  18S1.  The  ca]cnl»* 
tions  were  completed  in  1848.   In  September  of  that  year, 
Mr.  Adams  placed  in  my  hands  a  paper  containing  numerical 
values  of  the  mean  longitude  at  a  given  epocli,  longitude  of 
perihelion,  eccentricityof  orbit,  mass,  and  geocentric  longitude 
S<'pt.  30,  of  the  supposed  disturbing  })lanet,  which  he  calls  by 
anticipation  **  the  new  planet,"  evidently  showing  the  convic- 
tion in  his  own  mind  of  the  rt  allty  of  its  existence.  Towards 
tlie  end  of  tite  next  month,  a  connnunicalion  of  results  slightly 
different  was  made  to  the  Astronomer  Roval,  with  the  addition 
of  what  was  far  more  important,  viz.  a  list  of  the  residual 
errors  of  the  mean  kngitnde  of  Uranns,  for  a  period  extend- 

ifrom  1690  to  1840b  A^ier  talking  account  or  the  distnrbing 
^oflhe  supposed  planet.  Thai  comparison  of  oheervatioii 
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ivith  the  theory  implied  the  determination  of  all  the  unknown 
quantities  of  the  proUK'm,  both  tlie  corrections  of  the  elements 
oi  Uranus,  and  the  elements  ot  the  distnrl)ing  body.  The 
smallness  of  the  j  esidual  errors  proved  thnt  the  new  ilieory 
was  adequate  lo  the  explanation  ot  the  c»l)sei ved  aniiiaalii  s  in 
the  nioLitiii  ui  Uiunu^i  unci  ihaL  us  die  error  of  longitude  was 
corrected  for  a  period  of  at  least  130  years,  the  error  of  radius 
ip«etor  was  also  oorractecL  As  the  cdcukUoDs  rested  on 
MSiunplioD  made  accGihlinff  to  Bode^s  kW|  thai  the  mean  di» 
stance  of  the  dbturbin|(  planet  was  double  tliat  of  Ufanii^ 
withoat  the  above-'ineiitioiied  nmnerical  verificntion,  no  proof 
was  gifen  that  the  proUem  was  solved,  or  that  the  elements 
of  the  supposed  planet  were  not  mere  speculative  results.  The 
earliest  evidence  of  the  complete  solution  of  at)  inverse  pro* 
bleiii  of  perturbations  is  to  be  dated  from  October  184-5. 

Aithougii  liie  comparison  of  the  theory  with  observntion 
proved  synlhetirnlly  tiiai  Uie  assumed  mean  di^Luiicu  was  not 
very  far  li  uui  ilie  truth,  it  was  yet  dciirable  lo  try  the  eilect 
of  an  alteration  of  the  mean  distance.  Mr.  Adams  accord- 
kgly  went  through  the  same  caleuhilioDS  as  before^  assaming 
a  mean  distance  somethinff  less  than  the  double  of  that  of 
Uranus,  and  obtained  results  which  mdicated  a  better  aoeord* 
ance  of  the  theory  with  observation  \  and  led  him  to  the  con- 
clnsion»  which  has  since  been  confirmed  by  observation,  that 
the  mean  distance  should  be  still  further  diminislied.  This 
second  solution,  tnken  in  conjundion  with  the  first,  mnv  be 
considereil  to  relieve  tlie  quejslioi)  of  every  kintl  of  assunipLioii. 
Tlie  new  cleuients  of  the  disturbing;  body,  and  ilie  results  of 
comparini^  the  observed  with  the  theoretical  mean  !(H)ij;itiit!es 
of  Uranub,  were  coniinunicuted  to  the  Astronomer  Uo^  ul  at  the 
beginniuff  of  September  1 84-6.  These  were  accompanied  by 
numericu  valnes  of  errors  of  the  radius  vedor,  the  Astronomer 
Rogral  having  ini|uired  after  the  reeeption  of  the  first  solniioDy 
whether  the  error  of  radius  vector,  known  to  exist  firom  ob* 
serration^  was  explained  by  tbb  theory.  It  vonld  be  wroii|| 
to  infer  that  Mr.  Adams  was  not  prepared  to  answer  this 
qf^tion  till  lie  had  gone  through  the  second  solution.  Errors 
of  radius  vector  were  as  readily  deducible  from  the  &tiX  soin* 
lion  as  from  the  other. 

The  preceding  details  are  intejuled  lo  j)oint  out  the  circum- 
stances which  led  astronomers  u»  Mispect  the  exi^stence  of  an 
ndditionad  bod^  ui  liie&olar  system,  and  the  theoretical  reasons 
tiicre  were  for  undertaking  to  search  ibr  it.  No  one  could 
have  anticipated  that  the  place  of  the  nnknown  body  was  m* 
dtcaled  witii  any  degree  ofexactnem  by  a  theonr  of  this  kind* 
it  might  feaaenably  be  snpposed*  epitlwat  at  all  miiiniilan§ 
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the  evidenoe  which  the  theory  geve  of  the  exuUnce  of  the 
plenety  that  its  position  was  determined  but  roughly,  and  that 
a  search  for  it  must  oecessarily  be  lontv  and  laborious.  This 
was  the  view  I  took,  and  consequently  I  had  no  thought  of 
commencing  the  sejirch  in  1 8i5,  tlie  planet  being  considerably 
past  opposition  at  the  time  Mr.  Adams  completed  his  cnlcu- 
ialions.  The  succeeding  interval  to  midsummer  of  184-6 
was  a  pel  ioil  of  great  astroiuMiiiciil  activity,  the  planet  Astraea, 
Bieia'a  duiibU  comet,  and  several  other  comets  successively 
demandingj  attention.  During  this  time  I  had  little  commu- 
nication witli  Mr.  Adams  respecting  the  new  planet.  AtCen* 
tion  was  again  called  to  the  subject  by  the  publication  of  M« 
Le  Verrier's  first  researches  in  the  Comptcs  Rendns  for  June  I» 
1846.  At  a  meeting  of  the  Greenwich  Board  of  Visitors  held 
on  June  29,  at  which  I  was  present,  Mr.  Airy  announced  that 
M.  Le  Verrier  Imd  obtained  very  nearly  the  same  longitude  of 
the  supposed  f^lam  t  as  that  given  by  Mr.  Adams.  On  July  9 
I  recLived  a  letter  from  Mr.  Airy,  in  which  he  suggested  em- 
ploying the  Northumberland  telescope  in  a  systematic  search 
for  liie  |)iiuiet,  utiei  ing  at  the  same  time  lo  send  an  assibluiii: 
from  Greenwich  in  case  I  declined  undertaking  the  obser?»» 
tioDt.  Thii  letter  was  followed  by  another  dated  July  1% 
containing  suggestions  respecting  the  mode  of  conducting  the 
observationsi  and  an  estimation  of  the  amount  of  work  they 
mi^ht  be  expected  to  require.  In  my  answer,  dated  July  18, 
I  signified  the  determination  I  had  come  to  of  undertaking 
the  search.  Various  reasons  led  me  to  this  conclusion.  I 
had  already,  as  Mr.  Adams  can  testily,  entertained  the  idea 
of  making  these  obs.i  i  \  aiions  ;  liie  most  convenient  time  for 
commencing  them  wua  now  approaching;  and  the  confirma- 
tion of  Mr,  Adams's  theoretical  position,  by  the  calculations 
of  M.  Le  Verrier,  appeared  to  add  very  greatly  to  the  proba* 
bility  of  success.  I  had  no  answer  to  make  to  Mr.  Airy's 
ofier  of  sending  an  assistant,  as  I  understood  the  acceptance 
of  it  to  imply  the  relinquishing  on  my  part  of  the  undertaking. 

I  have  now  to  speak  of  tlie  observations*  The  plan  of 
operations  was  formed  mainly  on  the  suggestions  contained 
in  Mr.  Airy*s  note  of  July  13.  It  was  recommended  to  sweep 
over  three  times  at  !r:ist,  a  zodiacal  belt  30^^  long  and  10° 
broad,  having  the  theoretical  place  of  iht  planet  at  its  centre  ; 
to  complete  one  sweep  before  coiiinieiicmg  the  next ;  and  to 
map  the  positions  of  the  stars.  The  three  sweeps,  it  was  cal- 
culated! would  take  300  hours  of  observing.  This  extent  of 
work*  which  will  serve  to  show  the  idea  entertained  of  the 
difficulty  of  the  undertaking  before  the  planet  was  discovered, 
did  not  appear  to  me  greater  than  the  ease  required*  It  will 
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be  seen  that  the  plan  did  not  oonleinplate  the  use  of  hour  xxi. 
of  the  Berlin  star-maps,  the  publication  of  which  was  eqoally 
unknown  at  that  time  to  Mr.  Aiiy  and  myself.  It  may  fala 
proper  here  to  explain,  that  the  construction  of  a  good  star- 
map  requires  a  great  nmotmt  of  lime  and  labour  both  in  ob- 
serving and  calculating,  and  iliat  precisely  this  sort  of  labour 
mml  he  none  throufrli  to  conduct  a  search  of  iUe  kind  I  had 
undei  taken.  The  siai  s  must  first  be  mapped  before  t!ie  search 
can  properly  be  ^aid  to  begin.  With  a  map  reatly  niade,  ihe 
detection  of  a  moving  body,  as  it  liappened  in  this  instance, 
might  be  effected  on  a  comparison  of  the  heavens  with  the 
map  by  mere  inspection.  Not  having  the  advantage  of  such 
a  map,  I  proceeded  as  Ibllows,  I  noted  down  very  approxi- 
mately the  positions  of  all  the  stars  to  the  1 1th  magnitttde, 
that  could  be  conveniendy  taken  as  they  passed  through  the 
field  of  view  of  the  telescope,  the  breadth  of  the  field  with  a 
magnifying  power  of  166  being  9',  and  the  telescope  being  in 
a  fixed  position.  When  the  stars  came  thickly,  some  were 
necessarily  allowed  to  pass  without  recording  their  places. 
Wishiijg  to  include  all  stars  to  the  11th  niairnitude,  1  pro- 
posul  m  going  over  the  ^nme  region  a  -ecoiui  time,  to  avail 
myself  of  an  anangeiiicaL  peculiar  to  the  Noriliumberland 
eouatoreal,  the  merit  of  inventing  which  is  due  to  Mr.  Airy. 
The  hour-circle,  telescope  and  polar  frame,  are  moveable  by 
clock-work,  which  may  be  regulated  to  sidereal  time  nearly. 
While  this  motion  is  going  on,  the  telescope  and  polar  frame 
are  moveable  rektHvclj/  to  the  hour  drde^  by  a  tangent-screw 
apparatus,  and  a  handle  extending  to  the  observer's  seat  This 
contrivance  enables  the  observer  to  measure  at  his  leisure di^ 
ferenoes  of  right  ascension  however  small,  and  therefore  meets 
the  case  of  stars  coming  in  groups.  The  observations  made 
by  this  method  iniglit  include  all  the  stars  it  was  thought  de- 
si  rnhle  to  take,  and  therelbre  might  include  ^// t]>e  stars  taken  in 
the  lirst  sweep.  The  discovery  of  t!ie  planet  would  result  f  rom 
finding  that  any  star  in  the  iirat  sweep  was  not  ui  its  position  in 
the  second  sweep.  If  two  sweeps  failed  in  detecting  the  planet 
among  ilic  sUus  of  tlie  hrst  sweep,  it  might  be  among  the  stars 
of  the  second,  which  woold  be  decided  by  taking  a  third  sweep 
of  the  same  kind  as  the  second.  It  will  appear  diet  this  plan 
carried  out^  would  not  only  detect  die  plane!  if  it  were  in  the 
region  explored*  but  would  also,  in  case  of  fitilure*  enable  the 
omerver  to  pronounce  that  it  was  not  in  that  region.  The 
second  mode  of  observing  recniired  the  aid  of  my  two  assist- 
ants, Mr.  Morgan  and  Mr.  breeui  in  reading  off*  and  record- 
ing the  observations. 
X  commenced  observing  July  89|  employing  on  that  day 
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th«  first  method,  with  telescope  fixed.  The  next  day  I  ob» 
served  eecording  to  the  second  methodt  with  telescope  moving. 
On  Aug.  4,  the  telescope  was  fixed  as  to  right  ascension,  but 

was  moved  in  (leclination  in  a  zone  of  about  IQf  breadth,  the 
intention  of  tlie  observations  of  ihnt  dnv  bcin/2;  to  record  points 
of  reiierence  for  the  zones  of  9'  breadtii.  On  An;;.  12,  the 
fourth  day  of  obstrving,  I  went  over  the  same  zone,  telescope 
fixed,  as  on  July  30  with  telescope  moving.  ISoon  after, 
Aug.  12,  I  conipiiied  Lu  a  ceiLain  extent,  the  observations  of 
that  day  with  the  observations  of  July  SO,  taken  with  telescope 
moving  \  and  finding,  as  far  as  I  carried  the  comparison,  that 
*  the  positions  of  July  SO  included  aU  those  of  Aug.  12, 1  felt 
convinced  of  tlie  adequacy  of  the  method  of  search  I  had 
adopted.  The  observations  were  continued  wilh  diligence  to 
Sept.  29,  chiefly  with  telescope  fixed,  and  were  made  early  in 
right  ascension  for  the  pnrpose  of  exploring  as  large  a  space 
as  possible  before  1  should  be  compelled  to  desist  by  the  ap* 
proach  of  daylight.  On  Oct.  1,  1  heard  that  the  planet  was 
discovered  l)v  Dr.  Galle  at  Berlin,  on  Sept.  23.  I  hnJ  then 
recorded  3\oO  pobiuons  ol  ^Uu  s,  and  was  making  preparations 
for  mapping  them.  The  following  results  were  obtained  by 
a  discussion  of  the  observations  after  the  announcement  of  the 
discovery. 

On  continuing  the  comparison  of  the  observations  of  July 
SO  and  Aug.  12,  1  found  that  No.  49,  a  star  of  the  8th  mag- 
nitude in  the  series  of  Aug.  12,  mu  ^Banting  in  the  series  of 
tluly  30,  According  to  the  principle  of  the  search,  this  was 
the  planet.  It  had  wandered  into  the  zone  i?i  the  interval 
between  .Inly  '^0  nm\  Aug.  12.  I  had  not  contnuied  the  for- 
mer comparison  beyurul  No.  39,  probably  from  the  accidental 
circumstance  that  a  line  was  there  drawn  in  the  memorandum 
book  in  consequence  of  the  interruption  of  the  observations 
by  a  cloud.  After  ascertaining  the  place  of  the  planet  on 
Aug.  12, 1  readily  inferred  that  it  was  also  among  the  refer- 
ence stars  taken  on  Aug.  4.  Thus,  after  four  davs  of  obser> 
ving  two  positions  of  the  planet  were  obtained*  This  is  en- 
tirely to  be  attributed  to  my  having  on  those  days  directed 
the  telescojie  towards  the  planet's  theoretical  place,  according 
to  instructions  given  in  a  paper  Mr.  Adams  had  the  kindness 
to  draw  up  for  me.  I  would  also  hc^r  to  call  attention  to  the 
fact,  that,  after  Aug.  12,  the  planet  was  discoverable  by  a  closet- 
comparison  of  the  observations;  a  method  of  ()l)serving,  de- 
pending on  novel  and  ingenious  njechanibui,  having  been 
adopted,  by  which  I  oonld  say  of  each  star,  to  No.  48,  <  This 
is  not  a  planet,'  and  of  No.  49, '  This  is  a  planet.'  I  lost  the 
opportunity  of  announcing  the  discovery  by  deferring  tlie  die- 
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emsion  of  the  obier?8tioii%  beins  much  ooenfiM  with  reduc* 
tions  of  comet  obiemtioiis^  ana  Jittie  ratpecting  that  the  in* 
dicatknis  of  theory  were  aoeorate  enough  to  give  a  chance  of  i 
discovery  in  so  short  a  time.    On  Sept.  29,  I  saw  for  the  first  | 

time  the  cotnmunication  presented  by  M.  T.e  Verrier  to  the 
Paris  Academy  on  Aug.  'M.  I  wns  nmcli  struck  with  the  ! 
nianiiLT  in  which  the  author  limits  ihe  field  of  observation, 
nntl  with  his  recommending  the  endeavour  lo  detect  the  planet 
by  its  disc.  Mr.  Adams  had  already  told  me,  that,  according 
to  his  estimation,  the  piauei  would  not  be  less  bright  than  a 
stftT  of  the  ninth  nuurnitiide.  On  the  nine  evening  I  iwept  • 
considenble  braedu  in  dedination,  between  die  limits  of 
right  asoeniion  marlted  out  by  M.  Le  Verrier,end  I  paid  par* 
ticnler  attention  to  the  physioil  appeartnee  of  the  brighter 
stars.  Out  of  900  stars,  whoee  positione  I  recorded  that 
Dight,  I  fixed  on  one  which  appeared  to  have  a  disc,  and  which 
proved  to  be  the  planet.  This  was  the  third  time  it  was  ob- 
served before  the  announcement  of  the  discovery  reached  me. 
Thrs  last  observation  mav  be  regarded  as  a  di<^covery  of  the  « 
planet,  (hie  to  the  (ieliiiition  of  the  noble  instninient 

which  we  owe  to  the  muniiicence  of  our  Chancellor. 

From  the  reduced  places  of  the  planet  on  Aug.  4  and  Aug.  j 
12,  and  from  obaervaiions  since  its  discovery  txiending  to 
Oct.  IS,  Mr.  Adams  calculated,  at  my  request,  values  of  its  ^ 
heliocentric  longitode  at  a  given  epoch,  its  actual  distance  ^ 
firoin  the  son^  longitade  of  the  node^  and  inclination  of  the 
orbit,  which  were  published  as  early  as  Oct.  17.  I  em  now  * 
diligently  observing  the  planet  with  tne  meridian  instruments ;  ^ 
and  when  diqri%ht  prevents  its  being  seen  on  the  meridian,  I 
propose  carrying  on  the  observations  as  long  as  possible  with 
the  Northumlienand  eqimtoreal,  for  the  purpose  of  obtaining 
data  for  a  further  approximation  to  the  elements  of  the  orbit. 

My  report  ot  proceedings  relating  to  the  planet  here  termi- 
nates. 1  beg  perniis'«ion  to  add  a  few  remarks,  whleh  the 
fkcts  I  have  -staled  i>eeni  lo  call  for.  It  will  appear  by  liie 
above  account  that  my  bucces^  might  have  been  complete  if  I 
had  trusted  more  implicitly  to  the  indications  of  the  theory. 
It  most  however  be  remembered  that  I  was  in  qnite  a  novel 
positicm:  the  history  of  astronomy  does  not  aflora  a  parallel 
loatance  of  observations  undertaken  endrely  in  relisnoe  npcn 
deductions  from  theoretical  catcolatioos,  and  those  too  of  a 
kind  before  nntried.  As  the  case  stands,  a  very  promhient 
part  has  been  taken  in  the  University  of  Cambridge,  with  re- 
ference to  this  extension  of  the  boundaries  of  astronomical 
science.  c  may  certainly  assert  to  be  fiicts,  for  which  there 
is  documentary  evidence^  tliat  tlie  problem  of  dslerminiqg  i 
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from  perturbations  the  unknown  place  of  the  disturbii^  body 
was  first  solved  here;  that  the  planet  was  here  first  sought 
for ;  that  places  of  it  were  here  first  recorded ;  and  that  ap* 
proximate  elements  of  its  orbit  were  liere  first  deduced  from 
observation.  And  that  nil  tins  may  be  said  i^^  entirely  due  to 
tlie  talents  and  labours  of  one  individual  among  us,  who  has 
at  once  done  honour  to  the  University  and  maintained  the 
scientitic  reputation  of  the  country.  It  is  to  be  regretted  that 
Mr.  Adams  was  more  intent  upon  bringing  his  calculations  lo 
perfection,  than  on  estaUli&hiii^  his  claims  to  priority  by  early 
pnUlcslbn.  8om  m$sf  be  oropinioiit  that  iu  placing  b^fon 
the  first  astronomer  of  the  kingdom  results  which  showed  that 
he  had  completed  the  solution  of  the  problem,  and  by  whicli 
be  wmsi  m  a  mamier,  pledged  to  the  prodootion  of  his  cakn* 
klionsy  there  was  as  much  pnblication  as  was  justifiable  on  the 
part  of  a  mathematidan  wliose  name  was  not  yet  before  the 
world,  tlie  theory  beinpr  one  by  which  it  was  possible  the  prac- 
tical aslroiinmer  might  be  misled.  Now  that  success  has 
nltentied  a  ciillerent  coursf,  this  will  probably  not  be  the  ge- 
neral opinion.  I  should  considi  r  myself  to  be  hardly  doing 
justice  to  Mr.  Adams,  li  i  did  not  take  Lids  opportunity  of 
stating,  from  the  means  1  have  had  of  judging,  that  it  was 
impossible  for  any  one  to  have  comprehended  more  iUUy  and 
deatlj  all  the  parts  of  this  intricate  problem ;  thai  he  care* 
fttllv  considenn  all  that  was  necessary  Ibr  Its  eiact  solution; 
and  that  he  bad  a  firm  oonfiotion»  from  the  results  of  his  cal- 
culations, tbata  planet  was  Id  be  found* 


XI.  On  (he  Maximum  Dcmity  of  Water, 
By  James  P.  Joule,  Esq,  and  Dr.  Lyon  Playfair*. 

IN  all  researches  on  specific  rFravity  the  selection  ol  a  pro- 
}>er  standard  ot  coujpari^sOii  is  a  uiatter  ol  great  importance. 
For  obvious  reai^^ons  water  has  been  nniversally  selected  as 
ibis  standard ;  but  a  diversity  of  opinion  has  been  enter- 
tained as  to  the  temperature  at  which  the  gravity  of  water 
should  be  called  nni^«  Henee,  whilst  onr  continental  neigh- 
bours b«re  adopted  the  fieezing  temperature,  our  own  ooun^ 
trymen  have  generally  chosen  the  temperature  of  60^  Fahr« 
Water  at  60°  cannot  be  a  desinible  atandard,  on  account  of 
ita  high  rate  of  eipansion  at  that  temperature ;  and  for  the 
same  and  other  reasons  the  temperature  of  32^  is  not  at  ail 
more  convenient.  Wc  conrrivc  timt  it  would  be  much  more 
philosophical,  and  lead  to  many  practical  advantages^  if  water 

*  CommoDlcated  Igr  the  Gieniieal  6ocle^$  hsftogbeflaiestl  AprR  SO, 
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at  ite  maximum  density  were  taken  as  the  unit*.  In  that 
case,  calculations  would  often  be  greatly  facilitated ;  and  if 
the  temperature  of  the  water  should  happen  to  be  a  degree 
under  or  over  the  maximum  point  in  any  experiment,  the  ex- 
treme slowness  of  the  expansion  would  avert  the  possibili^ 
of  a  grave  error. 

Intending  to  give  still  greater  accuracy  to  our  future  ex- 
periments, we  deem  the  present  a  favourable  opportunity  for 
fixing  upon  a  good  mut  of  oomparieon.  We  propose  there- 
fore to  occupy  the  present  series  with  a  brief  discusBion  as  to 
the  point  of  temperature  at  which  water  arrives  at  its  state  of 
greatest  density. 

Although  a  variety  of  methods  have  been  employed  in  the 
investigation  of  this  subject,  they  may  be  classified  under  two 
general  heads.  The  first  of  these  embraces  all  the  methods 
involving  the  necessity  of  an  accurate  acquaintance  with  the 
rate  of  the  expansion  of  some  solid  body  by  heat.  The  in- 
quiry, when  made  in  this  way,  is  one  of  great  difficulty,  and 
has  occupied  the  attention  of  many  of  our  most  accurate  ex- 

eirimeuters.  The  Florentine  Academicians,  Croune^  Deluc, 
slum,  and  others,  compared  the  indications  of  a  therm<mieter 
filled  with  water  with  one  fiUed  with  mercury  y  Iiefevre 
Gineau  and  HaUstrom  weighed  a  solid  body  in  water  at  dif- 
ferent temperatures ;  and  Blagden  and  Gilpin  measured  the 
variation  of  volume  by  the  variation  of  the  weight  of  water 
contained  in  the  same  vessel  at  different  temperatures. 

The  other  general  method  does  not  require  a  previous  ac- 
quaintance with  the  expansion  of  a  solid  by  heat :  it  consists 
virtually  in  weighing  water  in  water — the  heavier  water  de- 
scending, while  the  lighter  ascends  to  replace  it.  This  prin- 
ciple was  introduced  by  Dr.  Hope,  who  applied  it  in  the 
following  elegant  manner:— >He  filled  with  water  at  difarent 
temperstmns  tall  glass  jars  having  thennometcfs  at  top, 
middle  and  bottom*  In  this  wav  he  observed  that  whan 
water  was  cooled  down  to  40°  at  the  surface,  it  sank  to  the 
bottom ;  and  when  cooled  below  40^  at  the  bottom,  it  rose 
again  to  the  surface.  Tralles,  Count  Rumford,  Ekstrand  and 
Dcsprctz  have  repeated  Hope's  experiment  with  a  similar 
apparatus. 

Believing  that  the  second  general  method  is  susceptible  of 
a  far  greater  degree  of  accuracy  than  the  first,  we  at  once  de- 
termined to  employ  it  in  oui'  own  experiments.  The  particular 

•  Sitjce  this  paper  was  communicRted  to  the  Society  we  have  seen  the 
Aitnuaire  du  Bureau  de$  Longitudes  for  1 845,  in  which,  under  tlie  high  au- 
Ihoiri^  of  Ai«g«s  wnlar  at  iti  point  of  masiiBiini  dsniiqr  !■  mtomtA,  m  tho 
unit  nr  oonpsfkoB. 
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apparatus  of  Dr.  Hope  did  not  however  appear  to  us  to  pte- 
aent  the  method  in  a  tem  calculated  to  give  mults  of  great 

accuracy ;  and  hence  we  have  found  it  necessary  to  devise  a 
new  instrnment  cnmbininp;  all  the  theoreticaladvantasca  with 
the  i  i  (juisite  tacilities  lor  exact  observation. 

Our  instrument  is  represented  in  the 
iiccompanyiug  sketch,  a  a  are  two  up- 
right vessels  of  tinned  iron,  each  4^  feet 
high  and  G  inches  in  diameter :  they  are 
connected  at  the  bottom  bj  means  of  a 
brass  pipe  furnished  with  an  accurately 
wrotu^t  stop-cock.  This  pipe  is  ahog^her 
6  inches  long,  and  enters  1  inch  within 
each  vesseL  When  the  stop-cock  is  opened 
a  clear  passi^  of  1  inch  diameter  through- 
out forms  a  communication  between  the 
vessels.  A  rectangular  trough  of  tinned 
iron,  c,  G  inches  long,  1  inch  broad,  and 
1  inch  deep,  forms  a  communication  be- 
tween the  tops  of  the  vessels.  In  the 
niidtile  of  this  trough  there  is  a  shdc,  by 
means  of  which  the  motion  of  a  current 
alon^  the  trough  can  be  stopped  when 
reqnistte. 

The  vessels  were  soppoiied  in  two  pbces  by  means  of  the 

wooden  bi  ackets  d  and  in  order  to  prevent  the  greater  than 
desired  effisot  of  the  atmosphere  in  rawing  <»- depressing  their 
temperature,  they  were  completely  covered  with  hayoanda. 

During  the  experiments  the  instrument  was  placed  upon  a 
tripod  stool  resting  upon  a  support  quite  independent  of  the 
floor  of  the  IflboratcMry^  in  ordier  to  keep  it  entirely  free  from 
vibration. 

Aow  if  the  two  vessels  be  filled  with  water  arul  rn nde  to 
communicate  with  one  another  by  opening  the  btop-cock  and 
removing  the  sUde^  it  is  evident  that  a  current  will  tend  to 
flow  throii|;h  the  trongfa  oonnectinff  the  tops  of  the  veasels^ 
if  Uie  density  of  the  water  in  one  of  the  vesseb  be  In  the  least 
degree  greater  than  that  of  the  water  in  the  other  Yeaael* 
Although  the  changes  in  density  are  very  minute  near  the 
maximum  point,  the  extreme  mobili^  of  floids  led  us  to 
expect  that  we  might  in  this  way  arrive  at  an  exact  and  in- 
controvertible result. 

The  theriimmetf  rs  employed  by  iis  were  of  extreme  accTi- 
racy,  having  been  calibrated  througliout  their  whole  length, 
and  their  delieacy  was  such  as  to  indicate  a  change  of  tempe- 
rature considerably  less  than  j^th  of  a  degree  Fahrenheit. 
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The  freezing-points  of  the  thermooMflm  were  carefoUkjr 
termined  within  a  few  houn  of  the  experiments.  Each  vessel 

was  furnished  with  a  stirrer,  consisting*  of  a  disc  of  tinned 
iron  4  inches  in  diameter  attached  to  the  end  of  a  slender  rod 
of  iron,  by  mt  aiis  nf  which  the  water  was  thorou^^JT  Stirred 
before  each  deLenninution  of  temperature. 

Ill  order  to  measure  the  motion  of  the  water  in  the  trough 
connecting  the  tops  of  the  vessels,  a  hollow  glass  ball  of 
about  three-eighths  of  an  inch  diameter  was  placed  in  it«  The 
weight  of  this  glaM  ball  wai  carefolly  adjuited  eo  at  ooljr 
just  to  float :  a  matter  of  great  importaooe^  aa  the  alighteat 
Duoyancy  ia  acoompaaied  by  a  certain  dM^ree  of  capillary  at- 
traction, and  makea  the  baU  liMt  to  adhere  to  the  aidea  of 
the  trough. 

The  waier  employed  in  the  experim^ts  was  distilled  by 
ourselves  in  c\onn  vessels  of  tinned  iron ;  and  the  additional 
precaution  was  taken  to  preventy  as  far  as  posaible,  the  aoli^ 

lion  of  air. 

Our  method  of  experimentin[r  was  as  follows: — Having 
filled  the  vessel  with  distilled  water  at  a  temperature  of  about 
37%  wc  increased  the  temperature  of  one  oi  the  vessels  to 
41^*5  by  the  addition  of  a  small  quantity  of  hot  distilled  wator* 
We  then  phced  two  delicate  mermometera  upon  a  proper 
atandy  so  tnat  their  bulba  dipped  in  the  water  to  the  dqith  of 
6  inchea.  Having  then  eloeea  the  etop*cock  and  adjusted  the 
alide,  we  stirred  the  water  in  each  vessel  tfaoroughlj^  and 
noted  the  tenperaturea  indicated  by  the  thermometerat  The 
stop-cock  ^vas  then  opened  and  the  slide  carefully  removed 
from  thr  troMfrh.  After  waiting  three  minutes  the  plnss  ball 
was  put  Into  the  trough,  and  its  motion  watched  for  two  or 
three  minutes  with  the  help  of  a  praduatcd  rule  placed  at  the 
top  of  the  trough.  In  condusion,  the  stop-cock  "^v  as  again 
turned,  the  slide  readjusted,  tlie  water  stirred,  and  the  tem- 
peratures again  noted.  The  mean  of  the  temperatures  thus 
obeerved  before  and  after  eadi  trial  of  the  vdodty  of.the  ear- 
vent  was  taken  aa  the  temperature  of  the  obaenratiotu 

The  following  table  oontaina  the  leaulta  of  a  aeriea  of  ob» 
servatkma  takmi  in  the  above  manner*  Tka  tempefatnre  of 
the  laboratory  being  aboitt  88%  the  water  in  the  warmer 
vessel  cooled  down  more  rapidly  than  the  water  in  the  other 
vessel  increased  in  temperattirc ;  and  therefore  after  two  or 
three  hours  had  elapsed,  the  water  in  the  cooler  vessel  was 
found  to  have  acquired  greater  bnoyancy  than  that  in  the 
warmer  vessel,  althoiis-h  at  the  commencement  of  the  experi- 
ments the  current  indicated  a  greater  degree  of  buoyancy  in 
the  warmer  water. 
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Tempentun  of 
the  water  in 

Tem|i«tsture  of 
the  water  In 

Mean  of  dM 

temgenturei^ 

T^^todtf  of  fte  rarmt  hi 

2K0  from  tlic  uarmttVCiad 

41129 

37-368 

99-348 

840  ditto 

40-869 

37-363 

i9*16l 

20  ditto 

40-905 

;J7  368 

30- 136 

8  ditto 

40711 

37  317 

39014 

40  from  the  oooler  mud 

\Vc  could  hardly  have  anticipated  more  satisfactory  results 
than  those  of  the  above  table.  Thejr  show  clearly  that  while 
mter  at  a  tempcrabire  of  4(f '905  is  lighter  than  water  at  a 
temperature  (^37^S68>  water  at  40^*7 1 1 heavier  than  water 
at  37^317:  in  other  words,  that  39^*136  is  above,  whilst 
3S^14  is  helow  the  maximum  point  Bj  drawing  a  curve 
from  the  results,  we  find  that  the  exact  point  of  maximum 
density  indicated  by  the  above  series  of  obserrations  is 
39°- 10^?, 

During  the  next  scries  of  obsen^ations  the  temperature  of 
the  laboratory  was  about  41°,  whirh  occasioned  a  gradual  in- 
crease of  the  temperatures  of  botii  vessels* 

Series 


Temperature  of 
tibe  water  in 

Tteroperttturc  nf 
the  vkitcf  in 
the  esolar 

Mean  of  the 
tempCTatuics  of 
Uw  two  riwiih. 

VtfMi^  ef  the  enireot  bi 

40*712 
40-7AS 
40-773 

3/-3fiS 
37-4^ 
37-470 

3'.K(-.ri 

39-089 
39-121 

22  from  xhc  cooler  vessel 
8  ftam  th»  warmer  vend 
60  ditto 

Hie  pamt  of  fliasimiim  density  indieated  by  thk  aeoond 
asriea  ofobservationa  is  39^8. 


Series  3. 


TempcnlaN  af 
tlw  watglw 

vessel. 

Temperature  of 
tb*  wfttcr  in 
tiMcsakr 
▼e»sel. 

Bfcmt't  ol  the 
tciiijh'  rutiirr^  of 
the  tw<o  rewmdm. 

4(^332 

3^633 

3^-982 

70  from  the  cooler  vessel 

40-402 

37-682 

asjoit 

80 

ditto 

49^ 

37709 

390<i7 

60 

40-440 

37  71.1 

39-092 

8 

40-.11S 

37-7yi 

39-120 

30 

ditto 

40-4«;7 

37K;f7 

311152 

12  A« 

:!7  S7:? 

3U178 

30 

ditto 
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The  point  of  maximum  density  indicated  by  tlie  above 
•eries  will  be  situated  at  about  39^*134. 

We  now  proceeded  to  npplv  a  severer  test  to  onr  met"hod. 
In  tlic  next  series  of  experiments  we  arranged  matters  so  tluit 
the  temperature  of  the  water  in  one  vessel  was  only  a  degree 
and  a  half  higher  than  that  of  the  other  vessel.  The  expan- 
sion of  water  inci'easing  as  the  square  of  the  temperature  from 
that  of  the  maximum  density^  it  was  obvious  that  the  current 
in  the  trough  would  be  mudi  more  fiseble  than  in  the  former 
flxperimenta.  We  therefore  aUowed  the  vessels  to  be  in  per- 
fect repose  for  six  minutes  before  we  introduced  the  glass 
ball^  and  we  afterwards  watched  its  motion  for  four  or  fife 
minutes* 

Series  4. 


Teaaperature  of 
the  water  in 
Ibe  wumcr 
Tend. 

Tcmpermture  of 
th«  water  in 
the  cooler 

Mean  of  the 
teinjx'rature*  of 

the  t'vo  vr««.r!>i. 

Vdoritj  of  the  current  In 
inehet  per  hour. 

39-921 
39-864 

39-783 

38-.182 
.38-:i32 

3!»^151 

3i>-i3n 

39-091 

3')  O'lZ 

30  from  the  wanii«r  ircnd 

0 

0 

2.i  from  the  cooler  Vf<«;r!. 

The  position  of  the  j^oint  of  maximum  density  according 
to  the  above  fourth  series  of  experiments  will  be  at  39^-091* 

e 

I.  Point  of  maximum  density  of  pure  water  39102 
II.  39-078 

III.  39-134 

IV.  39-091 

Mean  ...  39101 

Although  in  the  different  series  of  observations  there  are 
several  irregular  results^  there  is  on  the  whole  sufficient  con- 
sistency among  them  to  enable  us  to  receive  39*^*1,  tlie  mean 
of  the  four  sets  of  observations,  as  the  actual  point  of  maxi- 
mum density.  We  think  it  highly  probable  that  this  tem- 
perature is  within  one-hundredth  of  a  degree  of  the  truth  : 
it  certainly  caouot  be  more  than  one-tweutieth  of  a  d^;ree  in 
ernMT.  We  were  prevented  bj  the  mildneas  of  the  season 
from  extending  the  experiments  further,  but  we  doubt  not 
that  bgr  repeating  them  more  frequently  we  should  be  able  to 
bring  the  determination  of  the  point  to  any  required  degree 
of  accuracy.  The  result  arrived  at  by  Desprets  from  a  very 
extensive  series  of  experiments,  with  an  apparatus  similar  to 
that  employed  by  Hope»  is  39^*176    which  agrees  very  well 

•  i^^HMbi  d»  Oltetf.  1839,  t.  bo.  p.  4S. 
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M'ith  our  detormination.  But  other  results,  such  as  those  of 
Hallstrom  39°-38,  Blagden  and  Gilpin  39%  Hope  39°-5, 
Deluc  41'',  Lefebvre  Gineau  4(f ,  Dalton  38%  Rumfoyd  38°-8, 
Muncke  38°-804,  Stampfer  38^*75,  &c.,  show  by  their  dis- 
cordance with  one  another,  and  their  disagreement  with  our 
rcsuh,  the  httle  dependence  which  can  in  general  be  placed 
on  the  results  of  former  methods. 

We  bclit AC  that  our  new  method  may  ho  apphed  with  ^reat 
advantiige  to  ii  varicly  ot  iiiteresting  problems.  One  ot  the 
most  imnortant  of  these  applications  is  the  determination 
of  the  duaiUi^  of  gl«M  buUNi  heo^  which^  thouarh  fiMu 
merly  preaentbg  great  pnicticsl  difficultiea»  can  now  be  eo« 
oompliahed  in  the  most  simple  and  deoiaive  manner.  The 
Imlb  has  only  to  be  filled  wiui  pare  water  and  leduoed  sno* 
cessively  to  two  temperatures,  one  as  much  above  as  the 
other  is  below  the  point  of  maximum  density — the  rise  of  the 
Hquid  in  the  stem  of  course  indicates  the  contraction  of  the 
glass  in  passing  from  the  higher  to  the  lower  tempcrnture. 
The  expansion  of  the  glass  bulbs  being  thus  accurately  ascer- 
tained, they  may  be  advantageously  applied  in  determining 
the  ililutations  oi  solutions  and  other  liquids. 


XII.  Oh  a  peculiar  Organ  found  in  the  liays  (Uaia^  Cuv.), 
ByM.  LB  Ihi.  Ch.  Robin*. 

'T^IIERE  exists  upon  each  side  of  the  tail  of  thu  Kays  an 
organ  which  is  not  mentioned  in  any  of  the  woiks  which  I 
ba?e  hitherto  been  abk  to  eonralt  This  apparatoa  nowever  de- 
aerm,  on  more  than  one  aceotmt,  to  attract  the  attention  of 
ph^iologisto,  and  probably  of  physicists  also. 

The  two  orprans  united  form  nearly  the  third  of  the  entire  bulk 
of  the  tail  of  the  Kays.  The  bulk  of  each,  at  its  largest  part,  ia  in 
one  of  these  fishes  of  an  average  size,  nearly  that  of  the  index-finger. 
Their  origin  is  towards  the  union  of  tlu'  first  and  second  quarter 
of  thr  randnl  appendage  of  the  Ivays,  and  they  terminate  in  a  point 
at  the  exircniity  of  tlie  latter.  Their  anterior  extremity  is  soft 
and  more  or  ies.s  uJer,  according  to  different  individuals :  it 
swells  gradually  as  far  as  the  middle  of  the  tail  of  thejc  fishes; 
the  vohuuc  remains  the  suuic  us  fur  as  the  origin  of  the  posterior 
quarter,  whence  it  diminishes  finally  to  the  end.  This  organ  ia 
at  first  almoat  cylindrical,  though  a  little  flattened  on  the  aides 
(to  about  the  extent  of  the  anterior  quarter) ;  m  the  whole  of 
that  part  it  is  enveloped  by  several  thin  and  concentric  mnacalar 
lajera.  llicae  miudea  soon  terminate  in  aa  many  aponeurotic 
layers;  the  oigan  then  becomes  anbcutancous,  and  at  the  same 
time  its  form  ehangea,  becoming  round  externally  and  flattened 
*  FlNND  the  Aaoals  and  Mafuiae  of  NaCitial  Hteoiy  for  Jaaoaiy  1847. 
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witWn.  In  a  word,  tiiia  organ,  separated  troiii  the  tissues  to  whicb 
it  adheres,  presents  the  form  of  an  elongated  iusifonn  body, 
swollen  in  the  centre,  more  or  lees  blunt  at  the  extremity  and 
always  ilattcucd  u])uu  its  internal  sui'face. 

In  a  Ray  one  metre')'  lon^,  the  tail  was  49,  and  the  organ  36 
eeatiiiietiieaia  length;  11  miUiinetKi  in  4lln  InnsveiH^ 
and  18  from  above  downwards. 

Tlie  tiniiB  of  tiiia  organ  has  tiis  flemitranipaieney  of  gelatine^ 
hut  moitt  consistenec^  vd  its  colour  is  a  elnr  translucid  gray. 
It  is  famiBhed  widi  a  general  fibrous  envebpe,  w^ueb  adheres  to 
the  adjoining  tissues  by  qponemotie  membranous  Isym  naged 

at  resTnlar  dix^tanccs. 

1  have  already  said  that  its  anterior  portion  was  eompieteiy 
sorrounded  by  nome  conceutric  muscular  layers,  and  then  that 
it  became  subcuUneous  in  its  three  postenor  quarters,  for  the 
greatest  part  of  its  surface.  1  udil,  by  way  of  more  detail,  that  its 
huAoEnsl  surfeice  alone  is  not  subcutaneous,  and  is  separated  firam 
the  fertebral  cdiomn  by  the  two  long  mnseolaf  and  tendtnons 
bmndlas  mtended  to  more  the  candal  vertebne.  Its  upper  nuar^ 
sm  is  tnTersed  by  a  large  sabcataneoiis  vain^  a  branch  of  the 
lateral  vessel ;  its  antemal  surface  is  traversed  by  the  lateral  Teasel 
itself,  which  is  accompanied  by  the  lateral  nerve.  This  nerve  is 
situated  bctweeen  the  org^n  and  the  akin,  thzoughottt  the  whole 
length  of  the  subcutaneous  ])ortinn. 

After  these  details  on  the  relations  of  this  a])parutus  w  it  In  the 
adjacent  organs, — relations,  moreover,  eonmion  to  all  the  species 
of  Kays, — 1  proceed  to  make  known  the  fexlure  of  the  tissue 
peculiar  to  thU  organ  and  the  dibtributiou  of  its  vcssek  and  its 
nerres.  For  this  purpose  I  shsU  adopt  a  oompsntive  cooraSf 
tint  ia  to  say^  at  each  step  I  shall  refer  to  the  rdatuma  of  this 
oigan  with  thoae  which  moat  resemble  it  in  other  fiahes. 

On  examining  attentively  the  apporatua  in  question,  w«  ob- 
aenre  that  its  substance  does  not  constitute  an  uniform  gelatinous 
mass,  but  that  it  is  divided  into  a  large  number  of  polygonal 
flattened  discs  by  the  partitions  of  cellular  tissue.  Tliesc  di??es 
have  consequently  two  surfaces  larger  than  the  rest,  one  turned 
forwai'ds,  the  otlier  backw  ards.  ^\'ith  retjpect  to  the  faces  of  the 
circumference,  tliey  are  in  number  three,  four  or  five,  which  gives 
the  discs  a  triangulai*,  tetragonal  or  pentagonal  lonii ;  tht  ir  suudl-* 
measures  the  thickness  of  the  disc,  which  is  1  mil- 
limetre in  nearly  all  the  apeciea.  The  diameter  of  the  ki-ge  aof* 
fiioei;,  which  measwres  the  height  of  the  diac^  is  2  mill.|  one  more 
in  the  Baia  mbut  andii.Mf»,  and  S  to  4  milL  in  the  Baia  eb> 
vata. 

From  this  difference  it  follows,  in  the  greatest  diameter  of  tho 
»  XhsiBaiieiia«aiva]«itt(»a9*37  Ei^liih  iaihasi 
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dim  Meoidiiig  to  the  tjpeewB,  that  in  a  truwvme  aeetkm  id 
the  Qigan,  from  eleven  to  fifteen  discs  are  counted  iu  a  R.  clavata, 
mi  twenty  to  twenty-five  in  the  R,  nUnu  and  the  R,  batis.  The 
volume  of  the  diiea  increaaea  with  age  and  the  Hie  of  the  indivi* 

duals,  but  their  number  does  not  appear  to  increase. 

These  gelatinous  discs  are  piled  up  one  upon  another,  in  the 
direction  of  the  Icnsrth  of  the  a})paratus*,  by  the  adherence  of 
their  broad  faces,  with  the  iuterpositiou  nevertheless  of  a  tliiu 
cellular  partition.  Those  longitudinal  rows  of  discs  are  arran<j:ed 
bide  by  side,  rcuiuted  by  a  cellular  partition  thicker  than  that 
which  separates  each  disc  from  that  which  follows  or  precedes  it. 
The  IdniiB  eC  longitudinal  eolnnina  repieaented  h^  m  piled-np 
diaca  are  not  recannear  and  do  not  all  fellow  the  length  of  one 
oC  the  facet  of  the  appamtna;  but  they  aie more  or  leaa contorted, 
and  are  interrupted  at  intervala»  The  intemiptiona  proceed  from 
the  discs  becoming  at  intervals  irregular,  more  narrow,  and  the 
series  of  discs  tcrminatea  (ttdinanly  in  a  vesy  imall,  triangular 
one.  It  follows  from  these  anatomical  arrangements,  that  on  the 
surface  of  the  oriran  we  may  jx'TToivc  one  of  thr  small  faces  of 
each  of  the  bupedicial  discs,  and  study  very  i  cLMihirly  the  elon- 
gated, quadrilateral  or  lozeuge-slinix'd  ]>f»]ygonai,  sometimes  hex- 
agonal form  which  it  assumes  iu  consequence  of  the  reciprocal 
pressure  which  it  undergoes  from  the  adjoining  discs.  We  may 
moreover  very  easily  perceive  that  when  the  discs  of  a  seriea 
b|^n  to  kee  their  hum  and  are  intemptedj  thae  onat  at  the 
aideoUier  irregular  diaca  which  eommenoe  anew  aeriea.  Itiato 
he  remarked  alao  that  the  diaca  are  ranged  moie  regularly  on  the 
internal  surface  of  the  apparatus  in  the  Rma  rubu$  and  R,  baiii 
than  in  the  Rma  elamUa}  in  thefrrat  two  species  we  also  observe 
on  the  internal  surface  of  the  organ,  that  one  of  the  partitions 
which  separates  the  series  of  discs  on  tlie  internal  surface,  follows 
its  whole  lengtli  ami  is  of  p:rrat(  r  thickness  than  tlie  rest  :  it  is 
formed  by  ghstenui^-  iipoTu  un  »tic  hbres,  and  it  forms  a  sort  of 
longitudinal  pile  into  winch  Uie  vc^'^els  and  the  nerves  penetrate. 

With  respect  to  the  gelatinous  suljstance  of  the  discs,  niafir- 
nihed  iOU  diameters,  it  is  seeu  to  be  hollowed  out  by  cavities, 
and  the  walls  of  the  latter  are  hollowed  by  cavities  gradually 
Vawming  in  siae.  The  sufaatanee  too  which  drcumsenoea  these 
•reofe  (to  which  we  disU  recur  hereafter)  ia  hysiine^  homogeneous 
and  transparent;  it  is  studded  with  extremely  fine  molecular 
gramka.  From  one  spot  to  another  are  very  regular  gmnular 
splMres  of  0°^'0050,  sorroonded  by  a  very  pale  circular  maas  of 
granules  similar  to  the  preceding.  It  is  impossible  to  recognise 
veritable  cellules  with  walls  and  nuclei,  and  it  is  easy  to  see  that 
thf"  precedinir  nrf  nl'«>  are  not  eellnles ;  we  sh^ll  «^(>nn  speak  of 
their  uses.    Uu  the  nuirernist)f  the  (hi^rs,  the  homogeneous  gela- 
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tiiumi  mtbitMicc  presents  regularly  undohted  itdb  wludi  il 

would  bo  impossible  to  take  for  tibi«8. 

At  the  point  at  wliich  wp  arc  arrived,  it  is  impossible  not  to 
recognise  u  great  analogy  l)(  tv>  een  the  seniitransparent  a;elatinou8 
siibstuiiee  which  essentially  constitutes  the  discs  ot  the  peculiar 
organ  of  the  Rays,  and  that  of  the  prisms  of  the  apparatus  ui  the 
Tor])cdo,  the  rhoinbuitlai  iiu;jihes  of  the  Sifwnts  electricus,  and 
thuse  iiiU  i  rupted  ones  between  the  truuiiv  cr&ui  and  vertical  iibroui 
laminsD  of  the  Gymnotns, 

Although  there  may  be  difbrenoeft  in  form  hetween  the  diM 
of  the  orgm  of  the  tail  of  the  Beys  end  thoM  whkh  eomtitele 
the  priime  of  the  electrieel  apfNumtut  of  the  1\}rpedo,  these  dif- 
fsrences  are  certeinly  lew  ooniiderable  than  those  of  the  portioiw 
of  geletinous  edbe&nee  eircumscribed  by  the  partitions  and 
areolae  of  the  apparatus  in  the  Silurua  and  Gi/ynnoimf  whMl 
how(n  er  produce  similar  effects  to  those  of  the  Torpedo. 

The  mode  of  arrrmireinent  of  the^c  flisr?^  is  ns  rc^ilar  in  the 
Ray  m  in  the  Torpedo,  and  ap])ru\iiiiale  nmch  nenrer  io  the 
latter  than  to  that  of  the  same  parts  in  tiie  apparatus  ot  the 
iSilurus  and  Gymnotits. 

The  nerves  of  this  apparatus  ongnuitc  in  the  portion  of  the 
q>inal  narroir  which  is  prolonged  into  the  caudal  nvtebne.  I 
heve  an  object  in  view  in  femerking  that  this  partkm  of  tht 
•pinal  niinowmait  be  oompoied  of  aeiiiitive  and  motive  Ojervooft 
fibres,  for  it  eonfespondi  to  the  portton  eaUed  ttmiu  ifwim  in  thi 
hidbier  ammak* 

The  nenroni  roott  which  originate  from  thk  organ  do  not  tahA 
their  rise  togethrr  at  the  same  level,  but  thei*e  springs  alternately 
an  antenor  and  a  ])osterior  root.  It  is  always  from  the  anterior 
oTir  (before  its  anastomosis  with  the  ]'it>sterior)  that  the  greatest 
number  of  nerves  which  rxist  in  the  apparatus  proceed  ;  lastly, 
some  is^ue  from  the  ^jangiion  and  the  lowest  braneli  of  the  two 
which  proceed  IVmii  it.  These  nerves  are  of  the  nuiabei'  oi  lour 
to  seven  for  each  nervous  pair.  They  arc,  as  is  seen,  very  nume* 
rous,  and  their  diameter  ia  from  j  to  ^  millimetre.  Thew  nerves 
era  Anally  distributed  in  the  thidmess  of  the  pertitiona  whieli 
■epenle  tiie  lateral  mnseles  ftom  the  tafl,  when  thev  penetnte 
into  the  organ,  alter  being  more  or  ksa  aubdivided.  in  the  RaUt 
fmtm  and^.  baiis  the  greatest  nun^l  i  penetrate  into  the 
tudinal  pile  of  the  internal  surface ;  in  the  Raia  davata  they  p9» 
netnite  into  some  one  ^  the  partitions  of  that  surface.  In  these 
three  species  several  branches  wind  round  the  superior  and  inf<v 
rior  marsrins  of  the  a])paratu8  to  penetrate  into  one  of  the  parti- 
tions of  its  snbentaneous  portion,  in  th(>  tirst  two  species  these 
superficial  branches  freely  anastomu.^c  before  penetrating. 

It  results  irom  these  iacts  that  a  considerable  number  of  umes 
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mkmA  into  the  partitiaiM  of  Moh  tem  of  discs  infinitdly  mbdi- 
Tidiiiff.  F^om  these  subdivisions  part  the  fikments  which  fm^ 
trate  between  the  partitkn  which  se{»rates  each  disc  from  that 
wHh  which  it  is  in  contact.   This  fihuncnt  ca^pands  opposite  to 

the  anterior  face  of  each  disc,  but  never  does  a  single  one  pene- 
trate into  the  substance  of  tbe  disc.  The  nen-es  spread  out  on 
the  iritenial  surface  of  the  jiariition  hctwecu  it  and  tlic  di.sc.  No 
siugJc  thread  ever  ramiiies  apnnst  the  })ostenor  face  of  the  disc; 
we  shall  soou  see  that  this  surface  receiver  only  vessels. 

The  elementary  libres  of  the  nervous  lilameutji  have  a  double 
character ;  that  is^  they  are  true  elementary  nervous  tubes  tra* 
waed  byassmiflnid  sabatsnee  which  escapee  in  drops  of  variabk 
forma  from  their  extiemittcswhm  torn  across.  [These  ohaem* 
tkna  lunvmr  would  i^qfniie  to  be  verified  npon  aaumab  freab 
csptufad«3 

The  elementary  tubes  which  spread  out  against  the  prism  are 
frmn  0°>'01  to  0  013,  that  is  to  aay,  half  the  diameter  of  the  elci* 
mentary  tubes  measured  on  the  nerves  at  the  point  of  their  pe- 
netration into  the  apparatus.  Tlie  elementar\'  iienous  tubes  do 
not  ternunate  in  a  net-work,  but  actually  in  very  large  meshes, 
to  effect  which  thev  fork  out  sr\eral  tiiaea  into  two  Car  three 
brancheit  and  anastomose  by  inoaculauon. 

These  facts  rcist  on  liic  clearest  evidence,  being  easily  proved 
even  with  a  magnif)ing  power  of  100  diameters.  The  semifluid 
anront  rahatance  contained  in  these  elementafy  tnbea  may  be 
made  to  How  oot^  and  be  seen  to  penetrate  into  cask  of  their  snib* 
difiakina  and  anaatomosea*  Theae  anastomorie  terminations  of 
the  elementary  nervous  tubes  have  already  been  piOfed  to  exist 
by  Savi,  in  his  Anatomical  Investigation  of  the  Tonedo  (1844)." 
He  has  also  proved  this  fret  in  the  partitions  which  Mparate  the 
discs  of  gefarttnooa  snbatmoe  of  the  eiectrio  appafaCna  of  this 
&h. 

The  last  facts  which  I  have  just  established  exhibit  a  still 
greater  analotry  between  the  organ  in  question  and  the  ajjparatua 
of  the  eleetrir  lUhes.  It  is  true  that  these  nerves  proceed  from 
the  teiiiiiuaiKja  of  the  spinal  uiarrow,  that  is  to  say,  froiu  ihe 
amda  equina,  hut  the  same  fret  takes  place  in  the  Gymnoiua,  the 
moat  p<toit  in  ita  discharges  of  the  dectrical  fishes,  whose  eleo* 
tikal  organa  however,  aooovding  to  Himter>  do  not  reoeb^ 
ofnenres  proportionablraooonBiderablaaathoaeof  theToffpedOi 
In  the  Ray,  aa  in  the  Gyauniftt^  the  mass  of  the  nerves  aant  to 
the  dectne  apparatus  by  each  nervous  pair,  is  at  least  aa  eonsi* 
derable  as  those  which  they  transmit  to  the  skin  and  the  mnadea. 
The  lateral  ncrvp  floes  not  in  the  Ray,  any  more  than  in  the 
Gyvinnth-s,  send  any  hlament  to  the  orjran  in  question. 

The  ncrrcs  of  the  otsotriioal  apparatus  of  the  JSUurug,  eatuniined 
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proceed  from  the  lateral  nerve,  a  braneli  of  the  eighth  pair. 

Thus  there  i«  nothing  oonstant  in  tiie  origin  ol  the  nerves  of 
the  electrical  ^puatus,  as  they  proceed  sometimea  from  the 

eighth  and  ninth  pair  (Torpedo) y  sometimes  from  the  eighth  pair 
alone  {SUurus),  sometimes  from  the  pairs  which  arise  from  the 
spinal  marrow  {Gymnotus  and  Raia).  Their  situation  has  vim 
no  eonstancy,  as  they  are  somctnnes  situated  towards  the  head 
{J(/rj>f/ht),  Hr<)iiii(l  the  hody  (Silitrus),  and  on  each  side  of  the 
tail  {Gijmnulu^  and  Rnia). 

The  veji&cls  of  this  organ  arc  numerous  aud  curiously  arranged. 
Between  the  articulation  of  each  vertebra  thm  paases  a  vmnely 
altematelv  an  artery  and  a  vein,  proceeding  from  the  principal 
artery  ana  vein  of  the  tail.  These  two  veaaek  never  ftaas  together 
to  reach  their  foramina^  and  they  never  traverse  the  inferior  spi* 
nal  apophyses,  like  the  nerves^  to  issue  from  the  roinal  canal. 
Beyond  the  vertebrae,  the  vessels  follow  the  course  ot  the  nerve% 
and  penetrate  with  them  into  the  apparatus.  Several  branches 
ramify  on  its  snrfaee,  surround  it  with  their  anastomoses,  and 
from  the  plexus  which  they  form,  some  hrandies  are  detached, 
destined  either  for  the  skin  or  tlie  adjoining  muscle??. 

Those  vessels  whicli  penetrate  the  thickness  of  the  organ  are 
there  subdivided  inlinitely  in  the  partitions  oi  connective  tissue 
which  separate  the  discs  from  one  another. 

From  the  plexus  formed  by  the  arterial  and  venona  ramificft- 
tiona  ea^llanea  are  given  off^  which  are  directed  towards  the  poa- 
terior  nee  of  the  dise  which  is  in  front  of  themi  and  penebite 
into  its  aabstancc.  A  capillary  vessel  never  penetrates  into  llie 
anterior  surface  of  a  priam;  bnt  we  have  stated  that  the  nerves 
ramify  opposite  to  or  againii  that  aufroe.  The  capillaries  idiick 
penetrate  the  discs  are  very  degantly  arranged  in  liexuous  loops, 
and  are  sometimes  ap:*rlomeratcd  in  tlu*  f<»vn!  of  tufts.  These 
loops  and  tufts  nre  Indeed  mid  buried  ni  the  cavities  by  which 
the  disc  is  hollowed  out ;  tiiese  excavations  exist  only  on  the  pos- 
terior face  of  the  discs,  whilst  the  anterior  face  af^ainst  which 
the  nerves  are  arransred  is  smooth.  The  capillaries  wliich  ai'c 
bmied  in  the  discs  aie  from  to  of  a  millimetre  in  dia- 
meter. 

To  sum  up  the  matter,  there  exists  in  the  Rays  a  pretty  voln- 
minooa  organ,  situated  in  the  tail  of  that  frdi,  aa  in  that  of  the 

Gymnotus,  [From  a  letter  whieh  I  have  received  from  Fkof.  J. 
Miiller,  Mppell  would  appear  to  have  described  an  organ  ana- 
logous to  the  former  in  the  tail  of  the  fishes  of  the  genua  Mfr^ 

myrtw.]  This  organ  of  the  Rays  receives  fine  but  very  numerous 
nerves.  It  is  fi^nncd  of  a  prelatinous  scmitransparent  and  hrm 
matter,  aa  in  ail  the  electrical  organs  known.  This  subrtancc  ia^ 
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as  in  all  these  hshes,  divided  into  polygonal  discs,  regularly  piled 
together,  against  which  nerves  raiiiify  that  terminate  by  succes- 
hivc  bifureations  and  anastoiiiu-sts  supplied  tVoni  their  elementary 
fibres.  How  can  wc  help  seeing  in  this  an  electrical  apparatus  ? 
It  is  true  that  its  podtion  is  not  the  same  as  in  the  Torpedo,  but 
in  the  Qffnmoiui  and  the  Sihnu  the  organ  ia  alao  situated  in  the 
tail  or  avoimd  the  body.  Theee  eonchubna  axe  further  oonfinned 
by  the  following  facta :  I  have  proved  that  this  apparatus  is 
wanting  in  the  tail  of  the  Torpedo  and  the  genera  Muitdutf 
SeMwrn,  Sgmtma,  Zifgmo,  Aemihias  and  Carcharia$, 

The  presence  of  this  apparatus  in  the  tail  of  the  Rays  explains 
the  iinniorlerate  proportional  length  of  this  organ,  its  flattened 
jonii  [)c  iieath,  and  tlic  lilj^^f  nrr  of  the  inferior  lobe  on  thr  t  aiulal 
liii,  which  .scarcely  exists  in  the  Kavs.  The  anal  tin  is  also  want- 
ing  in  the  Kays,  it  is  also  wanting  in  the  Torpedos;  but  all  these 
fishes  have  a  complete  caudal  fin,  whereas  it  is  wanting  in  llie 
Bays,  as  I  have  just  observed. 

I  am  indebted  to  the  kindness  of  M.  Bibron  for  being  enabled 
to  aaeertain  that  the  other  fiahea  allied  to  the  Ba^s  {Cephalopiera, 
MffUobata  and  Paiti$mcu8)  whoae  tail  is  terminated  by  a  thin 
and  extended  whip  or  nrolougation,  do  not  possess  this  apparatus. 
The  whip  ia  formed  of  a  portion  of  the  tail,  which  the  deetrical 
apparatna  would  oeenpy  if  it  euated. 

As  we  have  just  seen,  thia  organ  cannot  be  regarded  as  a 
gland,  for  it  hn^  not  the  stnictiirc  of  one;  it  does  not  possess  an 
exrrrtoi  y  duet,  it  does  not  eonnniinicatc  in  any  part  with  the  in- 
side, and  no  gland  receives  so  many  nerves  of  animal  lite*. 


XIII.  NoUees  rnpecHt^  Nlm  Booh. 

7%9  Pkjfncui  Atlas;  a  series  of  Maps  iiiusiraiing  iU  Geographical 
Dutrihiioit  qf  NsOmtoI  Phmmimo,  By  H.  Bbrquavs,  LLJ)„ 
f.R,GJS,  4c.,  and  A.  K.  Joniraioir,  FJt,G.8.  4c. 

A  L'MOUGH  the  idea  embodied  in  the  publication  before  us  is 
^  not  here  met  with  for  the  fint  time,  vet  it  will  picAiably  have 
all  the  attraction  of  novelty  for  the  geoetai  public,  since  we  bdleve 

that  the  work  on  which  it  is  founded  is  liot  very  extensively  known 
in  tliis  country.  To  those  who  know  the  P/iysisc/ic  Atlas  of  Dr. 
Berghaus,  it  will  be  a  great  gratification  to  tind  that  tlie  defign  has 
been  appreciated  by  the  able  editor  of  the  National  Atlas,  and  that 
he  haa  anooeeded  m  obtaining  the  aaaistance,  not  ooly  of  Dr.  Bere. 
haaa.  bat  cf  aoaie  of  tiiemoatdiatingiiiahed  foDowen  of  the  sciences 

•  NevvrUielen  the  proof  of  ita  being  an  electrical  organ  mmt  depend 
npoa  its  power  of  giving  electric  ahoekt.  Sodl  «  property,  in  our  common 
Ilayg,  If  It  existed,  could  hardly  Iiave  escaped  the  notice  of  fishermen,  in  the 
coaslaat  habit  of  handling  large  fi«^a»  Skates  aod  Tkonbacka  inmediiitelT 
alltr  UMir  capture. — Ed.  ' 
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the  r^ults  of  %vhich  it  comprehends,  iu  the  endeavour  tu  produce  a 
Biitiili  Fbyatcal  Atlas  the  eneotkiii  of  wbioh  shall  be  werlhy  of 
the  gfand  geoenlizations  on  'which  it  is  based. 

The  idvanfages  which  attend  this  mode  of  conveying  informatioa  it 
is  scarcely  necessary  to  enlarge  upon  ;  it  has  all  the  simplicity  of  a  ta- 
•  bular  arrnne^mcnt,  without  that  bare  abstract  quality  vvliic)i  leaves  to 
the  mind  no  connecting  links*  no  means  of  associaUuu,  mid  demands 
a  distmct  efibit  of  memory  Ibr  every  faet ;  while  with  the  majority  of 
penoDs  the  pictorial  form  of  a  map  makes  a  peculiar  Idnd  of  impres- 
eion,  whidi  can  be  reproduced  at  ]deasure  in  the  consciousness,  and 
"bproraes  «  groimd  on  v.'hlrfi  the  several  facts  may  be  retraced.  T\ic 
good  effect  that  m  i-t  n  suit  from  the  more  accurate  knowledge  thus 
attainable  by  the  "  uninitiated  "  of  the  vast  extent  of  the  complex 
details  which  are  necessary  to  the  evolution  of  the  simplest  genm- 
liations,  will  be  at  once  admitted  on  looking  abroad  upon  the  emde 
qteenlations  which  are  so  hastily  grasped  in  the  dsjlj  incnuing 
desire  for  knowledge  of  the  deeper  mysteries  of  nature.  A  man  who 
has  carefully  and  patiently  studied  these  maps  and  pondered  over 
the  multitude  of  "experimental  truths  "on  which  the  simplest  of 
them  depends,  will  probably  pause  ere  he  accepts  cosmical  Uieories 
which  mid  their  materials  in  popular  abstracts/'  Not  that  we 
WKiervalue  the  apeoidative  fiumlty ;  but  it  is  evident  that  the  depart- 
ment of  obser^'ation  and  experiment  is  that  to  which  those  inquirers 
should  restrict  themselves,  whose  opportunities  or  inc]io;?tinns  pre- 
vent their  acquiring  a  comprehensive  knowledge  of  the  subjects  by 
which  they  are  atl^racted. 

lb  soeh  perBons  this  Atlas  wUl  be  exceedingly  TahwUe*  as  indw 
eating  the  precise  state  df  our  information  in  regard  to  the  Iwts,  and 
thus  pointing  out  to  them  where  their  labours  may  be  most  usefully 
directed.  To  the  trertpml  student  it  will  convey  clearly  and  agree- 
ably a  mass  of  that  kno  w  It  il«^e  which  is  daily  becoming;  more  neces- 
sary to  him.  'io  the  nsia|^  gciicration,  iu  whose  education  these 
Bubjeets  cannot  well  be  ne^ected,  where  any  pretension  is  made  to 
heap  paoe  with  the  intellectual  progress  of  the  times,  these  maps  will 
throw  new  and  powerful  interest  into  the  study  of  geography,  lead- 
ing not  merely  to  the  knowledge  of  relative  position  and  political  or 
other  artificial  divisions,  l)ut  to  an  appreciation  ol  the  natural  rela- 
•  tions,  regarded  either  ui  a  scientific  or  oeconomic  point  of  view,  of  the 
YarioQS  lepons  to  each  other^  and  a  comprehension  of  the  grand 
unity  of  £is  our  terrestrial  world,  where  each  part  is,  as  it  weM^ 
complementary  to  all  the  rest. 

In  the  execution  of  this  dcsig-n  the  various  subjects  arc  arranged 
under  the  two  general  lieads  of  the  phaiiomcna  of  Inorganic  and 
Orguiic  nature  ;  the  former  comprehending  three  bubdi visions, — 1, 
Meteorology  and  Magnetiam ;  2.  Hydrology,  and  3.  Geology ;  th« 
latter  nominally  two,  vix.  Phytology  and  Zoology ;  but  apparently 
imder  the  latter  head  we  must  include  Ethnology,  since  among 
fhi'  rpa])s  already  published  we  find  an  Ethnographic  map  of  the 
British  Islands. 

Five  parts  of  the  work  ai  e  now  before  us«  which,  according  to  the 
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pm|Metoi»  foim  half  of  the  oomtemplBted  series.   Each  part  con. 

tftifiH  tlirce  mnpf? :  nnfl      these  are  not  pnMishtd  in  any  re^'nlar  nr- 
raugcmcnt,  they  are  suHiciently  varied  to  c^ive  n  good  idea  of  the 
intentions  of  the  editors.    The  following  is  a  summary  view  of 
pnUlahed  maps. 

Burt  I.-"-!.  A  PhyiiMl  Chart  of  th«  Atkntio  Ooauit  9*  «  anp  of 

tho  Mooatain  Systems  of  Burope ;  3.  map  and  clcvatiooalUutn** 

ting  the  Distribution  of  Plants.  In  the  first  will  he  found,  in  addi- 
tion to  the  usual  peculiarities  of  charts,  such  as  distance  .  currents, 
&c.,  the  tein])enitiire  at  different  point*,  the  situatiuii  uuu  luiia  of 
Fucus  baiika  and  the  uppcaraiiees  uf  volcanic  action,  with  the  exi&t- 
ing  ttatiitiea  of  loaberp  and  doabtftil  {■]aiula>  and  the  tfieks  ooni* 
moBly  followed  by  navigators.  Tho  varioos  phMionana  aio  briefly 
described  in  Uie  aooonipanying  letter-press,  as  much  aa  possible  of 
the  information  behig  tabulated.  The  most  strikini^  fe  <tnre  of  the 
serond  map  is  the  application  of  the  system  of  contour  iiiiep,  with- 
out which  indeed  all  plane  representations  of  elevated  tracts  arc  but 
▼cry  vague.  In  the  third  map  are  embodied  Behoaw's  phyto-geo* 
gnpbio  labooia,  together  with  atatiatieal  information  of  Humboldt 
and  other  travellers. 

Part  II. — 1.  The  distribution  of  part  of  the  Mammalia;  2.  a 
Hyetographic  map  of  the  -world  ;  3.  the  River  systems  of  Europe 
and  Asia.  The  first  ineludcs  a  view  of  tlie  range  of  four  mammife- 
rous  families,  viz.  the  Quadrumaua,  Mar^upialia,  Edentata  and  Pa* 
obTdennata  i  tiie  typee  of  thete  Ihmiliea  being  represented  pictorially 
for  the  bcneit  of  thoee  nnaoquainted  with  loientific  classification* 
The  Hyetographic  or  Rain  map  ia  an  attempt  to  indicate,  by  various 
degjccs  of  shading,  the  relntive  fimonnt  of  rain  falling  in  different 
distriet»  ;  it  is  accompanied  by  a  quantity  of  stati^tiral  tables  of 
great  value.  This  map  has  a  peculiarly  novel  appearaoce ;  and  the 
oontraata  obtained  by  meana  oif  the  shadmg  are  very  striking }  the 
great  deeeiti  and  the  runleee  diatiieta  of  BonA  AmM&aa,  eo  giapbi* 
cally  described  by  Mr.  Darwin  in  his  journal,  itanding  ootetwagoly 
in  their  whiteness  from  the  dark  rei^ions  near  the  equator.  The 
iiiver  systems  are  arranged  so  as  to  disj)lay  tlie  great  Im*:!!!*;  of  tho 
two  continents  and  course  of  the  rivers,  thus  forming  a  kind  of  sup- 
plement to  the  view  of  the  mountain  chains.  The  description  in* 
dodea  bydrographie  tablee,  &e. 

Part  111.^1.  Glaciers  and  glacial  phsenomena;  2.  diitrlfalltioil 
of  Camivora ;  3.  Physioal  Chart  of  the  Pacific.  The  first  map  has 
been  compiled  from  the  roKertrches  of  I-'orbes,  Raymond  Cliarpentier, 
Weiss,  &c.  This  is  accompanied  by  a  descriptive  treatiise  by  Prof. 
J.  D.  Forbes,  giving  a  detailed  account  of  the  European  glaciers, 
founded  on  bia  own  extensive  leeeanhea.  Those  of  Soath  America, 
described  by  Cuitain  King  and  Mr,  Darwin,  are  alao  noticod,  and 
the  glaciers  of  Bir  James  Ross's  great  south  polar  continent.  In 
addition  to  the  general  distribution  of  the  Carnivnra,  the  second 
sheet  contains  a  maj)  of  the  region?  of  the  northern  whale  and  seal 
fisheries,  and  thoi>>c  inhabited  hy  fur-be<iring  animals.  The  Chart  of 
the  Fadfic  resembles  that  of  the  Atlantic,  containing  of  courge  many 
peeoliar  points  of  interest. 
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Pnrt  IV. — 1.  Phaenonicna  of  Volcanic  action  ;  2.  Rain  map  of 
Europe  ;  3.  distribution  of  Reptiles.  The  first  of  these  is  enriched 
by  a  coUeetion  of  aintll  but  very  importMit  tpeewl  sotpt  of  tbe  moat 
oelebiated  Tolcude  dwtrietB«  On  the  general  churt  tte  given  tbe 
lines  of  dinetkm  of  the  most  important  earthquakes  of  wbicb  we 
liave  rfrord":!,  and  a  view  of  the  various  volcanic  rcj^ions.  Among- 
the  small  maps  arc  Lower  Italy  and  the  Greek  islands,  accordinc:  to 
Von  Buch ;  the  iSandwich  Islands,  &c.,  by  Fitzroy ;  Iceland  after 
Krug  von  Nidda,  &c.  The  accompanying  table  gives  the  various 
ttatiatiGs  of  height,  date  of  ernptkm,  fto.  of  all  the  volcanoes  of 
wbicb  tbese  particolaia  bave  beoi  obtained.  In  the  Hyetogrq»bk 
,  map  the  points  receiving  equal  annual  amounts  of  rain  are  united  by 
a  s)*stem  of  curved  lines  called  Isohyeto^o*.  analogous  to  tho  isother- 
mal line**  of  Humboldt;  al.-io  i<othcro;nl)  )<os  or  curves  indicating 
the  distribution  of  summer  raim» ;  the  auuuui  number  of  rainy  or 
snowy  days,  deptb  of  fall,  &c.«  and  tbe  difeetion  of  tbe  lam  winda. 
In  this  map  Bniope  Is  divided  into  three  regions  :^the  pruviMce  of 
winter  rains,  comprehending  part  of  the  southern  portion  ;  of  autumn 
rains,  including  the  remainder  of  the  southern  and  western  portions  ; 
the  summer  rains  belong  to  the  whole  interior  of  the  continent. 
The  limits  of  these  regions  are  of  course  only  approximative.  In  the 
distribution  of  reptiles  there  are  separate  sections  for  the  Testndines, 
Sanria  and  Batrachia ;  the  Ophidiims  have  two,  one  for  the  innocuous 
species,  and  another  for  the  venomous. 

Part  V. — 1.  Distribution  of  Birds  ;  2.  mountain  chains  of  North 
America;  3.  Ethnographic  map  of  Great  Britain  and  Ireland.  Th«' 
distribution  of  Birds  includes  a  general  map  of  the  world  divided  into 
sixteen  provinces,  and  a  map  for  Europe  regarded  as  a  single  pro- 
vince. The  second  mi^  contains,  besMes  the  mountain  chains  of  the 
North  American  continent,  a  map  of  tbe  Ishiid  of  IVinidad  sod 
Humboldt's  plan  of  the  volcano  of  Jorulla.  The  Ethnographic  mi^ 
is  tlic  result  of  an  endeavour  to  lay  down,  as  far  as  the  present  con- 
dition of  our  knowledge  will  admit,  the  distribution  of  the  various 
races  by  which  our  islands  have  been  peopled.  This  is  an  attempt 
of  acknowledged  difficulty,  since  in  a  country  wluch  has  attained  a 
high  degiree  of  civilisation,  tbe  intermixture  of  tbe  elements  whieh 
must  have  taken  place  necessarily  leads  to  great  uncertainty.  The 
general  conclusions  to  which  the  author  of  the  map  (the  late  Dr. 
Gnstav  Kornhst)  had  arrived  are  as  follows :  there  are  five  ?Tib- 
varieties  of  the  C^eltic  variety,  and  eight  of  the  'I'eutonic:  and  the 
folio  wini^  is  a  probable  average  calculation  of  the  ethnographic  blood 
of  the  population  of  Qieat  Britain  and  Iidand. 

I.  PureBh)od< 

1,  Teutoido  in  England,  Scotland,  east  and  north* 

east  of  Ireland   10,000,000 

2.  Celtic  ill  ComwaU,  Wales,  Scottisb  Highlands 

and  Ireland   6,000,000 

16,000,000 
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II.  Mixed  Blood. 

1.  Teutonic  (that  is  with  prevalent  Teutonic  cha- 

racter) in  Englaad,  Sootlaad,  east  and  north- 
east of  Ireland   6,000,000 

2.  Celtic  (with  prevalent  Celtic  character)  in  Corn- 

wall, Wales,  Highlands  of  Scotland  and  Ireland  4,000,000 

10,000,000 

•     Total  Teutonic,  pure  and  mixed   16.000,000 

Total  Celtic,  pure  and  mixed   1 0,000.000 

Total  population   26,000,000 


The  Physical  Atlas  contains  all  the  elements  of  success,  high  in- 
terest in  the  wbjeet  matter,  as  we  have  shown,  and  this  brwight 
forward  in  a  mannor  well-worthy  of  it.  Tho  eize  of  the  maps  13 
imperial  folio,  each  of  the  inups  occiipyinj^  a  sheet ;  the  engraving  and 
colouring  are  beyond  all  praise  fur  their  beauty  and  clearness.  The 
enteiprize  which  has  produced  this  work  at  such  a  modemte  price 
calls  for  extensive  patronage,  and  the  care  of  its  execution  folly  de- 
serves it.  We  feel  bound,  both  in  justice  to  the  editors  and  our 
leaders,  to  give  it  our  warmest  recommendations. 

Introduction  to  Zoology  for  the  Use  of  Schools.    By  R.  Patterson, 
Vice-Prtt.  a/the  Nat.  Hitt.  Soc.  of  Bel/aft,  12nio.  London  1846. 

We  cordinlly  recommend  to  the  notice  of  our  readers  this  valuable 
little  work  by  Mr.  Patterson,  who  is  well  known  to  have  \ox\^  and 
energetically  endeavoured  to  introduce  the  study  of  natural  history 
into  the  ordinary  course  of  general  education.  His  great  attain- 
ments as  a  naturslist  well  qualify  him  for  the  task  which  he  has  un- 
dertaken; and  we  fed  sure  that  the  publication  of  this  volume  will 
grsatly  tend  to  promote  his  highly  desirable  object. 

In  the  present  ])ublication,  which  is  profusely  illustrated  by  wood 
engravings,  he  treats  of  the  Invertebrate  animais,  but  proposes  to 
continue  the  subject  in  a  future  volume  on  the  Vertebrata.  We  have 
here  in  email  space  a  very  complete  introduction  to  the  study  of  the 
interesting  tribes  upon  which  it  treats  detailed  in  simple  and  popular 
language,  so  as  to  be  intelligible  to  persons  who  have  not  made  na- 
tural history  n  study ;  but  at  the  same  time  there  is  nothing  in  it  of 
what  is  vulgarly  called  "  popular  science,"  every  part  being^of  atruly 
scientific  character.  It  is  well  fitted  to  be  placed  in  the  hands  of 
the  young,  and  highly  deserving  of  perusal  by  the  accomplished 
naturalist. 

We  wish  him  every  suceess  in  his  laudable  endeavour. 
XIV.  Proceedings  of  Learned  SodHietm 

ROYAL  SOCIETY. 
[Continued  from  vol.  xxix.  p.  401/. J 

Nov  19)  the  Automatic  Registration  of  Magnetometers, 

1846.  and  other  Mfteoti^ieal  InstnimeBls^  1^  Fhotogra- 
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phy."   By  Charles  Brooke,  M.B.,  F.R.C.S.E.   CommanioAted  by 

G.  B.  Airv.  Esq.,  F.R.S.,  Astronomer  T^oval. 

The  author  enters  hilo  luller  details  than  he  had  done  in  his 
former  cutnninnication  to  the  Society,  which  was  read  on  the  ISth 
of  June,  respecting  the  oonstnietion  of  the  inflCrunient»  the  |irepa* 


process,  and  the  oimuteadJiutnienteneeeMaiy  for  ensuring  aoenney 
to  registering  the  results. 

In  a  supplement  to  the  above  paper,  the  author  describes  the 
methods  he  iia:i  contrived  for  obtaining  a  similar  automatic  regiitUa- 
tton  of  the  heights  of  the  barometer  end  thermometer,  by  suitable 
additions  to  the  twie  appmtus  which  nsgisteie  the  magnetie  vaiia^ 
tions. 

W.  U.  Grove,  Esq.,  M.  A.,  F.R.S.,  dc  li^  f  red  the  Bakerian  Lecttire 
«— "  On  cerlain  I'heiioinena  of  Voltaic  Ignition,  atui  00  tho PoCOiU|>0* 
iition  of  W'uier  iuiu  iU  conalituunt  UiiM^i>  by  iieat." 

The  author  refers  to  an  eudtomeler,  an  aeeoont  of  whieh  voa 
published  by  him  in  the  *  Philosophioal  Magazine*  for  1840,  formed 
of  a  glass  tube,  into  the  closed  extremity  of  which  a  loop  of  )>laii- 
num  wire  was  scaled.  The  gases  to  be  analysed  were  mixed  iu  this 
tube  with  a  given  volume  of  oxygen  and  liydrogen,  and  detonated 
or  slowly  combined  by  the  voltaic  ignition  of  the  platinum  wire* 
He  was  thence  led  to  try  a  fbrther  set  of  experiments  on  tlie  analysiSy 
by  this  instnunent,  of  such  gases  and  vapours  as  are  deeomposaUa 
by  heat;  the  process  being  capable  of  much  greater  exactness  than 
the  received  one  of  passing  them  through  ignited  tubes.  The  re- 
sults of  the  analyses  of  several  gases  by  this  means  are  given  in  tiie 


Toiumas  and  expoeed  to  the  ignited  wirei  the  hydrogen  abstoiioti 
o^en  from  the  carbonio  aei^  and  leaves  earbonio  oxide.  Coop 

versely,  when  carbonic  oxide  is  exposed  over  water  to  the  ignited 
wire,  it  nUtiaots  oxygei)  from  the  aqueous  vapourt  aad  forms  oar- 

bonic  acid. 

It  thus  appeared,  that  provided  there  were  bodies  prment  cmmUiIo 
of  absorbing  by  afllnity  the  elemeoti  of  water,  igioited  fdatwum 

woiil  i  either  compose  or  decompose  water.  The  author  was  thence 
led  to  hope  that  lie  might  by  ignited  platinum  decompose  water  into 
its  constituents,  without  absorption  by  other  bodie*?,  and  thus  pro- 
duce converse  efi'ectii  to  thone  already  known.  In  this  he  ultimately 
succeeded  by  various  m^thodSf  in  some  of  which  the  igoitiou  was 
prodttoed  by  eleetrieal  means;  in  others  by  ordinary  caimrilio  pro* 
cesses,  such  as  the  oxyhydrogen  blowpipe,  &c. 

A  platinum  wire  is  ignited  at  the  closed  extremity  of  a  species  of 
tub<'  retort,  full  of  pure  water,  and  having  a  narrowed  neck  close 
above  the  wire;  as  soon  us  the  wire  becomes  incandescent,  it  Tonus 
around  itself  an  atpiosphere  of  vapour  which  it  immediately  decom- 
poses; a  natural  valre  being  formed  by  the  coafliet  of  ascending 
gas  aod  desoeoding  water»  the  bubbles  of  mixed  gas  are  ent  off  bT 
an  intermittent  action,  and  thn?,  as  tlieir  recombination  is  prcventca, 
a  volume  of  gas  ooUects  in  the  bend  of  the  tube  and  U  uUimaiely 


ration  of  the 
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expelled  at  its  orifice.   If,  agUB,  •  Iwttmi  of  pkttiiiam  be  fullj  Ignited 

by  the  oxyhydrogen  blowpipei  and  plunged  into  water  pneviously 
heated  to  noarly  Us  boiling-point,  iMibMcs  of  mixed  gas  ascend  and 
may  be  coUocted  by  an  inverted  tube.  Thf^  electrical  spark  is  shown 
lo  be  capable  of  decooiposiDg  aqueouA  vapour,  and  various  other 
OMdee  of  pradnciDg  the  eame  feeolti  m  gives* 

Some  tlieoroticu  ▼lews  are  then  advanced  as  to  the  eplieioldBl 
state  which  appears  to  the  author  to  be  intermediate  between  that 
of  ebullition  anH  (!rcon<position ;  as  to  the  probable  non-existeiicc 
of  water  or  steam  in  the  i?Ttf  rior  of  the  earth,  and  a^;  to  the  aotago* 
nism  between  physical  rq>uUiun  und  chemical  attinity. 

lo  a  suppletneotary  paper,  the  author  considers  how  far  catalysis 
aflfiects  the  phenomenon,  and  Kfeids  the  decomposition  thus  pro- 
duced as  presenting  a  parallel  effect  produced  by  the  force  of  heat, 
to  that  known  to  be  produced  by  eltctricity ;  Ih'  considers  it  expla- 
natory of  tlie  decompositiou  of  watrr  by  the  electrical  impark  as  in 
the  experiments  of  Pearson  and  \\ Oilaston.  ^onxe  further  expe- 
riments are  given,  iu  which  iridium  and  osmium  and  silica  are  sub- 
stituted for  platinum;  and  also  some  experiments  on  tiie  liquids 
bromine  and  chloride  of  iodine,  both  of  which  yield  pars  oxygen 
when  exposed  to  the  ignited  wire  in  Mr.  Grove's  apparatus.  These 
Utft  experiments  cannot  however  be  long;  continued  in  conser] nonce 
of  these  liquids  ultimately  attacking  both  the  glass  anti  the  platinum. 
In  conclusion,  the  author  calls  attention  to  the  general  evolution  of 
permanent  gas  {him  all  liquids,  except  the  met&,  when  exposed  to 
intense  heat. 

Deo.  17.—*'  Researches  on  Physioal  Geology."— Part  I.  The  Fteue 

and  Primitive  Formation  of  the  Earth.  V>y  Henry  Hennessy,  Esq. 
Commuuicated  by  ISIajor  North  Ludlow  Beamish,  K.ll.,  F.R.S. 

1  he  author's  invet^tigations  of  the  figure  of  the  earth  proceed  on 
tbe  hypothesk  of  its  having  originally  been  a  heterogeneous  fluid 
mass,  possessing  only  such  general  properties  as  those  wbiek  have 
been  established  for  fluids;  and  independently  of  the  Bupposition» 
with  which  the  theory  has  generally  been  complicated,  that  the  vo- 
lume of  the  entire  mass,  and  the  law  of  the  deii-ity  of  the  fluid,  hav« 
suliered  no  change  iu  consequence  of  the  solidilieatioti  of  a  part  of 
that  fluid.  Assuming  the  figure  of  the  mass  to  be  an  ellipsoid  of 
revolntion,  the  author  obtains  general  analytical  expressioM  fiar  its 
ellipticity,  and  for  the  variation  of  gravity  at  its  surface.  He  gives 
a  general  sketch  of  the  consequences  that  may  result  from  the  im- 
proved hypothesis  f»r  the  primitive  figure  of  tlie  earth,  to  physical 
geology,  that  is,  tu  the  changes  occurring  upon  the  external  crust  of 
tlie  eat  th  during  the  procet>s  of  its  solid  iiieation,  resultiug  both  from 
eakorifio  and  dienitoal  ebanges  taking  plaee  among  its  dlrorent  parts, 
mmI  giving  rise  to  a  prooess  of  mrmiurtfoB  tbroi^hoat  the  fluid  por- 
tioaa  of  the  ma«k 

The  present  memoi'-  is  oT)!y  flip  fir-^t  of  a  series  which  \ho  author 
announces  it  is  itis  inteofciou  to  coumuDloate  to  the  iSociety  on  the 
same  subject. 
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EOTAL  AflTROMONlCAL  80CISTT. 

[Contiouod  from  vol.  xsut.  p. 

November  18,  \94S^^Elemmi$  of  Agtrma, 

Mr.  Graham,  of  Mr.  Cooper's  Obtervatofj  aft  Maikree,  1ms 
deduced  the  following  elements,  omitting  any  coosiderstioD  of  dis- 
tuibiiig  finoes :— 

O         /  II 

Jan.  I.  Mean  Anom   55  51  5 

ir  —  a   55  4ii'2  \  Mean  Equinox, 

A   141  «4  4»S/  ]846*(K 

i   5  19  221 

  10  45  57-7 

og.a   0-4107004  . 

tog.  fi"    2  93.39560 

n"    8.58"-9»6 

bid.  Rev.  1509  days. 

The  pkces  from  which  theae  elements  are  deduced,  arc, — 

Otecowidi  M.  T.  B.A.  Dae. 


1845.  Dec.  17*460393 

1846.  Feb.  8053359 
March  27-310391 


63  22  21  02 
62  37  24-46 
77  59  41-13 


+  12  40  18-29 
15  40  31-99 
-f  19  57  8-40 


TTie  first  place  is  n  mRan  of  ten  continental  observations  ;  the 
second  is  a  mean  ot  four  mcridiau  observations  by  Mr.  Cooper,  at 
MaHtree ;  the  third,  a  single  observation  at  Pulkawa. 

Elliptical  Mlements  qf  Dq  Vico's  Fourth  Comet  (Feb.  20,  1846), 

by  Mr.  Hind. 

The  following  orbit  based  upon  the  Altona  and  Humburg 
Observatiuus  of  March  12,  and  Hamburg,  March  31  and  April  18. 
There  appears  no  dottbt  that  the  elements  are  really  elliptical : — 

Perihelion  Ptasage,  1846,  March  6*57777.  Greenwich  Mean  Tioie, 

Longitude  of  Perihelion    90  34  45-791  Mean  Equinox, 

Longitude  of  Ascending  Node  77  35  35*90  /  1846*0. 

IncUiiaclon   84  57  12*91 

Angle  of  Eccentricity  72  37  42  99 

Leg.  seaM^uds  major    l-80(>2261 

Sidereal  Revolution  55*4  yean. 
Motion  direct. 

Note  on  the  First  Comet  of  Brorsen,  by  Mr.  Hind. 

*•  The  comet  discovered  by  Mr.  Brorscn  at  Kiel,  on  the  26th  of 
February  last,  has  been  found  to  have  an  elliptical  orbit  with  a  pe- 
riod of  5^  years  only.  Independent  calculations  by  Dr.  liriinnow, 
M.  Gottjon,  and  mjrself,  have  led  to  nearly  the  aame  results  as 
regards  the  short  time  of  revolntioii.  Tliis  cirenmstanee  induced 
me  to  examine  the  path  of  the  comet  through  our  system  more  mi- 
nutely. Assuming  the  last  set  of  elements  ralctilated  by  Dr. 
Brtinnow,  and  published  in  No.  557  of  the  Astronomuche  Nach* 
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riekim,  I  soon  ibtuid  that  a  very  close  approach  to  tlic  planet  Ju- 
piter mu?t  have  occurred  about  the  20th  of  May  1842:  the  comet 
at  this  time  would  be  hnrdly  further  distant  from  Jupiter  than  the 
mean  distance  of  his  fourth  satellite.  The  action  of  the  planet 
would  be  more  than  ten  times  greater  than  tliat  of  the  Sun ;  and  it 
U  very  possible  that  a  complete  change  might  be  produced  tn  the 
elements  of  the  comet's  orbit.  This  encounter  took  place  rather 
to  the  south  of  the  plane  of  the  ediptio.  in  about  28d^*^  heliocentric 
longitude." 

Peters's  Comei  (26M  June  1846). 

On  the  26th  of  June,  Dr.  C.  11.  F.  Peters,  of  the  Obser\'atory 
of  Capodimonte,  found  a  very  small  comet  in  the  constellation 
Sooipius,  near  595  Mayer,  and  about  one  degree  to  the  south  of 
the  nebula  H.  ti.  19*  or  585  of  Smyth's  Cycle.  The  new  object 
was  quite  as  pale  as  the  nebula,  and  somewhat  rounder.  The  mo- 
tion was  perceptible  at  the  end  uf  an  hour,  when  Dr.  Peters  com- 
menced his  observationB  with  the  equatorial  of  Rt  icliLnbach.  These 
were  continued  on  fuiiowing  nights  till  stopped  by  moonlight.  The 
foUowing  are  the  results  corrected  for  refraction : — 


IMS.  S 

R.A. 

Dee.  liak« 

iTOI 

h    m  1 

0          /  M 

June  36 

17  34   4  0 

226  51  31-4 

—21  38  42-4 

3 

«7 

16  19  3-0 

9SfJ  16  63*9 

80  57  19'9 

7 

28 

17   2  180 

227  49  20-2 

30  14  19-8 

4 

99 

16  48  45  0 

2ii8  19  3-8 

19  33  4-3 

6 

30 

17  53  10-3 

228  48  48-3 

18  5U  at)  0 

5 

July  1 

16  2i  W 

n»  19  16*9 

18  10  37-4 

5 

11 

16  57  24-8 

234   5  53-5 

12  31  31  I 

2 

12 

17  lU  341 

234  33  39-8 

12   2  18-7 

4 

13 

17  IB  291 

235    2  16-3 

11  34  45-7 

4 

14 

17  6  56-8 

£35  29  457 

11   8  19*7 

4 

15 

17  39  10-5 

235  59  16-8 

10  40  10-3 

3 

16 

17  19  26  3 

2%*  26  47- 1 

10  Ifi  1-4 

5 

17 

17  31  47  6 

23G  55  9-8 

9  50  33-5 

4 

IS 

17  43  22-4 

237  26  5-3 

9  37  1^-5 

4 

19 

17  41  14  2 

237  52  22-4 

9    3  53- 1 

4 

21 

17  51  5tt-3 

238  47  28  0 

-8  19  12-3 

3 

It  \vi\9.  ?ccn  on  the  23rd  July,  but  it  was  too  faint  to  be  ob«ervefI. 
Upon  these  obstrvaiiuns  Dr.  Peters  has  calculattU  the  lulluuinir 
elements,  taking  into  uccouuC  all  small  corrections  (ParalL  Aberr. 
NfOat,), 

Feribelion  Pmage  1846.  May  30,  W  56^  S^-O,  Berlhi  M.T. 


Perib   237  20  28  2  \  Mean  Equinox^ 

tt   258  45  12  6/     July  1. 

i   34  0  41*7 

Log.  q   0*304635 

Motion  direct. 

Theie  elements  differ  considerably  from  a  iirtt  rough  sketch.  ]>r. 
Peters  brieves  them  to  be  near  the  tmtii ;  still  they  give  from  day 
to  day  considemhle  anomalies,  when  compared  with  the  observations* 
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De  Vieo'a  Fifth  Cmei  (Juhf  29»  1846). 

This  comet  was  also  detected  by  Mr.  Hind,  at  the  South  ViQa 
Obaemtorjr,  on  the  night  of  JnW  29,  1846,  about  11  o'oIoek»  two 

hours  after  its  first  discovery  by  De  Vico. 

"  The  following  position?  are  tlio  result?  of  instrumental  compa- 
risons at  South  Villa  Obsfrvatorj'  with  known  stars,  not  far  distant 
from  the  comet ;  but  owing  to  the  extreme  faiutuess  of  tlus  object* 
the  observations  of  August  4-15  inclusive,  are  very  uncertain 
Ortatwkh  M.T.  tLA.  Dm. 

July  29      12   6  'e         48  63  4?         +6(J  37'  f 

30  10  17  :i5         48    5  34  60  42  33 

31  9  £6  19         47  12   H  60  48  10 
Aug.  4      11  11  21         43  11  19  61    8  14 

13  9  21  21  82  4   0  61  15  8 

14  9  50  23  80  35  57  61  11  5 
1«  12  5U  27  ^  ^-'i  22  6'I  r,  10 
21  i)  46  27  10  ^9  27  fCO    J  s 

**  On  July  29  and  30  wc  obtained  some  micrometrical  measures 
with  two  snuUl  stars.  On  the  29th,  at  IS'*  25'**  25*  Greenwich  mean 
time,  the  comet  followed  a  itu  of  8*9  magnitude,  2'**  12''33,  and 
vas  south  of  it  16'  17**8.  Thit  star  U  found  m  Aigelander^a  Zoom  ; 
and  the  apparent  place  for  July  39*  aa  gifsn  In  Brofbwcir  Sdm* 
maeher'a  Comet  Circular,  was 

R.A.  3»  13»  11*  86  Dec.         6»  4r*0* 

whemse  the  comet's  place  was 

R.A.  3*  15- 24-19  Dec.  +600  3?' 

"  On  July  30,  at  11*"  23"  13*  mean  time,  the  comet  followed  a 

9tli  maginitude  star  1*"  25*'07,  and  was  south  of  it  45''  04  ;  but  we 
have  not  yet  identified  thl"  ^f:\r  in  any  of  our  catidogues.  On  this 
night,  w^itii  great  attention,  and  au  cvacL  knowledge  of  the  position, 
the  comet  was  just  perceptible  in  tibe  comet-searcher." 

jaiemetUs  qf  De  Vico's  Fifth  Comet,  hy  Mr.  A,  Graham  of  Markret 

Observatory . 

The  observaUuus  einployed  were,  one  at  Mr.  Bishop's  observa- 
tory, July  29  ;  that  of  Paris,  on  August  18;  and  another  made  by 
Mr.  Cooper  on  August  31 

Perihelion  Paisi^  1846,  Maf  27*88085,  Oraenwicb  Mean  Time. 

»    82  :W  1 'I  7  \  Mean  Equinox, 

a    IGI  18  29  1  /      1846  0. 

i   67  36  24-2 

Log.  7    oinseo?^ 

Motion  Retrograde. 
The  errors  of  the  elements  at  the  time  of  the  middle  observation 
were  in  geocentric  longitude  — 1"*4,  and  in  latitude  -h4"'l.  The 
oocKctiQiii  for  abem^on  and  psnllax  were  dadoaed  from  M. 
CkMQoii's  fllsments*  The  oonataiiti  for  August  80tli,  nfttrtd  to 
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*  =  [9  98351]  .  r  .  sin  (358  55   9  +  o) 
t/~  1 9*A0669j .  r .  tin  (144  Sf  d4  + 
t  =  [9-99840 j.f.  do  (  8<l  dSS  +  v)* 

Mr.  Cooper's  obiemtaoa  oa  August  31  gave  the  foUowing 
podtion: — 

Greenwich  M.T.  R.A  Otc. 

Auguit  3l-46dtt3  Sf"  64'  «  0"  +M*»  37'  7-3" 

De  Vice's  SUth  Comet  (September  23,  1846). 

This  faint  telescopic  comet  was  discovered  by  Father  De  Vico,  in 
the  con^lcllatlon  Ursa  Majur.  AI.  Riimkcr  hass  reuhborved  the  slurs 
of  cumparibon,  and  computed  the  following  places  from  the  origiuul 
obienrationti— 

Rome  Bl.T.  ILA.  Dec. 

1844L  8Mt«».       8  6  38-5      198  il  44«3      -h64  14  83  4 

10  85  34-9      188  48  89*5      •h94  14  18*5 

M.  Wic^maim  rediaooTeied  this  comet  at  Konlgsbeii;. 

Konlgilbaf  M.T.  1UL  Use* 

11  m  <« 


e        i      II  Oil' 


1846.    Oct.  15.        8  3i>  m        187  33   5  1       +44  30  ^23*3 
16.       7  45  11        188  86  881I      +48  89  6-8 

Tlie  following  observations  were  made  at  Altona  and  Hamburg : — 

Altona  M.T.  R.A.  Dec.  No.  of 

h   D>     •  D     ,     «  c     i     „  Obi. 

1846.   Oct.81.     6  42  ID  7      193  11  40      +38  80  46 

Hamburg  SI  T. 

21.  7  5  18-2  193  12  46-1  38  19  473  « 
88.   16  80  50*1      194  17  843      36  57  53^6  18 

The  elements,  as  computed  by  M.  Puwaliiy  at  Altona»  aiid  by  M. 
Niebour  at  Hamburg,  prove  the  identity  of  the  comet  of  Wichmann 
with  Pe  Vioo's  ^sth  Comet 

Mknmtt  of  the  Sixth  Comet  of  De  Vico  (Sejttmber  23,  ]846}« 

by  Mr.  Hind, 

Tlie  following  orbit  depends  on  the  observations  at  Rome,  Sep- 
tember  23*,  Kdnigsberg,  October  15;  and  Altona  and  Hamburg* 
October  21.    All  the  small  corrections  taken  into  account. 

Tine  of  PeriheUoa  PsiMgc^  1846»  OeU  8974708»  Greenwioh  Mean  Time^ 

Longitude  of  Perihelion   98  ^  49  9  \  True  Equuiox, 

Longitude  of  Amending  Node          4  41   37  /  184^  Nor.  0. 

Inclination   49  41  17*1 

Log.  distance  in  I'eahdion    9-9193956 

Motion  direct. 

The  co-ordinate  constants  for  the  apparent  equinox  at  tho  begin- 
ning of  Noveml)er«  aret«— 
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Hind's  CWf  (OetoftfT  18, 1846). 

"A  few  miuutes  before  4  o  clock  oii  die  moriiiug  of  October  19, 
a  very  (aint  teleacopic  comet  was  discovered  here,  with  the  laige  re- 
fractor. It  WAS  just  bright  enoQgh  to  ])ear  a  slight  iUomtiiation 
sufficient  to  render  visible  the  tJiinE  wires  of  the  micrometer.  By 
observations  extending'  over  rather  more  than  one  hour,  or  until  day- 
break put  a  stop  to  them,  the  comet  was  found  to  have  n  direct  mo- 
tion in  right  ascension,  of  about  four  miuutes  in  time  daily,  and  a 
•oaUteilj  motion  in  deciination  of  about  eleven  minutea.  Bveiy 
night  fat  three  weeks  afterwards  was  cloudy  when  the  comet  was 
above  onr  horizon,  and  tlie  observations  of  October  18  are,  there- 
fore, all  wc  have  been  able  to  procure.  Mr.  Petersen,  M.  Rumker, 
and  Mr.  Brorsen,  tliou<?li  immediately  apprised  of  the  discovery  by 
Prof.  Schumacher,  have  liud  iiu  better  success,  owing  to  the  overcast 
aky.  The  comet  was  compared  instnunentally  with  Leonis,  for  an 
approximate  pontion,  and  subsequently,  by  means  of  a  wire  nucro- 
meter,  with  a  star  of  the  9th  magnttade. 

*'  The  instrumental  comparisons  gave,— 

QiMUHidi  If.  T.  K.A»  Dit* 

lltta  llliia  9     §  m 

Oet.  18.     16  15  11         11  59  491  59  32 

17   6  17         11  69  57'5         +14  59  8 

"  By  four  micromctrical  measures  with  the  small  star,  the  comet's 
rig'ht  ascension  was  38*"0S  less  than  that  of  tlie  star,  and  it?*  decli- 
nation 4'  26"'!  greater  than  that  of  the  Btar,  at  16^  64"'  16"  (ireen- 
wieh  mean  time.  We  are  not  yet  in  possession  of  (he  aocnmte  po- 
sition of  this  star. 

**  This  morning  (Nov.  11)  the  aky  was  okar  In  the  east  for  the 
first  time  since  the  date  of  the  comet's  disooveiy.  A  careful  aearcb 
was  made  for  it,  without  success." 

Observations  0/ Double  Stars,  matkat  Poonak,  />yCapt.VV. S.Jacob. 

The  telescope  is  by  Dollond,  5  feet  focal  length,  and  mounted  en 
an  universal  equatorial  stand,  which  mounting  is  not,  however,  so  well 
adapted  to  high  as  to  low  latitudes.  The  telescope  is  a  j>retty  good 
one,  but  shows  rather  large  discs ;  hence  Capt.  Jacob  has  found  no 
■dvantage  in  employing  a  higher  power  tlian  153.  With  this  power 
he  can  generally  measure  angles  of  position  when  the  stars  are  1**5 
i^wrt.  llie  distances  are  not  to  be  much  relied  upon,  as  **  little  can 
be  done  in  that  depnrtment  without  clockwork.**  More  than  half 
the  btars  are  taken  iiotn  Smyth's  Cycle,  the  remainder  are  such  as 
are  too  far  south  to  be  seen  in  England.  Many  of  these,  though 
discovered  by  Capt  Jacob,  will  proibulybe  found  m  the  forthooaing 
catalogue  of  Sir  J,  F.  W.  Hendid.  In  attempting  to  detenaiBe  tha 
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orbiti  of  double  stars,  Capt.  Jacob  has  only  been  satisfied  with  that 
of  12  Ca£siupeue,  which  is  circular,  inc^lincd  tu  the  eye  at  au  angle 
of  33°;  period,  dOl'6  veMU;  oetmt  approach,  1688*0;  greateft 
and  leaat  distances,  12'^-6  and  ^^9%  poiition  of  nodft,  54^' I,  'ilua 
a  iur  iiiaft  apprgyimatintt* 


XV.  IntiUigence  and  MuceUaneoui  ArtieUt, 

BURATITE — A  NEW  MINERAL. 

THIS  miiieiiii  is  a  liydrocarbonate  of  ziuc,  copper  and  lime,  in  de- 
finite proportions ;  it  crystallizes  in  biniah  radiating  needles ; 
its  specific  eravity  is  3*90.  Its  eoatposition,  acoofding  to  the  ana* 
Ijaia  of  M.Delesse,  is — 

Carbonic  acid     ,  21*45 

Oxide  of  zinc   32*02 

Lime    8*C2 

Oxide  of  copper   29*46 

Water   8r45 

Hie  lelatioos  between  the  elenenta  lead  to  tbe  Ibnnnla  S  (Zn. 

Co,  Ca,)  C4*aq>  and  admitting  the  ideas  of  M.  Scheerer  on  jxjIj. 

nierons  isomorphism,  tre  obtain  the  very  simple  formula  CO-  (RO)^ 
Buratitf  hns  bc(Mi  found  in  the  coj)i)er  mines  of  Lotefskoi  in  the 

Altai  mountains,  at  Chessy  near  Lyons,  at  Temperino  in  Tuscany* 

and  in  several  other  locaUties. — Comptes  Rendits,  Octobre  26. 


ON  BISULPHURET,  TERSULPUURRT,  AND  SULPUOCYANURET  OF 
METHYLB.    BY  K.  AUGUSTS  CAHOUS8. 

The  first-named  compound  is  obtained  with  equal  facility  bypass- 
ing a  cnmnt  of  efalorometbylio  gas  into  an  atoobolie  sdntion  iS\A* 
anlpbttret  of  potassium,  or  by  distilliBg  a  mixture  of  the  c<mcentrated 

?olutions  of  bisulj)huret  of  potassium  and  sulphomethylatc  of  lime.  In 
both  cashes  a  slightly  yellow  limpid  liquid  is  obtained,  which  bf";rins 
to  boil  nt  230°  to  about  234°  F.,its  boihog-pointreachmg  trom  ^^0° 
to  338^  F. 

If  the  alkaline  snIplMueteBQployed  be  v«7  pure,  the  greater  part  of 

the  liquid  distils  between  230°  and  248°  F.  By  separating  thia 
product,  drying  it  over  chloride  of  calcium  and  i^ubmitting  it  to  one 
or  tvro  rectifications,  a  definite  liquid  h  obtained  which  boils  between 
241^  and  245'^  F. :  this  is  the  hi-ul|!lniitt  of  methyle.  When  pure  it 
is  a  colourless  liquid,  perfectly  limpid,  refiracting  light  powerfully, 
and  possessing  an  Intoloabte  and  |)enistent  odoor  of  onions.  Its 
dcnsitf  Is  1*046  at  64^*4  F.  It  la  scarcely  soluble  in  water,  bnt 
aererthcless  imparts  to  it  its  peculiar  smell :  alcohol  and  a'thc  r  com- 
bine with  it  in  all  proportions.  On  the  approach  of  an  ignited  body 
it  inflames  and  bums  with  a  blue  Hame,  yielding  a  strong  smell  of 
sulphurous  acid.  , 

Chlorine  acts  powerfnllj  on  this  eompound:  tiiere  is  at  first 
PkiL  Mag,  S.  3.  Vol.  80.  No.  198.  Jan.  1847.  F 
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iatmed  aa  imber-ooloured  substance,  whieb  oytliniiei  in  AoaAite 

tables  possessing  much  lustre.    These  crystals  are  soon  destroyed, 

and  are  replaced  by  a  yellowish  liquid,  which  eventually  becomes  of 
a  niby-red  colour;  by  continuinji^  the  action  there  are  obtained 
chloride  of  sulphur  S  Cl%  aud  perciiiuiide  ui  sulphuret  of  methyle 

Bromine  also  acts  upon  tliis  body*  fomang  pradnetB  denred  irooi 

tobetitution. 

Very  dilute  nitric  acid  has  no  «en  action  in  the  cold  on  bisul- 
phuret  of  methyle  ;  but  itb  ditterent  when  it  is  moderately  dilute.  In 
this  case  tlie  action  is  extremely  vivid ;  sulphuric  acid  is  produced^ 
and  a]ao  a  peeuUar  acid,  whidi  fimni  with  potaah  a  salt  tliat  cry- 
•taUizes  in  long  asbastifonii  needlaa,  and  with  barytas  a  salt  wbidi 
oystallizes  in  colourless  tables  and  possessing  much  splendour.  It 
also  form*'  with  ?tronti:i,  lime,  and  the  oxide  of  lend  salts  which  are 
soluble  and  crystallizabie.  bulphuric  acid  when  coik  entrated  com- 
bines with  it  ia  the  cold,  and  decomposes  it  wiien  heated. 

When  heated  in  a  retort  with  a  concentrated  solution  of  potash,  it 
diatOa  withoat  appearing  to  undergo  any  tdteraftknis  whenaabnitted 
to  analyais  it  a|»peaied  to  be  composed  of— 

C*    150*0,  orin  100  95-53 

H«   37  5  6-38 

S«   4000  68-09 

587-5  100-00 
The  density  of  the  i«poiir  of  tiiis  snbstanoe,  taking  the  mean  of 
two  experiments,  was  found  to  be  3'298;  and  the  author  obsenrea 
f  hat,  supposing  the  molecule  of  this  compound  to  give  two  volomea 

of  vapour,  the  density  wfnild  be  3*259. 

Tersuiphuret  of  Mr/ /ii//r  — -"Whvn  bisulphuret  of  potassium  is  re- 
placed by  the  pei^ulpiiurcL  m  lomiing  the  above  compound,  a  con- 
aideraUe  quantity  of  bisulphuret  of  methyle  is  also  obtained ;  bat 
towards  the  end,  and  at  the  temperatnre  of  about  896^  F.,  an  amber* 
coloured  product  distils,  which  contaioa  more  sulphnr,  and  whidi 
acts  with  chlorine  and  nitric  acid  in  the  same  manner. 

The  high  boiling-jioint  of  thi«  ?\d)'^trtnrc,  and  the  slight  alteration 
which  it  undergoes  by  heat,  prevented  the  autlior  from  ascertaining 
the  density  of  its  vapour.  Analysis  showed  that  it  wa^  a  tersui- 
phuret of  methyle. 

C«.   150-0,orln  100  19*05 

H«   37-5  4-76 

S»   nnoo  76-19 

787-5  100  00 

Sulphocyanuret  of  Methyle, — On  distilling  a  mixture  of  e^ual  parts 
of  a  concentrated  solution  of  sulphocyanurat  of  potastfum  and  aul* 

Ehomathylate  of  lime,  there  passes  over  witli  the  TiqHmr  of  water  a 
eavy  ydllowish  liquid,  which  after  being  dried  over  chloride  of  cal- 
cium, posieases  a  fixed  boiling-point ;  nine*tenths  of  the  picduet 
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oome  o^er  at  about  270°  F. ;  the  tcmpemtnre  at  which  th«  laat  por* 
tion  comes  over  may  amount  to  280"  F. 

The  preparation  of  this  product  is  difficult  on  account  of  the 
bumping  of  the  liquid,  wiiicii  sometimes  comes  over.  It  must  be 
heated  uowly,  and  the  retort  should  be  ten  times  larger  than  reqiiire4 
to  contain  the  liquid. 

Sulphocyanuret  of  methyle,  after  it  has  been  purified  by  digestioa 
over  chloride  of  calcium  and  rectificfition,  has  the  foUowing^  proper- 
ties ;  it  is  a  colourless  and  very  iiinpid  liquid  ;  it  has  an  nllinceous 
odour ;  its  vapour  is  unpleasant  and  it  stupeties  ;  it  boils  &teudily  at 
about  270°  F.  Its  density  is  1*115  at  about  61*^  F.  Water  dissolves 
a retf  small  portion,  but  it  nererthdess  acquires  its  odour;  it  com* 
bines  with  alcohol  and  aether  in  all  proportions. 

In  diffused  light  chlorine  acts  very  slowly  upon  it,  producing  fine 
crystals  of  chloride  of  cyanogen  ;  and  at  the  same  time  there  is 
fwmed  a  large  quantity  of  a  heavy  yellow  oil,  which  solidifies  when 
in  contact  with  ammonia* 

Potssh  scarcely  acts  upon  it  In  the  cold.  A  solution  w  hen  heated 
decomposes  it,  and  there  are  formed  ammonia  and  hisulphuret  of 
methyle  ;  the  residue  contains  cyanuret  of  potassium  and  carbonate 
of  potash. 

Solution  of  ammonia  alters  it  readily,  giving  rise  to  a  brown  sub« 
stance  analogous  to  nhnine,  and  a  small  quantity  of  a  crystallized 

white  matter.    Heated  in  an  alcoholic  solution,  the  sulphocyanuret 

of  methyle  is  decomposed  ;  there  arc  produced  hisulphuret  of  methyle 
and  sulphocyanuret  of  potassium,  easily  recoLTniscd  by  the  persalta 
of  iron.    Moderately  concentrated  nitric  acid  dissolves  it  when 
heated,  but  itTseparates  entirely  on  cooling. 
By  analysis  it  appears  to  conatst  o^ 

C«   800*0,  orm  100  33-87 

H«   37-5  411 

N«.   177-0  19-18 

S«   400-0  43-84 

914-5  100-00 
The  mean  of  two  experiments  gave  2'559  as  the  density  of  its 
vapour ;  whereas,  supposing  its  molecule  to  yield  four  volumes  of 
vapour,  calculation  would  give  2*537.— ilas.  «p  Ch,  et  de  PA.,  No- 
Tcmbre  1846. 


ON  SULPHOCYANURET  AND  BISULPHURET  OF  ETHYLE. 
BY  M.  AUGUSTE  CAHOURS. 

Sulphocyanuret  of  Ethyle. — Uy  distilling  a  mixture  of  sulphovinate 
of  lime  and  penulphuret  of  potassittm,  both  solutions  being  concen* 
trated,  ayellowish  liquid  is  obtained,  which  after  washing  with  water, 

digesting  on  chloride  of  calcium,  and  cautious  rectification,  becomes 
a  colourless  and  very  limpid  liquid,  the  odour  of  which  resembles 
that  of  aulphocyauuret  of  methyle.  Its  density  is  1  020  at  about 
61°  F.    It  is  insoluble  in  water,  but  alcohol  and  aether  dissolve  it  iu 

F2 
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an  proportkms.  It  acts  siiniltfly  to  ntlpbocyAQBiet  of  metbyla  BfWB 

reagents. 

Chlorine  and  bromine  act  energetically  on  the  sulphur  compounds 
of  methyle  and  o£  etbyle*  With  ImouDe  perfieetty  weU^eryitaUiMd 
Gombb^KoiM  are  obtiused. 
By  analyms  this  substance  appears  to  be  composed  of<» 

C>«   450  0.  or  in  100  parti  41-38 

H"»   ....    62-5        ....  5-74 

N«   177  0        ....        16  09 

S«   400*0        ....  86*79 

10«9-5  10000 
By  experiment  the  deiuity  of  the  vapour  of  this  substance  was 
found  to  be  3'0I8»  wb3e  caleulation  wotud  lead  to  3'032»  supposing 

the  molecule  represented  four  volumes  of  vapour. 

Bisulphuret  and  Tersulphuret  of  Ethyh. — The  former  was  obtained 
in  considerable  quantity  by  distilling  a  mixture  of  s»ulphovinate  of 
lime  and  persulphuret  of  potassium ;  but  towards  the  end  of  the 
rectification  of  the  rough  product  there  came  over  a  ydlovish  and 
slightly  volatile  Hquid,  which  gave  by  analysis  results  which  tended 
to  show  that  it  was  to  be  conslden*d  ns  a  tersulpliurct  of  cthyle. 

M.  Cahour.«;  analysed  tlie  bisulphuret  of  ethylc.  and  his  results 
agreed  preeisely  with  those  previously  obtained  by  M.  P.  Morin, 

H*"  S*.  The  density  of  its  vapour  was  found  by  experiment  to 
he  4*270,  and  by  calculation  4*240,  on  the  supposition  mat  the  mo- 
lecule of  this  compound  furnishes  two  volumes  of  vapour. 

Chlorine  vividly  act.>*  hjioti  the  two  compounds  above  described ; 
moderately  concentrated  nitric  acid  does  the  same,  a  j^rtiou  of  the 
sulphur  being  converted  into  sulphuric  acid  :  there  is  also  produced 
an  acid  susceptible  of  forming  soluble  and  crystallizable  salts  with 
potash,  barytes,  and  oxide  St  lead.>^iliiii.  die  CI.  el  M  Phf9,,  No- 
vembre  1846. 


AIIALT8I8  OV  THV  WHITE  DIOF8IDB* 

M*  Hennann  found  this  substance  from  Achmatowsk  to  consist  of-^ 

Silica    53*97 

Lime    2'  no 

Magnesia   17 

Protoxide  of  iron   2"00 

Protoxide  of  manganese  . .  0'57 

100  00 

This  analysis  corresponds  to  tiie  formula  Si^  M*  O** :  [Si*  (Ca* 
Mg«)  0«] . WoM.  it  Pkmrn,  it  de  Ch.,  Novembfo  184& 


ANALYSES  OP  TH£  NATIVE  PHOSPHAT£8  OF  COPPER. 

BY  M.  HERMANN. ' 

The  ])liosphatcs  of  copper  do  not  occnr  more  extensively  any- 
where than  in  the  mines  of  Nischnutagiisk  in  the  Uralian  Moun- 
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tains ;  M.  Hermaon  has  submitted  to  analyaw  eome  fine  apecunem 

of  this  minernl  from  them. 

The  method  of  analysis  which  he  adopted  was  the  following  : — he 
reduced  the  mineral  to  fiae  i>owder,  calcined  it  to  determine  the 
water,  and  itiaed  the  residue  with  four  times  its  weight  of  soda  at  a 
red  heat;  it  was  then  treated  with  boiling  water*  and  the  remaining 
oxide  of  copper  was  weighed  after  heating  to  redness.  '1  he  ])hos- 
]>!ioric  acid  was  afterwards  ascertained  bj'  deficiency,  after  having 
ascertained  the  absence  of  the  oxides  of  iron  and  manganese  in  the 
oxide  of  co)>per,  as  well  as  of  alumina  and  manganic  acid  in  the  alka- 
line eolation. 

The  liheihenite  of  Tagilak  yielded  65*89  oxide  of  copper,  28*61 
phosphoric  acid,  5"50  water.  Thc?e  resnlts  differ  a  little  from  thnee 
obtained  by  M.  Kiihn, — 66"94  oxide  of  copper,  20"44  pho-)iliorjc 
acid,  4  01  water;  and  also  from  those  of  Berthier, — oxide  of 
copper,  28- 7  phosphoric  acid,  and  7*4  water. 

Dihifdrite  (prismatic  phosphate  of  copper)  yielded  68*2  oxide  of 
copper,  25*3  phosphorio  fcid,  6'28-6'G9  water.  Arfwedson  oIh 
tained  nearly  the  same  resnlts  with  a  phosphate  from  Rheinlireitea-. 
bach. 

The  phosphorocalcite  is  the  most  widely  ditfused  of  the  phosphates 
of  copper.   M.  Hermann  analysed  three  specimens  of  it : 

Oxide  of  copper  ...  .  68*75  ....  G773  ....  67-25 
Phosphoric  acid ... .  23*75  ....  23-47  ....  24  55 
Water   7*50   ....     8  80    ....  8*20 

100-00  100  00  100  00 

Except  that  the  water  is  in  mther  larger  quantity*  this  phosphate 
has  the  same  composition  as  the  diliydrite. 

The  analyses  of  Klaproth,  Kuhu  and  Lunn  differ  much  from  those 
of  M.  Hermann ;  it  woold  appear  that  Lunn  analysed  a  different 
minenl. 

Under  the  name  of  ehltte  another  phosphate  of  copper  has  been 
dcfTribcd  ;  it  is  frnind  nt  Elil.  near  Uheinbreitenbach.  M.  Hermann 
found  a  specimen  from  Ta'^^ilsk  to  consist  of  oxide  of  copper  66  66, 
phosphoric  acid  23*  14,  water  10  00;  he  describes,  under  the  name 
of  tt^ithe,  an  durtliy  phosphate  of  copper  fonnd  aft  Tsgilsk,  on  hy- 
drate of  iron,  in  the  form  of  mammillated  or  spongy  deposits.  Its 
spedfic  gravity  is  about  8*60.  It  dissohres  in  aeids  without  giving 
out  any  e-n?. 

The  tromboiite  is  anotiier  ])hosphate  of  copper  found  at  Tagilsk ; 
it  has  already  been  described  by  M.  Plattner ;  it  is  remarkable  for 
its  eoncholdal  fraetoie;  it  was  found  to  consist  of  39*3  oxide  of 
copper,  41*0  phosphoric  acid*  I6*S  water.  M.  Hermann  has  disco- 
vered the  phenakite  in  granite  to  the  west  of  Lake  Ilmen,  at  some 
versts  from  Miask,  accompanied  with  topase  and  Uuish  stiibite^ 
Ibid,  Not.  1846. 
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OH  CHIOLITfi-*A  NBW  MIVBRAL.    BT  M.  HBRM AKH* 

There  La  found  in  tlic  granite  ui  tlie  district  of  Aliask  in  I\ussia  a 

white  mtnenl,  which  hat  mach  memhlanoe  to  eiTolite,  bat  the  am- 

positioa  is  difibrent. 

This  new  mineral  ocean  in  compact  and  granular  maates,  and 
poinettmes  spathose  or  leafy.  The  lamellar  portions  are  somewhat 
trantsluceut,  and  j^ive  an  appearand'  to  the  mineral  of  its  being 
impregnated  with  moiBture  or  with  fatty  matter.  The  cleavage  tucea 
fionn  an  angle  of  66^. 

Its  hardness  is  that  of  floor  spar;  its  lustre  is  between  vitreous 
and  greasy.  Its  density  is  2*72.  It  fuses  below  the  melting-point 
of  glass,  without  yieldine^  a  trace  of  n-fitcr.  Heated  in  an  open 
tube,  it  evinces  the  action  of  hydi  »llu  jric  aeid.  It  fuses  readily  with 
borax  aud  a  piiosphate,  giving  coiouriess  glasses.  When  mixed  with 
anlphnric  acid,  the  powdered  mineial  di^ngages  much  hydroflnorie 
acid.  Oafbomate  of  ammonia  predpitates  pnre  alumina  ftom  the  lo- 
lutiou  ;  the  liijaor  separated  from  the  precipitate  oontains  pure  aol* 
phate  of  soda,  unmixed  with  potash  or  lit£ua. 
M.  Hermann  found  it  to  consist  of— 

Sodinm   23-78 

Alumioium    18*69 

Fluorine    57*38 

100  00 

Cryolite  contains,  for  the  same  quantity  of  fluoride  of  sodium,  only 
half  the  quantity  of  fluoride  of  aluminium  contained  in  chioUte.— 

liid. 


F0RIFICATIOM  Ol  MERCUKT.    BY  M.  MILLON. 

Mercury  may  be  perfectly  purified  by  agitating  it  for  a  consider- 
able time  with  weak  nitric  add*  WiUi  two  pcmnds  of  the  metal, 
aboat  an  onnee  and  a  half  of  the  acid  dOated  with  twice  its  vblone 

of  water  may  be  employed.  The  mercury  ^ed  from  the  nitrate  thai 
formed  is  to  be  boiled  with  pure  nitric  acid  snffirirnt  tn  di-=:oIve 
about  nine-tenths  of  the  metal  ;  the  resulting  nitrate  of  mi  rcury  is 
to  be  reduced  to  red  oxide  by  heat,  and  this  is  to  be  calcined  in  a 
poroelain  retort  to  reduce  it. 

By  the  action  of  the  flut  poitioii  of  nitrio  aeid  flie  aunt  aiidahle 
metals  are  acted  upon;  the  second  portion  of  acid  leaves  the  iMlala 
less  oxidable  than  mercury  in  the  undissolved  j>ortion. 

A«  tlif"  mf-rcury  reduced  by  this  process  dissolves  n.  nnta^ilc  qiuiu- 
tity  of  oxide,  this  last  is  to  be  separated  by  agitation  wkh  sulphuric 
acsd ;  it  is  afterwards  to  be  washed  with  a  very  large  quanti^  of 
water,  and  dried  in  the  reoeifer  of  tiie  aii^munp  ovw  anlplinrie  arid. 
Mercury  thus  purified  waa  employed  by  M.  H^gnanlt  m  hii  thizd 
determinntinn  of  its  density. 

Al*  Millon  states  that  when  a  saline  aolntion,  each  as  chloride  of 
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calciom,  kydrocUoimto  of  ammonift,  nitrate  of  potash,  &c.  is  added 

to  mercury  in  a  bottle,  the  mercury  is  always  divided  into  rounded 
globulus,  which  remain  separated  from  each  other  for  a  long  time ; 
but  what  is  very  strikiiig  is,  that  the  si/e  of  the  globules,  which 
varies  enormously,  is  always  connected  with  the  nature  of  the  aqueous 
•oliitioD.  Some  sotations  imme^tdy  cause  extreme  division  in  the 
mercury ;  others,  on  the  contrary,  produce  only  very  large  globules* 
to  whatever  extent  the  agitation  may  have  been  carried  ;  and  the 
«ame  effect  is  always  produced  with  the  same  solution.  It  is  to  this 
intiuence  of  saline  solutions  that  is  due  the  dithculty  often  wituesi^d 
in  collecting  mercury  when  it  has  been  reduced  in  the  moist  way. 
— Asm.  deCh,etd0  Phys.,  Novembre  1846. 


VBTBOBOLOOICAL  OBSBRVATIONfl  FOB  NOT.  1846. 

Chitwick. — November  1.  Fofgj.  2,  3.  Very  fine.  4.  Overcast.  5.  Foggy 
and  drizzly.  6,7.  Foggy:  hazy.  8.  Foggy.  9.  Hazy  and  cold,  10.  Dusky 
clouds:  fine.  11.  Cold  and  dty.  12.  Overca&t.  13.  Hiuy.  M.  Foggy. 
15.  Cloudy.  16.  Overcast :  cloudy  and  fine.  17.  Denielyoveffcwt:  slight  raio 
at  nipVit.  18.  CloucH  very  finf.  19.  Cloiiclv  nnrl  dnmp  •  very  fine.  ?0.  Cloudy: 
boisterous.  81.  Very  tine  :  rain.  22.  Fine:  clear.  '21i.  blight  rain :  overcast. 
S4.  Hwy  ftnd  damp :  nin :  overcast.  Sfi.  Bain.  S6.  Clear  and  fine :  foggy. 
87.  Dense  fog.  88.  Clear  and  fine.  89.  Frosty :  dear  and  fine.  30.  Sharp 
ftost:  overcast. 

Mean  temperature  of  the  month   44*^*53 

Mean  temperature  of  Nov.  1845   4-i  '26 

Mean  temperature  of  Nov.  for  the  last  twenty  years  ...  '12  '91 
Average  amount  of  rain  in  Nov.   2  56  inches. 

Alston. — Nov.  1.  Foggy.   8,  Pine.   S,  4.  Cloudy.    5.  Fine.    6—9.  ^ottdy. 

10,11.  Fine.  12  —  14.  Cloudy.  15.  Cloui?y  :  rain  p.m.  16.  Cloudy.  17. 
Cloudy:  rain  r.M.  18.  Cloudy.  19.  Fine.  20.  Stormy.  21.  Cloudy:  rainr.ai. 
98.  Fine :  rdn  r.K.  83.  Cloud j :  rain  f.m.  84.  Fine.  25.  Cloudy.  26.  Fine. 
27.  Cloudy  :  rain  a.m.  and  p.m.     28.  Cloudy :  snow  r.if.    89i.  Fine:  anow  ott 

tbe  ground.    30,  Fine  :  melted  snow  in  the  gauge. 

Sandwick  Mnn$etOrkney. — Nov.  1.  Showers ;  cloudy.  2,3.  Cloudjf.  4.  Bright: 
tain.  5.  Bright :  cloudy.  6.  Hazy:  rain.  7.  Bright:  showen.  8.  Brivbt: 
clear:  fine.  9.  Clear:  very  clear  and  fine.  10,  Hoar-frost:  cloudy  :  nnc. 
1 1—15.  Cloudy :  fine.  16.  Bright ;  clear ;  eurora.  17.  liain :  clear ;  aurora* 
south.  18.  Clear :  showers.  19.  Clear :  annwB.  80.  Rain :  showers.  81. 
ShoMers.  22.  llain  :  clear.  23.  Damp:  cloudy.  24.  Showers.  25.  Slio^vcr'; : 
cloudy.  26.  Showers.  27.  Hail-showers.  88.  Snow :  bail-showers.  29.  Snow- 
drift :  clear.    30.  Cloudy  :  shower  :  thaw. 

Jpplegttrih  Manse,  DumJHet shire.— Vor.  I.  Slight  showers  r.M.  8.  Showers 
morning  and  evening.  3.  KuinrM.  4.  Moist  a.m.  :  rain  r.M.  5.  Showers.  6.  Fair, 
but  moist.  7.  Fair,  but  dull  and  cloudy.  8.  Fair  and  fine.  9.  Fair,  but  cloudy. 
10.  iloar-frost;  clear  and  fine.  11.  Fair  and  fine :  hoar-frwt  a.m.  18<->'15» 
Fair,  but  dull.  16.  Clear:  piercingly  cold.  17.  Wet.  18.  Showers.  19.  Heavy 
rain,  m  Heavy  rain :  river  in  flood.  21.  Heavy  rain:  thunder  r.M.  22.  Rain. 
2.^  Heavy  rain.  24.  Rain  a.m.  25.  Rain  and  fog.  26.  DuU  and  drizzly. 
27.  Fair.    28.  ahower  of  anow.    89.  Hard  froati  dear.    9a  Frost: 

thick  and  foggy. 

Mean  temperature  of  the  month  44°'4 
Mean  temperature  of  Nov.  1845   48  *7 

Mean  tcmpt'raturi.  of  Nov,  fur  23  years  >•••••.  40  '2 

Mean  rain  in  Nov,  for  18  years    S*63  inches. 
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XVI.    The  AsTRONuMEu  Ruyal  on  Sir  David  Brewster's 

New  j^ftalt/sis  of  Solar  Light, 

To  the  Editors  of  the  Philotophiad  Magazine  and  Jou>fiaL 
Gbntlbhxn, 

Royal  Observatory,  Greenwich,  Jan.  15,  1847. 
I  N  the  Notes  to  tlic  secoiui  editinji  of  the  History  of  the 
*  Inductive  Sciences,  Dr.  Wliewell  has  (with  my  couseiit) 
referred  to  experinu  iUs,  made  bv  nie  and  described  by  me  at 
a  meeting  of  the  Cambi  idgu  IMulosophical  Society^  leading  tu 
invalidate  llie  oonclustons  drawn     Sir  David  Brewster  in  a 
paper  headed    On  a  New  Aiudysu  of  Solar  Light,  iodicatinff 
three  Primary  Colours,  forming  Coincident  Spectra  of  equal 
length,"  which  is  printed  in  the  twelfth  volume  of  the  Edin« 
bui^h  Transactions.    I  think  it  therefore  incumbent  on  me 
to  give  to  the  public  the  best  account  that  I  am  now  able  to 
give  of  these  experiments.    The  reason  of  the  partial  imper- 
fection of  the  account  is  the  following.    I  never  drew  up  in 
writing  any  orderly  slatemeni  either  ot  the  experiments  or  of 
the  reasoning  connected  with  them.    I  had  the  pencil  notes, 
wntLen  each  uL  the  tnstimtof  making  nn  experiment ;  andfrom 
these  notesy  or  rather  from  the  sti  ong  recollection  of  eveiy 
experiment  detailed  in  the  notesi  I  made  my  oral  statement 
(as  far  as  the  mere  experimental  facts  were  concerned)  to  the 
Cambridge  Philosophical  Society.   These  notes  I  have  mis^ 
Uadf  and  in  consequence  I  am  unable  to  give  details  on  the 
names  and  combinations  of  the  difierent  absorbing  substances 
whicli  I  employed.    But  upon  the  method,  upon  the  results, 
and  upon  the  reasonings,  my  n  collection  is  as  perfect  as  it 
was  on  the  days  on  which  the  ex[)cninents  were  made.  Ha- 
ving premised  this,  I  shall  give  niy  statement  in  the  same  onler 
in  which  1  gave  it  (in  the  year  lb'.i5,  i  believe)  to  the  Cam- 
bridge Philosophical  Society. 

P2i/.  Mag,  S.  3.  Vol.  .SO.  No.  199.  Feb.  1847.  G 
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74-      Tlie  Astroiioiaur  Royal  on  Sir  Davlti  Brewster's 

First,  tben^  I  remark  that,  supposing  Sir  David  Brewster's* 
alleged  experimental  facts  to  be  placed  beyond  doubt,  the  infer- 
ence as  to  the  three  colours  is  exceedinjrly  doubtful,  it  appears 
certain  that  combinations  of  other  colours  might  be  uiade  to 
produce  the  apparent  colours  of  the  s]iectrum  ;  and  there 
seems  therefore  to  be  no  suflicieiit  rea^^on  for  selectin*;  those 
adopted  by  Sir  David  Brewster,  it  is  (juite  proper  ihuL  the 
reader's  attention  should  be  called  to  this;  for  in  conseqaence 
of  Sir  David  Brewster  having  given  th«  details  of  his  theory 
in  considerable  extent  before  he  gives  the  experiments,  tiie 
reader  may  be  led  to  suppose  that  the  experiments  do  actually 
exhibit  three  such  spectra  as  are  implied  in  the  title  of  the 
paper*  Those,  however,  who  will  enter  into  the  minutiae  of 
the  paper,  will  see  that  the  experiments  exliibitno  such  thing. 
The;  simple  facts  which  the  experiments  are  supposed  to  ex- 
hii)ii  iire,  that  by  the  use  of  difTercnt  absorbing  media,  certain 
portions  of  tlie  spectra  untleigo  certain  changes  of  colour. 
And  tlie  only  question  which  I  am  disposed  to  entertain  is 
this :  Is  it  established  that  the  colour  of  any  portion  of  the 
spectrum  is  obaDged  by  the  use  of  enj  absorbing  medium? 

My  second  remark  applies  Co  what  I  eooeeive  to  be  one 

n*ble  cause  of  error  in  Sir  David  Brewster^a  expeHment. 
»es  not  appear  from  his  paper  that  the  speotmm  in  its 
modified  state  was  compared  immediately  with  an  unmodified 
npectrum.  Now  I  state  unhesitatingly  as  my  own  belief,  that 
the  eye  has  no  memory  for  colours  ;  and  I  have  no  confidence 
in  any  evidence  uj^on  the  cliange  of  colour,  unless  the  ciilonr 
which  is  not  altered  and  the  colour  in  which  change  is*  sus- 
pected are  placed  side  by  side. 

Thirdly,  1  remark  tiiat  it  docs  nut  appear  tliat  tare  was 
taken  to  exclude  light  coming  to  the  eye  from  other  sources* 
Indeed^  in  an  experiment  of  Sir  Willuua  Herschers»  to  which 
Sir  David  Brewster  refers,  it  is  certain  that  there  was  a  mix* 
ture  of  other  light.  When  the  spectrum  was  thrown  upon  clean 
bras6»  **t})c  coTonr  of  the  brass  made  the  red  rays  appear  lil» 
orange,  and  the  orange  colour  was  likewise  difierent  from  what 
it  ought  to  be."  But  on  referring  to  8ir  William  1  lerschel's 
paper,  it  will  be  seen  that  the  spectrum  was  formed  by  a  prism 
placed  in  the  upper  part  ol  nn  open  window;  and  it  is  not 
difliculf  to  predict  what  niu>t  in'  i  lie  effect  of  the  light  cow  iiig 
froiii  all  oilier  parts  ol  the  wauiuw. 

I  now  proceed  to  describe  the  iurm  in  which  my  own  ex- 
periments were  nmde» 

The  windows  of  my  ]ecture*room  were  darkened  by  dosing 
all  the  shutters,  the  joints  of  which  were  almost  auaolttlely 
impervious  to  light.   Through  a  hole  in  one  sfauttery  a  beam 
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of  Mli-Ught  was  thrown  in  a  convenient  direction  bj  meMii  of 
an  external  reflector.    In  front  of  this  hole^  iMt  at  a  distance 

sufTicient  to  leave  room  for  the  insertion  of  any  of  my  absorb- 
ing substances,  wa^^  ]ilared  a  metallic  plntc  with  n  nnr?-o\r  A\l 
about  two  inches  long  and  adjustable  in  width.  The  sun-1  i^lit 
passing  through  this  slit  was  received  upon  a  very  good  pn^l^ 
placed  with  its  axis  parallel  to  the  slit,  at  the  distance  of  about 
a  foot;  a  large  leiii>  was  placed  in  front  of  tlie  prism,  and  by 
flMAOt  of  thlt  the  raj9  diverging  from  tbo  li&X,  and  idling  on 
f  the  prism  were  made  to  oonwgi^  to  as  to  form  upon  a  paper 

•areen  a  very  good  speotnim,  suffidently  pure  to  eihibit  ae- 
feral  of  the  stronger  Fnuinhofer's  lines.  Care  was  taken  to 
prevent  any  other  light  from  foiling  directly  on  tfie  aeraen* 

In  order  to  exhibit  the  effect  of  any  absorbing  medium,  it 
was  only  necessary  to  place  it  behind  the  slit,  in  such  a  man- 
ner as  to  receive  aini  transmit  the  Hglit  which  was  to  pass 
through  a  portion  of  the  slit.  Tlie  corresponding  portion  of 
the  spccuuni  underwent  the  modification  proiluced  by  the 
absorpliun:  but  the  uioilihed  portion  oi  ihc  spectrum  was  iu 
no  d^ree  dislocaCed  from  the  unmodified  part  (Fraunbofer's 
lines  rnnping  without  dislocation  through  both),  and  the  modi^ 
fied  portion  was  separated  from  the  unmodified  portion  only 
by  the  small  interruption  which  is  usually  occasioned  by  the  * 
edges  of  any  refracting  substance.  It  is  impossible  to  conceive 
circumstances  more  fivourable  than  these  for  the  comparison 
of  the  modified  and  ininiodificd  spectra. 

Of  the  nbsor|)iivu  media  which  1  ii^^cd,  1  am  unable  (as  I 
have  nliuvuly  -tuted)  to  give  a  complete  catalogue.  I  had 
1jo\^  c\  ci  st;vi;ial  aj>ccinKiH  of  smalt-bUie  glass,  al!  the  varieties 
ol  Lolouied  glass  which  1  had  been  able  ai  tliiieienl  nines  to 
procure  from  a  glazier^  and  all  the  strikingly  coloured  fluids 
which  I  could  wtain  from  a  chemia^  as  well  aa  port  wine^ 
porter,  &c.  The  fluids  were  used  in  flat  perfumo-bottlea:  it 
would  have  been  better  to  use  them  in  slightljr  prismatie  tea- 
sels, which  would  adaait  of  the  naa  of  dtfl&ceni  thichncaios  of 

the  fluid& 

Of  the  results  of  these  experiments  I  can  give  little  more 
than  the  single  negative  one, — that  no  chaiip^e  wns  produced 
in  the  qualities  of  the  colours.  After  the  most  patient  exami* 
nation,  1  could  not  even  suspect  a  change  except  in  two  or 
three  instances,  when  1  imagined  liiuL  liie  blue  colour  was 
extended  both  ways,  so  as  to  trench  upon  the  green  on  one 
aide  and  upon  tlie  vidat  on  the  other  sida :  but  even  these 
anspiciona  were  removed  when  I  doaed  with  greater  care  the 
openings  by  which  a  little  stray  light  entered  between  the 
abttttei^hole  and  the  riit  in  the  plate  of  m^. 

G8 
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The  efidence  which  I  am  able  to  ctkt  upon  this  subject  is 

necesuirily,  from  the  nature  of  the  subject,  only  negative ;  and 
the  conclusion  to  which  it  leads  will  be  destroyed  by  tbe 

establishment  of  any  one  fact  in  opposition  to  it.  But  such  a 
fact  must  be  established  beyond  cloubt :  and  T  Imve  no  hesi- 
tation in  snyiii<;  di.it  no  form  of  experiment  niiterior  to  my 
own  has  been  sucli  n.s  to  place  its  conclusions  beyond  doubt. 
I  insist  upon  the  twu  pointij— o!  jiixinposition  of  the  modiiied 
and  lunnodified  spectra,  and  ol  exclusion  of  odier  light — as 
indispensably  necessary  for  accuracy. 

The  experimenter  must  dso  be  on  bis  guflfd  against  tbe 
apparent  eflbcts  of  mere  intensification  or  dilution  of  light  in 
modifying  its  quality.  Every  one  knows^  for  instance,  that 
when  tbe  setting  sun  is  beginning  to  assume  a  slightly  ydlow 
colour,  its  light  received  on  a  white  plaster  wall  appears  of  a 
full  blush  red,  although  there  is  not  the  smallest  reason  to 
think  that  the  <|uality  of  the  llirln  is  really  altered. 

1  am.  Gentlemen, 

Your  obedient  ^Servant, 

•    G.  B.  Airy. 


XVII.  On  the  Effects  of  Magnetism  upon  the  Dimensions  i(f 
Iron  and  Sieei  Bars.   By  J.  P.  JouLfi»  Esq.* 

A  BOUT  the  dose  of  the  year  1841,  Mr.  F.  D.  Arstali,  an 
inffenions  machinist  of  this  town,  suggested  to  me  a  new 
fcrm  of  electro-magnetic  en^e.    He  was  of  opinion  that  a 
bar  of  iron  experienced  nn  mcrease  of  bulk  by  receiving  tbe 

magnetic  condition  ;  and  that,  by  reversing  its  polarity  rn]>idly 
by  means  of  altemating  currents  of  electricity,  an  availal^le 
and  useful  motive  power  might  be  rtali/ed.  At  Mr.  ArstaiTs 
requefit  1  undertook  some  experimentb  in  order  to  decide  how 
far  his  opinions  were  well-founde<l. 

The  results  of  my  inquiries  were  brought  before  the  public 
on  the  occasicHi  of  a  eonversnnkme  bdd  at  the  Royal  Victofia 
Gallerv  of  Biancbester  on  tbe  16tb  of  Februaiy  1849,  and  ars 
printed  in  the  eighth  volume  of  Sturgeon's  Annals  of  Eleo- 
tricity,  p«  219.  As  many  of  my  readers  may  not  have  access 
to  that  work,  I  will,  with  tbe  permission  of  the  Editors  of  tbe 
Philosophical  Magazine,  quote  a  small  portion  of  the  paper, 
which  is  r^ecessary  to  complete  the  history  of  this  interesting 
brand)  oi  investigation. 

♦*  A  lenij;[h  oflhirtv  fee!  of  copper  wire,  one-twentieth  of  an 
inch  thick,  and  covered  with  cotton  thretod,  was  ioriuedinto  a 

•  ConDuoicated  bf  lbs  Aether. 
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coil  iwmtjF-two  inches  long  and  onc4hird  of  an  inch  in  interior 
diameter.  This  coil  was  secured  in  a  perpendicular  position; 
and  the  rod  of  iron,  of  which  I  wished  to  ascertain  the  incrfr> 
wmt9  mw  soepended  in  its  axis  so  as  to  receive  the  magnetic 
influence  whenever  a  currentof  electricity  was  passed  through 
the  coil.  Lastly,  tlie  tipper  exlremitv  of  the  rod  was  fixed, 
and  the  lower  extrcmiiy  was  attacliLd  tu  a  system  ol  levers 
which  multiplied  its  motion  three  thousaud  limes. 

*•  A  bar  ol  rectangular  iron  wire,  two  feet  long,  one  fjum  ter 
of  an  inch  broad,  and  one-eighth  of  an  inch  thick,  causcil  the 
index  of  the  multiplying  apparatus  to  spring  from  its  position 
and  ¥ibrala  abont  a  point  one-tenth  of  an  inch  in  advance^  when 
the  coil  was  made  to  complete  the  circnitof  a  battery  capable 
of  magnetizing  the  iron  to  saturation^  or  neariy  so.  Atier  a 
abort  interval  of  time,  the  indn  ceaaad  to  vibrate^  and  began 
to  advance  very  gradually  in  consequence  of  the  expansion  of 
the  bar  from  the  neat  which  was  radiated  from  the  coil.  On 
breaking  the  circuit,  the  index  immediately  began  to  vibrate 
about  n  exactly  one*tenth  of  an  inch  lower  than  that  to 
which  it  had  attained. 

**  By  multiplying  the  advance  of  the  index  by  the  [)ower  of 
the  levers,  we  nave  yn^^^th  of  an  inch,  the  increment  of  the 
bar,  which  may  be  otherwise  stated  as  72i;Wtr^^  of  its  whole  •  ^ 
iengtl). 

«« Similar  results  were  obtained  by  the  use  of  an  iron  wtroi 
two  fcet  kmg  and  one-twelfth  of  an  inch  in  diameter*  Fire 
pairs  of  the  nitric  acid  battery  produced  an  increment  of  the 
thirty-thousandth  part  of  an  inch  ;  and  when  only  one  pair 
of  the  battery  was  employed,  1  had  an  increment  very  sligbdy 
less,  viz.,  the  thirty-three  thousandth  part  of  an  inch. 

"  This  increment  does  not  appear  to  depend  upon  the  thick- 
ness of  the  bar ;  for  nn  electro-mai^net  mnde  of  iron,  three  feet 
long  and  one  iiicfi  square,  was  found  lo  e\))and  under  the  mag- 
netic inlliicnct;  to  nearly  the  samo  extent,  compared  with  its  - 
length,  as  the  wires  did  in  the  previous  experiments. 

*•  I  made  some  experiments  in  order  to  ascertain  the  law  of 
the  increment.  Their  )  esults  proved  it  to  be  very  nearly  pro^ 
portional  to  ike  intensity  of  the  magnetkm  and  tke  length  cf  the 
Aai'* 

^  Trial  was  made  whether  any  eftct  conld  be  produced  by 
using  a  copper  wtre^  two  feet  long  and  about  onc-tenth  of  an 
inch  in  diameter ;  but  I  need  scarcely  observe  that  the  attempt 
was  unattended  wish  the  slightest  success. 

"  A  very  good  way  of  observing  the  above  phaenomena  is 
to  examine  one  end  of  nn  electro- magnet  with  n  powerful  mi- 
croscope while  the  other  end  is  hxed.   The  iocremeat  in  then 


Digitized  by  Google 


78        Mr.  J.  P.  Joule  on  the  £ff'ecls  of  MagneHm 

observed  to  take  place  with  extreme  suddenness,  as  if  it  had 
been  occnsinned  by  n  blow  nt  the  other  extremity.  The  ex- 
pansion, lhou«^h  very  niinutey  is  indeed  so  very  i  ;^pi(l  tli:U  it 
may  be  felt  by  the  touch  ;  and  if  tlu-  rlct  Lro-niagucL  be  placud 
pt'i  pt  ijdicuiarly  on  a  hard  elastie  bod},  ^ucli  as  glass,  the  car 
can  icadily  detect  the  fact  that  it  makes  a  slight  jump  evtuy 
time  that  contact  is  made  with  the  battery. 

**  When  one  end  of  tb6  electro*magDet  is  applied  to  tht  ear» 
•  dietinct  musieal  aound  is  heard  efery  tioia  that  conlaet  is 
made  with,  or  broheo  fkom^  the  battm ;  another  proof  of  tho  i 
snddcnness  with  whidi  the  particles  or  iron  are  disdubed*'' 

In  8aotb«*  Dart  of  the  lecture  I  stated  my  reasons  for  sup* 
pomng  thai  wnilst  the  bar  of  iron  was  incmsed  in  lengtii  by 
the  magnetic  influence,  it  experienced  a  contraction  at  ri^ht 
angles  to  the  magnetic  axis,  so  as  to  prcveutany  change  taking 
place  in  the  bulk  of  the  bar.  I  intended  as  soon  as  possible 
to  bring  this  conjecture  to  the  teit  of  experiment,  and  I  pre- 
pared some  apparatus  for  tlie  purpose ;  but  owing  to  other 
uccupalions  I  was  obliged  to  reliiH(Ui3h  ilie  experiments  until  i 
the  beginning  of  last  summer.  In  the  meantime  the  inquiry 
has  been  taisn  vp  by  Da  la  Bife^  Mattaoeoiy  Wertheini, 
Wartmann*  Manjsiiy  Bealson  and  othei%  whcee  ii^faiioas 
»pertments  have  invested  tha  sabjeet  with  additionai  inierBst 
The  researclies  of  Beatson  have  taken  a  similar  direction  lo 
mine;  and  he  appears  also  to  have  employed  a  somewhat 
similar  apparatus  to  that  which  I  shall  presently  describe.  1 
have  confirmed  several  of  the  results  at  which  this  gentleman 
has  arrived,  antl  have  added  fact?,  which  I  hope  will 

throw  i'urther  light  upon  this  rather  obiicure  department  of 
physics. 

In  Older  to  ascertain  iiow  iai*  my  opinion  as  to  the  invai  ia- 
biiity  of  the  bulk  of  a  bar  of  iron  under  magnetic  influence  was 
weli-tendedf  I  devised  theisUoiring apporstMu  Tencopper 
iriraSf«aeh  liO  yards  hmg  and  onoii^wentieth  of  an  inoi  in 
diameter,  were  boond  tog^ber  by  tape  so  as  to  ibrm  a  good, 
and  at  the  same  tima  very  flexible  condoetor*  The  baodle  of 
wires  thus  formed  was  coiled  upon  a  glass  tube  40  inches  leog 
and  1^  inch  in  diameter*  One  end  of  the  tube  was  herme- 
tically sealed,  and  the  other  end  was  furnished  with  a  glass 
stopper,  whicli  was  itself  j)crforated  so  as  to  admit  of  the  in- 
sertion of  a  graduateil  capillary  tube.  In  making  lIjc  experi- 
ments, a  bar  of  annealed  iron,  one  yard  long  ami  half  an  inch 
square,  wa>  placed  in  the  tube,  which  was  then  filled  up  with 
water.  .  The  stopper  was  then  adjusted,  and  tiie  capiiiarv  tube 
inserted  SO  as  to  iorce  the  water  to  a  convenient  height  witnin  it 
•  The  bttik  of  tha  inm  bar  was  about  4^500^000  tbaes  the 
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cmNMltj  oC  MOli  ^vttioD  of  the  graduated  tube ;  consequently 
a  very  minute  expansion  of  the  former  wouUl  have  produced 
a  perceptible  motion  ol  the  water  in  tlie  capillary  tube  :  but,  on 
connecting  the  coil  with  a  DanieU'^  battery  of  live  or  six  ceils 
(a  voltaic  apparatus  quite  adequate  to  saturate  the  iron),  no 
perceptible  eifect  whatever  was  produced  either  in  making  ur 
breaking  contact  with  the  battery,  whether  the  water  was  sta- 
tionary intliestem,  or  gradually  rising  or  iaUiog  from  ft  change 
of  tmgmlan.  Now  bad  the  OfuaT  iocraMO  of  lengili  been 
nnMOOnpaniad  bj  a  corresponding  diminution  of  tbo  diamatar 
of  the  bar,  the  water  would  bava  been  forcad  tbioogii  twanty 
divisions  of  thacapiUaiy  (uba  ovary  tuna  tbataoolaawaaniaaa 
with  the  battery. 

Flaving  thus  ascertained  tliat  the  bulk  of  tlie  bar  was  in- 
variable, 1  proceeded  to  rf})(-dt  my  first  experiments  with  a 
more  delicate  apparatus,  m  order,  by  a  more  careful  inves- 
tigation of  the  laws  of  the  increment  of  leogthi  to  ascend  to 
tlie  probable  cause  ul  liie  pnainonieuon. 

A  coiled  glass  tube»  similar  to  that  already  daacribod,  waa 
fiwd  vartiouly  Id  o  woodm  frame.  Ita  length  waa  snob  tbaft 
wbao  a  bar  ono  yard  long  waa  introdncad  lo  aa  to  raat  oo 
the  sealed  oiid»  aacb  exlmnity  of  tha  bar  \vas  a  full  inob 
witbin  tbo  corresponduig  axiramity  of  the  coil.  Tlie  ippa^ 
ratus  for  observing  the  incremant  of  length  consisted  of  two 
levers  of  the  first  order,  and  a  powerful  microscope  situated 
nl  tlie  extremity  of  the  second  lever.  These  levers  were 
luiiiished  with  brass  knife  c«li(es  resting  upon  glass.  The 
euonexion  between  tlie  free  Lxti\inity  of  the  bar  ol  nuii  anil 
the  first  lever,  and  that  between  ihc  two  leverti,  were  e^ta** 
blished  by  means  of  exceedingly  fine  platinum  wires. 

The  first  lefer  multiplied  the  motion  of  tbe  extremity  of 
the  bar  7*8  times, tbe  saoond  mdtiplied  tbe  motion  ortbe 
first  8  times,  and  tbe  microscope  waa  fiimisbcd  witb  a  micro- 
meter divided  into  parts  each  corresponding  to  y^^th  of  an 
incb.  Consequently  each  division  of  the  micrometer  passed 
over  by  the  index  indicated  nn  increment  of  tbe  length  of  tbe 
bar  amounting  to  ytnT  j  ':^^^  of  an  inclj. 

Tlie  (|iiantiiic's  ol"  elcciricity  passing  through  the  coil  were 
mcnsiii  cil  by  an  accurate  galvanometer  of  tangents,  consisting 
of  a  circle  of  thick  copper  wire  one  foot  in  diameter,  and  a 
needle  half  an  inch  long  furnished  with  a  suitable  index. 

The  qnantitiaa  of  masMtic  poUrity  communicated  to  the 
Iron  bar  were  maasufedby  a  finely  anspendad  mi^at  U 
inches  long,  jilaced  at  tbe  distance  of  one  foot  from  tbe  centre 
of  tbe  coil.  Tbia  magnalie  tier  was  furnished  with  scales 
pfodsaly  in  the  flMOiiarof  an  ordinary  balance^  and  tbe  weight 
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required  to  bring  it  to  a  horizontal  |)osition  indicated  the  in- 
tensity of  the  mni^netism  of  the  iron  bar  under  f  xamination. 

After  a  lew  preiiminnry  trials,  a  cjreat  advantnire  was  found 
to  result  from  filling  the  tube  with  water.  Tiie  eliect  of  the 
water  was,  as  Dela  Rive  had  already  remarked,  to  prevent  the 
bound.  It  also  checked  the  oscillations  ol  the  index,  and  had 
the  important  effect  of  preventiDjg  any  considerable  irregu- 
larities ID  the  temperature  of  the  bar. 

The  first  experiment  which  I  shall  record  was  made  with 
a  bar  consisting  of  two  pieces  of  very  well-aiinealed  rectan- 
gular iron  wire^  each  one  yard  long,  a  quarter  of  an  inch  broadt 
and  about  one-eighth  of  an  incn  tbiclc.  The  pieces  were 
fastened  together  so  as  to  form  a  bar  of  nearly  a  quarter  of 
an  inch  square.  The  coil  was  placed  in  connexion  with  a 
sin^'le  constant  cell,  the  resistance  being  further  increased  by 
the  addition  of  a  few  feet  of  fine  wire.  The  instant  that  the 
circuit  was  closed,  the  index  passed  over  one  division  of  the 
micrometer.  The  needle  of  the  galvanometer  was  tlitn  ob- 
served to  stand  at  7°  while  the  magnetic  balance  required 
0*52  of  a  grain  to  bring  it  to  an  equilibrium.  It  had  been 
found  by  proper  experiments  that  a  current  of  7^  90^  passing 
through  the  coil  was  itself  capable  of  exerting  a  force  of 
0*03  of  a  grain  upon  the  balance;  consequently  the  magnetic 
intensity  of  the  bar  was  represented  by  0*49  of  a  grain.  On 
breaking  the  circuit,  the  index  was  observed  to  retire  0*3  of  a 
division,  leaving  a  permanent  elongation  of  0*7,  and  a  per- 
manent polarity  of  0*4'2  of  a  grain.  More  powerful  currents 
were  now  passed  through  the  coil,  and  the  observations  re- 
peated a:>  beiore,  widi  the  results  tabulated  below. 

Experiment  1. 


Tuigeot  of 
dcSeellon. 

Elongation  or 
ehortcning  of 
bar. 

Total 
wioDBmsv^m* 

Mft^tictic 
intensity 
of  bw. 

S<juare  of  ma^ctic 
iQt«niit)r  divided 
by  total 

-  7  20 

128 

1-0  £. 

10 

-0-49 

240 

0 

0 

O^S. 

0-7 

^0*42 

S5f 

-  >ao 

167 

S*9E. 

3-6 

940 

0 

0 

l-S  S. 

^4 

-074 

998 

-14  48 

264 

T)  9  E. 

83 

-1*42 

243 

0 

0 

3-8  S. 

4-5 

-1-00 

222 

-i3  10 

428 

10-3  E. 

14-8 

-1-87 

236 

0 

0 

7-6  S. 

7-2 

-1-26 

999 

-47  25 

1088 

161  E. 

23-3 

-2-22 

211 

0 

0 

18-9  8. 

9-4 

194 

-58  50 

im 

14-8  E. 

24  2 

-2-21 

202 

0 

0 

13-3  S. 

10-9 

-1*35 

168 

Digrtized  by  Google 


upon  the  Dimensions  qf  Iron  and  HieeL  Bars.  SI 

EveiTtbiDg  being  left  in  the  same  positioOt  the  electrictty 
was  now  transmitted  in  the  +  or  contrary  direction,  so  as 

first  to  remove  the  polarity  acquired  by  the  —  current,  and 

then  to  induce  tlie  opposite  polarity.  The  total  elongation 
of  10*9,  acquired  in  the  Inst  experiment,  is  carried  forward 
in  tlie  4Ui  column  of  the  luUowmg  second  table  uf  re^iuits. 


Experiment  1  (continued). 


IK-flcction  of 
galvMiometer. 

1 

Taii>;ent  of  ' 
defloctioD. 

Elongation  or 
•hort«otng  of 
bar. 

1 

ToUl 

elonfration. 

Magnetic 
intenaity 
of  bar. 

SqUun-  ot  iimiriu'j  It 
intt-iisitv  liivulLHl 

-f  ^  15 
0 

100 
0 

3-4  S. 
0 

75 
75 

-012 
-0-17 

2 
4 

4-  9  55 
0 

175 
0 

01  E. 

1-0  s. 

7-6 

+0-67 
4-046 

43 
9 

-f  15  40 
0 

280 
0 

8*7  E. 
4-0  S. 

103 
6-3 

+1-30 
+0-78 

164 

87 

+38  45 
0 

802 
0 

16-8  E. 
14-5  S. 

23  1 

+230 
+  112 

148 

+51  30  , 

1257 
0 

16-7  E. 
18-88. 

85-3 

+2-35 
+1'06 

918 
1S9 

The  next  series  of  results  was  obtained  with  a  fresh  bar  of 
exactly  the  same  size  and  temper  as  the  preceding.  To 

avoid  an  unnecessary  occupation  of  space,  I  shall  omit  the 
fresh  heading  of  the  table  for  a  change  in  the  direction  of  the 
cui  lent,  and  simply  designate  the  commencement  of  a  new 
condition  by  ruling  a  line. 


Experitnrnt  9. 


Uctiwrtiuo  of 
galvfttio* 

Tuuntof 

Elonjration  or 
sliortmiint; 
of  b«. 

T«Ul 

Maguelic 
intensity 
of  bftr. 

Square  of  mag- 
netic intcnaitj 

dirided  by 
total  doBQmm* 

^  0 
0 

87 
0 

01  E. 
0 

o-i 

O-l 

+008 
+0-03 

64 
9 

+  827 

e 

148 
0 

1-9  B. 
1-0  8. 

2'0 
1-0 

+0-50 
+0-80 

195 
90 

+-13  97 

0 

939 

0 

5-8  E. 
31  S. 

6-8 
37 

+  M6 

198 
129 

+33  50 
0 

670 
0 

18-8  E. 
14-3  8. 

22-5 
8-2 

+2'2f) 
+  1()1 

215 
124 

+53  50 
0 

1368 
0 

19  0  E. 
IM  S. 

27-2 
10-1 

+  2^2 
+1H» 

198 
106 

-  7  5 
0 

184 

0 

2  0  S. 
0-18. 

8-1 
80 

-015 
-0O7 

8 
0 

-85  10 

0 

1487 

0 

20K)B. 
14-6  S. 

28-0 
13-4 

-2-20 
-1-89 

173 
144 
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Tbe  ntst  experiment  was  with  a  bar  of  wail«ann<ilad  iion, 

006  yard  long  and  about  half  an  inch  square.  Its  weight  was 

45^  oz.  I  have  introdiiced  an  additional  column  into  the  table, 
in  order  to  reduce  the  action  on  the  inagiietic  balfincc  to  tiie 
iecLion  oi  the  lurmer  barst  the  weigbt  oi  each  oi  wiucb 
8  OS. 


SxporioMiit  8* 


OiiMetian 

of  galnno- 

Tmngent  of 
deflectiun. 

Elontratioii 

I 

1  Total 
rlnnplinn 

of  bair. 

Magnetic 
in  tensity 

per  uni^ 

of  section. 

Sqwt  of  iii«g> 

o«lie  iotcoattj 
p«ruiuty, 

cDvided  bj 

ilonffatuin. 

4-  a  10 
0 

90 
0 



01  E. 
0  1  S. 

01 

03 

+  118 
+  U-4ij 

021 

008 

110 
21 

+  82 
0 

141 
0 

0-7  E. 
04  8. 

10 
0-8 

+  1-82 
+  047 

0-32 

o*u 

102 
18. 

+  14  43 
0 

0 

20E. 
10  s. 

2-8 
1-8 

+  410 
+  0*90 

0-72 
016 

185 
14 

+40  3 
0 

840 
0 

12-0  E. 
8-4  S. 

13  8 

i  ll  08 
+  1-20 

1-95 
0  21 

2/5 
8 

+54  0 
0 

1376 
0 

13-8  E. 

19-2 
74 

+  13-53 
+  140 

2*38 
041 

295 
0 

5 

0 

0 

18*6  8. 

tl<0 

8^1 

+14*18 

+  1-20 

9*48 
041 

888 
8 

-  6  80 
0 

114 
0 

1-2  S. 
0 

6-9 
04 

-  070 

-  0  80 

012 
041 

% 
0 

-14  25 
0 

•  117 

0 

0-  7  E. 

1-  3  S. 

7-6 
6*3 

-  3-80 

-  M') 

0-67 

0-20 

59 
7 

-41  15 

0 

877 

0 

110  E. 

8-H  S. 

17  3 
8-5 

-11-33 

-  I  'M 

1-1)9 
Ol>(j 

289 
8 

-62  45 
0 

1941 
• 

16  0  E. 
U<0  8. 

24-5 
11-5 

-1371 
~  1-55 

2-41 
047 

837 
8 

+  6  85 
0 

0 

9-8  8. 
0 

10-7 
10*7 

+  016 
-  0-40 

0^ 
047 

0 
0 

+  90 
0 

158 
0 

04  8. 
04  8. 

I0-5 
10-3 

+  1  17 
+  015 

041 
048 

4 

0 

+  11  20 
0 

255 
0 

on  E. 

1-2  S. 

106 
9-4 

+  3  30 
+  0  aU 

0-58 
009 

32 
1 

+S4  45 
0 

461 
0 

3  3  E. 
3  4  S. 

12  7 

9-3 

+  7-16 
+  0-82 

1-26 

OU 

125 
2 

+39  50 
0 

834 
0 

9  6  E. 
8<I8. 

18-9 
104 

+  11-43 

+  0-95 

0*17 

214 
8 

+54  15 

0 

1888 

0 

i2  f;  K. 

II  G  S. 

23-5 

119 

+13-47 

+  1-00 

2-37 

Old 

231> 
3 

+60  45 
0 

1785 
0 

13-2  E. 
12-4  S. 

2:)  1 
12-7  1 

+  13  fil 
+  100 

2-43 
018 

235 
3 
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BsptfrioMnt  S  (ooniiAittd). 


1  "i 

J  tin  u ^  n  L  OI 

or  *'iic-irt- 

few. 

lOUU 

iDtensitj 
MMetioa- 

Square  of  bb(^- 

Mtir  hjtcnisily 
tier  unity, 

~  j  13 

U7 

1^8. 

117 

-  M8 

040 

8 

0 

0 

0*18. 

11-8 

-  0*50 

MO 

1 

-10  35 

184 

0 

11-6 

^  2  If: 

038 

18 

0 

0 

02  S. 

11-4 

0-18 

8 

0-5  £. 

11-9 

-  4- 14 

0-73 

45 

0 

A 

1*1  s 

10*8 

M  1*18 

A 

0 

488 

14-8 

-  7-45 

1-31 

180 

0 

0 

MS. 

111 

-  1-60 

0*S6 

8 

-40  55 

867 

ME. 

20-7 

-IMS 

202 

187 

0 

0 

8-0  S. 

12-7 

-  i-;o 

0-30 

7 

48 

liNG 

U-6  K. 

2;.3 

-13-76 

2i-42 

214 

0 

0 

13  0  S. 

14-3 

-  1  73 

0-30 

6 

From  the  In^t  c  olumn  of  each  of  the  preceding  tables  W9 
mfty,  I  ihinky  safely  infer  that  the  elongation  is  in  the  dtqiiieaii 
ratio  of  the  magnetic  intensity  of  the  bar^  both  when  the  mag- 
netism is  maintained  by  tlie  influence  of  tlie  coi!,  and  in  the 
case  of  the  })ern)anent  nia<^netism  after  the  c  in  rent  has  been 
cut  off.  The  discrepancies  observable  will,  1  think,  be  satis- 
factorily accounted  for  when  we  consider  the  nauiie  of  the 
magnetic  actions  taking  place.  \\  lien  a  bar  expei  iencc^  the 
inductive  influence  of  a  coU  traversed  by  an  electrical  current, 
the  parddes  near  lis  asii  do  not  rmiYe  as  much  polarity  as 
those  near  its  siiriaoet  becauae  the  former  ha?e  to  withstand 
the  opposing  inductive  influence  of  a  greater  nnmber  of  mag- 
netic particles  than  the  latter.  This  pheenomenon  will  fie 
diminished  in  the  extent  of  its  manifestation  with  an  increase 
of  the  electrical  force,  and  wiM  finally  disappear  when  the  cur- 
rent is  sufficiently  [powerful  to  saturate  the  iron.  Again,  wlien 
the  iron,  after  having  been  nui^neti/ed  by  the  coil,  is  aban- 
doned to  its  own  retentive  pouci  by  cutting  ofi  the  electrical 
current,  the  magnetism  of  the  interior  particles  will  suffer  a 
greater  amount  of  deterioration  than  that  of  the  exterior  par- 
ticles. The  polarity  of  the  former  mi^  indeed  be  sometunes 
actually  reversed^  as  Dr.  Scoresby  found  it  to  be  in  some  es* 
tensive  combinatioiis  of  steel  bars.  Now  whenever  such  inflow 
ences  as  the  above  occur,  so  as  to  make  the  diflerent  parts  of 
the  bar  magnedc  to  a  various  extent,  the  elongation  wiU  iMoe»* 
sarily  bear  a  greater  proportion  to  the  square  of  the  magnetic 
intensity  measured  by  the  balance  than  would  otherwise  be 
the  ca«c. 
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For  finiUiir  cooMt  tbo  inlerior  of  the  tior  will  in  genonl 
receive  the  neotralizatiait  and  reversion  of  its  polarity  before 
the  exterior,  and  hence  we  see  in  the  tables  that  there  is  a 
CODsidefaUe  elongation  of  the  bar  afier  the  reversion  of  the 
current;  even  when  the  effect  upon  the  balance  has  become 
imperceptible,  owinir  to  the  oppoaiteefifecta  of  the  interior  and 
extei  luj  mngnetic  particles. 

The  bars  employed  in  the  piececiinii;  experiments  were  an- 
nealed as  perfectly  as  possible.  I'iie  next  series  was  made 
with  a  bar  of  exactly  the  same  dimensions  and  quality  as  the 
bats  employed  lu  iuXperiments  ]  and  2,  t^xcepting  tiial  ii  was 
not  annealed. 


£zperiaieDt  4w 


Deflection  of 

Tangent  of 

ftbortening  of 

I 

Soiutie  of  magnetic 
utenmty  dmded 

by  total 
ekMOgalion. 

0 

104 
0 

0«B. 
0 

04 

04 

+  0  15 
+040 

m 

10 

«flS90  1  874 

0  0 

0-9  E. 
0"/  s. 

1-1 
0*4 

+0-50 
+0*33 

297 

272 

0 

796 
0 

71  E. 

CO  c 

7-5 

5f*3 

+  1-36 

1     II.  C*i  1 

+M'W 

247 

+50  30 
0 

1213 
0 

10-2  £. 
0^  8* 

125 
04 

+  1-76 
+047 

247 
824 

+57  40 
0 

1580 
0 

10-  0  B. 

11-  8  S. 

154 

41 

+1*94 
+1W 

236 
044 

+63  30 
0 

1907 
0 

14  0  E. 
14-0  S. 

181 
41 

+210 
+  141 

2tf 

040 

-  6  50 
0 

130 

0 

1-2  S. 

0 

04' 

24 

+0-58 
+0-65 

no 

145 

~10  35 
0 

168  ' 
0 

0-4  S. 
0 

2^ 
1*5 

+0-21 
+0-35 

17 

49 

-14  57 
0  1 

267 
0 

0 

04  8. 

2-5 
04 

-0-ao 

-0-10 

36 
7 

^  10 

844 
0 

57  E. 
4-0  S. 

80 
3-4 

-136 
-0-88 

231 

338 

-Mao 

0 

1351 
0 

10-0  E. 
9-5 

13-4 
3-9 

-.1-70 
-0-95 

315 
231 

+  9  27 

0 

166 
0 

1-3  S. 

0-1  E. 

2-6 
2-7 

-0-36 

-O-IO 

50 
58 

+22  30 
0 

4U 
0 

0-1  s. 
0 

24 
94 

+0-38 
+0-22 

55 

18 

+88  27 
0 

794 
0 

4«B. 
4-0  8. 

74 
04 

+  1-50 
+047 

800 
884 

Digitized  by  Google 


upon  the  Dimensions  of  Iron  and  Steel  Bars,  85 

In  the  foregoing  series  thediscrepeiicies  before  adverted  to 
do  not  make  tbdr  appearance  to  any  coosidenible  extent^ 

except  in  the  case  of  the  reversion  ot  the  magnetic  polarity. 
Taken  altogether  the  series  is  strikingly  confirmatory  of  the 

law  of  elongation  already  announced. 

The  next  series  of  observations  was  obtained  wilii  a  piece 
of  soft  st^l  wire  one  yard  long  uiul  a  quarter  of  an  inch  in 
diameter,  lis  weiglii  being  exactly  8  oz.>  nu  leilucuuu  of 
magnetic  intensity  had  to  be  made  for  unity  of  section. 


Experiment  5. 


dsScctloiii 

KloiiK3i.i>n  or 
nliort^Ding 
of  has. 

Total 
elongation. 

inteninty 
ot  bar. 

Square  of  mag-  1 

ticttp  intensity  1 
divided  bv  j 

0 

m 

0 

1-4  £. 
06  8. 

w 

0-8 

+0-94 
+0-65 

631 
588 

+50  45 
0 

0 

MB. 
1*8  8. 

8« 
1-8 

+  1-43 
+0-M 

588 
588 

+00  99 

0 

1761 

0 

3  8  E. 
31  S. 

5*6 
9-5 

+  171 
+  1  12 

521 

502 

1  +67  60 

1  0 

2454 
0 

5  0  E. 
4-5  S. 

7- 6 

8- 0 

+  1-88 
+1-23 

471  1 
504 

+69  20 
0 

2651 
0 

b  o  £. 
4*5  8. 

8-5 
4*0 

+  1-97 
+1'S8 

456 
400 

—41  40 
0 

890 
0 

1-8  8. 
1-0  8. 

t-7 
1-7 

-0-76 
-0^85 

814 
78 

Experiments  6  and  7  were  made  with  fresh  steel  bars  of 
precisely  the  same  sort  as  that  employed  in  the  last  series. 


Experiment  6. 


1 

Dcflectivo  of 

Tangent  of 

KlongatioD 
or  ihortening 
of  bar. 

• 

nUingSinn 

MigiMtie 

intensity 
of  bar. 

Square  of  mag- 
netic intrnjiity 
divided  liv 
total  •famgaUon.  j 

+38  id 
0 

708 
0 

0-8  E. 
0-5  8. 

0« 
0-8 

+0-78 
+0^8 

760 
706 

+00  50 

0 

1792 

0 

5  2  E. 
3-4  S. 

5*5 
21 

+  1-60 
+01)0 

466  1 

467  1 

+70  80 

8884 

0 

7-0  E. 
5-8  S. 

91 

3-3 

+  1-88 
+  116 
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408 

-16  28 

0 

295 
0 

18  S. 
0-2  S. 

1-5 
1-3 

+0-82 
+0-94 

448 
680 

-38  50 
0 

805 

1  • 

0 

0«8. 

1-3 
1-0 

-0-64 
-0413 

315  { 
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Experiinent  7. 


1  DHiection  of 

Tftngent  of 

Elongation 
or  aborteiUDf 

Total 
eloDgatioD. 

MagDCtie 

intenMity 
of  bar. 

Square  of  mag- 

TU'tir  intrfisitjr 
tiivukii 
total  elongation. 

+33  26 

0 

790 
0 

1-4  E. 
0-7  S. 

1-4 
0-7 

+071 

-f  oit; 

891 

+61  6 
0 

1810 
0 

5-3  B. 
84  S. 

84 

+  l(J4 
+  1-07 

448 
408 

+eo55 

0 

9785 
0 

47  B. 
44  8. 

74 
84 

+  1-90 
+  1-20 

481 

480 

0 

608 
0 

8-0  S. 
04  8. 

0 
-04 

+020 

The  uniformitv  of  the  numbers  in  tlie  last  columns  of  the 
preceding:  taMes  shows  that  where  the  metal  |)ossesses  a  con- 
siderable degree  of  retentive  power  the  nnomalies  occasioned 
the  reaction  ot  the  niar^netic  particles  upon  one  another, 
which  have  been  nlread}  adverted  to,  do  not  exist  to  any  con- 
aiderabie  extent,  and  presents  an  addiiiunal  confiniialion  of 
the  law  I  have  stated,  viz.  the  ehngaiian  is  proporiimu^  in  a 
given  bttr^  to  ike  square  if  the  magnetic  intensity, 

I  now  made  triaJ  of  a  bar  of  steel  one  jard  long^  half  an 
inch  broad*  and  a  quarter  of  an  inch  thick,  weighing  23  oz.  Tt 
was  hardened  to  a  oertani  extent  throogfaout  its  whole  length, 
but  not  to  such  a  degree  as  entirely  to  resist  the  action  oAlie 
file. 

Experiment  8. 
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la  tha  abov*  tMm  h  wiU  be  ohutyd  that  the  bani  steel 

bar  was  slightly  Increased  in  lengtii  every  tine  that  contact 
with  the  battery  waa  broken,  although  a  considerable  dimi* 
liiitioD  of  the  mi^iMtiiini  of  the  bar  took  place  at  the  same 
time.  I  am  disposed  to  attribute  this  effect  to  the  state  of 
tension  in  the  hardened  steel,  for  I  find  that  soft  iron  wire 
presents  a  simi!nr  nT)omaly  when  stretchetl  lii^lilly. 

On  iii^jK-cting  the  tables,  it  will  be  remarked  that  the  e!on« 
gatiuii  is,  iur  the  same  intmsity  of  magnetism,  greater  in  pro- 
portion to  the  softness  of  the  metal.  It  is  greatest  of  all  in 
the  well-annealed  iron  bars,  and  least  in  the  hardened  steel. 
Tbia  curcnniitaswe  appeata  ta  me  to  hftmt  the  hypcHhesia  that 
the  phMomena  are  prodaoad  by  the  attractioiis  taking  phne 
beCvveco  the  magnetk  parttdee  of  the  bar,  an  hypothesis  in 
perfect  accordance  witli  the  law  of  ehingatica  whnh  I  have 
pointed  out 

XVIII.  liemarks  on  the  Existence  and  MecJianisin  of  the  Ne- 
gative or  Piotcctintr  Baifs  of  the  Sun.  By  John  William 
Draper,  i'/vJe^iWi  uj  CJtemiitr^  in  the  Lnivenitif  of 

New  York*, 

1  N  a  letter  published  in  the  Pliilosophical  Magazine,  Nov. 

1812,  1  hnd  occasion  to  iri;ikc  soiiit;  incidental  remarks 
respecting  a  class  of  rav^  existing  in  the  sun-light,  which  have 
the  quality  of  exerting  a  negative  or  antagonizing  action  upon 
those  engaged  In  proaudpg  DaguerreoWpe  leiraltB. 

In  October  huft»  MM*  rnncault  and  Fiseaa  having  made  a 
ootnmoniaitson  to  the  French  Academy  of  Sciences  to  a  similar 
effiwt,  and  M.  Edmond  Becquerel,  in  criticising  their  resnlts^ 
hating  referred  to  me  as  the  original  author  of  the  fac^  I  may 
on  this  occasion  be  excused  for  offering  a  few  observations 
on  this,  which  perhaps  is  destined  to  become  one  of  the  most 
important  phseoomena  in  relalioa  to  the  chemicai  action  of 
the  sun-light. 

That  the  oj)posite  tiuls  of  the  solar  spectrntn  possess  oppo- 
site quahties  is  an  ulen  \vlucli,  far  from  origiiuiLing  with  me, 
has  been  floiuiiig  amoiig  chemists  for  many  years.  The  first 
distinct  siaicment  with  which  1  am  acquainted  in  relation  to 
it  occurs  in  a  work  pablisbcd  by  Mr*  B.  Wilson,  the  second 
,  edition  of  which  dates  as  early  as  1770.  It  is  entitled  «<  A 
Series  of  Eaperimeota  on  Phosphori/*  He  showa  that  it  is 
the  more  refrangible  rays  which  excite  the  phosplioreseenoe 
of  salphuret  of  lime^  b9U  the  im  r^mngiik  OMi  ixtrnguM  U 
when  $hining. 

•  CoMQDieifeed  by  the  Aodior. 
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In  1 301  Ritter  found  that  chloride  of  silver  which  had  been 
blackened  in  the  violet  rays,  had  its  colour  partially  restored 
when  placed  in  the  red.  IJe  slates  also  that  phosphorus, 
which  is  oxidized  with  the  production  ot' tutues  ia  the  invisible 

fetl,  is  instniitlv  extinginsliod  in  the  violel. 

1  iie  WLll-kiiuvvii  experinieiUs  oi  WoliasLon  willi  guaiacum 
servetl  to  bht>vv  the  opposite  relations  of  the  red  and  violet 
rays.  It  is  remarkable,  that  he  bub^equently  abandoned  this 
iDterpretation  of  the  phsenomenon,  on  discovering;  that  green 
gnaiiicom  changed  its  colour  by  the  applicHticii  of  a  hot  wdmt 
spoon* 

In  1889  Sir  J.  Hcncliel  encountered  the  same  action  in  the 
ewe  of  some  of  the  piepemtioas  of  silver.  His  first  idee  was 
that  of  a  poshi?e  and  negative  polarity  of  the  spectrum ;  bat 
this  was  snbseqoently  modified  for  the  leasons  set  forth  in  his 

memoir*. 

From  the  time  when  I  examined  the  Daguerreotype  spec- 
trum ill  \  irginia  in  1842,  I  liave  never  doubted  the  actual  ex- 
istence ot  these  negative  or  protecting  raj's ;  and  on  tliis  oc- 
casion, when  that  existence  is  re-asserted  by  Lerebours,  Fizeau 
ami  I'  oucault,  I  will  make  known  certain  new  facts^  }> remising 
that  I  do  not  think  the  views  taken  by  M.  Becquerel  are  cor* 
rsct  They  are  founded  on  what  seems  to  me  to  be  a  misap- 
prehension of  the  phsanomsnon  of  the  DsgnerreoCype. 

A  Daguerreotype  plate  can  exhibit  three  diflerent  varietisa 
of  sarfii€e:~>lst,  a  black  aspect  on  those  regions  where  it  has 
been  nnaifected  by  light;  2nd,  various  shacKS  of  white ;  3rd, 
a  coloured  blacknessi  the  tint  of  which  may  be  of  a  deep 
watch-spring,  or  sometimes  of  an  olive  shade.  Persons  familiar 
with  the  process  will  understand  completely  what  I  mean. 
The  first  ut  these  conihiions  is  represented  in  the  deep  sha^ 
dows  of  such  a  pholo^ri  ajih,  the  places  where  the  Vi'^ht  never 
acted;  liie  second  is  exhibited  in  the  various  inleii-iuci  of 
whiteness,  which  constitute  the  fiitures  of  the  picture,  the 
whiteness  vaiyin^  in  intensity  accuitiiiig  to  the  intensity  ol  iht! 
li^ht;  the  third  is  the  solarized  or  overdone  condition,  which 
arises  &vm  too  long  an  exposttre  to  Ihe  rays.  Like  the  first 
this  may  be  spoken  of  as  a  blackness,  but  in  realitjr  itis  adark 
green»  or  blue,  or  tawny  tinL  It  is  Uib  solarised  condition  of 
surface  which  M*  Becqnerel  confounds  with  the  first,  the 
bloclcness  arising  from  the  unchanged  state;  and  it  is  pre* 
•cisely  on  this  pomt  that  the  whole  argument  tum^.  For  the 
sake  of  having  distinctive  words  to  mark  out  these  three  con- 
dition<;,  I  will  call  the  first  the  unaffected  state,  the  second  tlie 
wiiite  state,  and  the  third  the  solarized  stale. 

«  Pliil.  Traas.  mO,  §  Q^,  &c. 
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The  obsei  vaiioub  1  iiiade  in  Virginia  were  as  Ibllows,  Tiiat 
if  a  $kAav  apectrum  was  received  on  a  Daguerreoiype  piata  on 
which  a  weak  daylight  wai  umullaneously  acting,  the  ied» 
orange,  yellow,  green,  and  pari  of  the  hlue  layi,  arrested  the 

action  of  the  daylight  on  that  portion  of  the  plate  on  which 
thejf  fell,  and  maintained  it  in  the  unaffected  state ;  whilst  the 
residue  of  the  blue,  the  indigo  and  violet,  carried  their  part  of 
the  plate  to  a  completely  solarized  condition.  This  therefore 
seemed  to  justify  the  assertion,  tliat  the  less  refrangible  rays 
protect  Daguerre*8  preparation  Irom  the  action  of  a  ditiused 
daylight. 

It  was  also  fouud  that  ii  the  plate  was  exposed  lo  the  day- 
light for  a  few  seconds,  so  that  had  it  be^  then  mercurialized 
it  would  have  whitened  uniformly  all  over,  on  beintf  made  to 
receive  the  spectrum  the  less  refrangible  rays  actuaUy  eairied 

it  back  to  the  unafTccted  condition^  reversing  what  had  been 
already  done.  Whilst  the  more  rdrangtble  rays  were  forcing 
it  on  to  the  solarized  state,  these  were  returning  it  into  the 
condition  of  shadow  :  they  therefore  not  only  pyvidCtp  butaeem 
even  to  exert  a  negative  or  antagonistic  action. 

The  following  observation  appears  to  me  to  be  in  contrast 
with  the  beautiful  explanation  which  Sir  J.  Herschcl  gives  of 
the  plioiiioinena  of  one  of  these  specimens,  and  moreover  to 
have  a  very  significant  meaning.  I  found  that  it  was  perfectly 
immaterial  whether  the  exposure  to  the  spectrum  was  for  thirty 
seconds  or  one  hour*--the  result  was  the  same*  The  final 
action  had  been  produced,  the  less  refrangible  ravs  had  cai^ 
Tied  their  region  to  the  unaffected  state,  while  the  mote  re* 
frangible  had  solarised  theurs.  Now  if  the  phaenomenon  was 
due,  as  M.  Becquerel  supposes,  to  an  unequal  action  of  the 
same  kind  in  the  different  rays,  it  is  olyvions  that  the  re- 
sult ought  to  dejKiifl  on  the  time  of  exposure;  the  red  ray, 
aided  by  the  daylight,  should  carry  its  portion  through  the 
various  shades  of  white,  and  solarize  it  at  last.  But  this  in 
the  ioiigesi  ex()osurc  never  takes  place;  that  part  of  the  plate 
remauis  as  though  a  ray  of  light  had  never  (alien  upon  it* 

Such  are  the  Tacts  I  observed^  and  they  seem  to  have  been 
reproduced  by  MM*  Foucault  and  Fiaeau ;  but  there  are  also 
otners  of  a  much  more  siniphur  nature*  In  these  Virginia 
specimens  lAr  msk  proUettng  action  rmxppean  heycmd  ike 
violet. 

The  only  impressions  in  wliich  I  have  ever  seen  this  pro- 
Iccliiig  action  beyond  the  violet,  are  those  made  in  Virginia  in 
1  b  VI ;  they  were  made  in  the  month  of  July.  Struck  with  this 
peculiarity,  on  my  return  to  New  York  the  following  August  I 
made  many  attempts  to  obtain  similar  specimens,  but  m  no  iu- 
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stance  could  the  extra- violet  protecting  action  be  traced,  though 
the  analogous  nctioii  of  the  red,  orange,  yellow,  green  and  blue, 
was  pcrfecily  given.  Supposing,  iherefore,  that  the  rlifferciice 
must  be  due  either  to  impurities  in  the  iodine  or  to  differences 
in  the  ntelliud  of  conductin«T  the  experiment,  1  tried  it  again 
and  again  in  every  possible  way.  lu  trij/  surprise  I  soon  found 
thai  the  negative  ^ect  was  gradually  disappearing ;  and  on 
Sept.  S9  It  coald  no  loooer  be  tnced,  except  at  tne  highest 
pert  comspcmding  to  the  jellow  end  green  rays.  In 
cember  it  had  beomne  still  more  imperfect*  bat  on  the  19th  of 
the  following  March  the  red  and  orange  rays  bad  raeovered 
their  origiofd  protectife  power.  It  seemed,  therefore,  that  in 
the  early  part  of  the  year  a  protective  action  had  made  its 
appearance  in  the  red  ray,  and  aboiU  July  extended  over  all 
the  less  refrangible  regioos,  and  as  the  year  went  on  it  had 
retreated  upwards. 

Are  there  then  f)eriodic  changes  in  the  nature  of  the  sun*s 
light?  The  absorptive  action  of  the  earth's  atmosphere  is  out 
of  the  question :  if  that  were  the  cuu&e,  the  character  of  these 
anectnim  impresuons  sbonld  vary  with  the  hoar  of  the  day. 
Or  is  it  not  more  probable  that  these  singular  phaenomena 
rather  depend  on  incidental  changes  in  the  experiment,  such 
as  external  teniperatnr^  variations  of  moistnr^  the  cokmr  of 
the  sky,  &c«  ? 

Under  proper  circumstances  there  is  no  difficulty  in  exhi- 
biting the  power  which  the  loss  refranLrible  ray*;  exert  in  ar- 
restin?^  the  action  of  the  daylight;  uiider  such  circumstances 
a  JDaguerreotype  impression  of  the  sun\s  spectrum  yields  all 
three  of  the  varieties  of  surface  before  alluded  to.  The  plate 
in  the  less  refrangible  and  extreme  violet  region  is  unaffected; 
a  narrow  space  of  white  separates  these  unaffected  portions 
fiom  the  indigo  and  violet  qMices,  which  are  in  a  highly  so- 
krned  state. 

Bat  a  totally  diflbient  resnlt  is  obtamed  when  the  deyli^t 
ui  nei  allowed  lo  fidl  on  the  plate,  either  before  or  dnnog  its 
exposure  to  the  spectmm.  Under  these  cireumstances  the 
rays  which  would  otherwise  protect  now  act  on  the  plate  and 

slowly  whiten  it.  A  Daguerreotype  spectrum  formed  in  dark' 
ness  niid  without  previous  exposure  to  the  light,  exhibits  a 
white  stain  over  all  the  less  refrangible  regions,  and  bears  a 
marked  contrast  to  one  formed  under  the  simukaneous  action 
of  a  weak  daylight.  For  brevity  I  will  call  the  former  the 
spectrum  of  darkness,  and  the  latter  the  spectrum  of  daylighL 
The  following  are  some  additiooat  observations. 
Id  the  apertrom  of  darkness  thera  is  in  the  white  stain  a 
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point  of  maximum  action.   This  corresponds  wilh  the  maxi* 
mum  of  protection  in  the  spectrum  of  daylight. 

The  white  stain  of  the  spectrum  of  darkness  is  apparently 
narrower  than  the  protected  space  in  the  spectrnni  of  nnylight. 

Rays  of  luminous  or  ut  iion-luminous  heat  pi  njected  on  the 
dark?iess  or  daylight  spectru  during  their  formation  appear  to 
exert  no  kind  of  special  influence  on  the  result. 

The  white  fringe  which  borders  tlie  solarized  portion  in  not 
doe  to  anything  analoi'oas  to  conduction.  These  chemical 
changes,  unlilce  thermal  changes,  cannot  be  conducted. 

By  interposing  between  the  prism  and  the  Daguerreotype 
plate  a  convex  lens  of  short  fbcus^  so  as  to  intercept  in  suc- 
cession each  of  the  coloured  rays,  I  threw  all  over  the  plate, 
wliile  the  spectrum  was  in  the  act  of  being  impressed  upon  it, 
red,  orange,  veMow,  &c.  lights  in  succession;  the  object  being 
to  ascertain  liow  ihe  impressed  spcctium  would  change 
when  t!i(\se  monochromatic  rays  were  ustd  along  with  day- 
hght,  Sir  J.  Herschel  having  previously  showed  in  similar 
experiments  that  new  pha^nomena  arise  during  tlie  conjoint 
action  of  rays*.  The  following  are  some  of  the  observations 
I  made;  their  date  b  Sept.  S4,  1842. 

The  red  ray  when  projected  increases  the  length  of  the  so- 
larized portiooy  and  also  of  its  white  extremities. 

The  yellow  ray  shortens  the  sohiriaed  portion. 

The  green  ray  exerts  a  greater  action  of  the  same  kind. 

The  indigo  rny  gives  a  most  remarkable  result.  It  totally 
inverts  the  action  of  the  less  refrangible  rays;  and  they  solar- 
ize the  piate,  acting  precisely  in  the  same  way  that  the  more 
refrangible  rays  commoniy  do,  causing  it  to  exhibit  a  watcli- 
spiing  lustre. 

I  further  found  that  when  different  rays  are  brought  to  act 
upon  each  other,  the  result  does  not  alone  depend  upon  their 
intrinsic  differences,  but  also  on  their  relative  intensities.  Thus 
the  green  and  lower  half  of  the  blue  rays,  when  of  a  certain 
intensity,  protect  the  plate  from  the  action  of  the  daylight ; 
but  if  of  a  less  intensity,  they  aid  the  daylight. 

The  red  and  orange  rays,  when  of  a  certain  intensity,  in- 
crease the  action  of  daylight  on  the  plate ;  but  if  of  a  less  in- 
tensity, they  restrain  it. 

These  lacts  seem  to  be  connected  with  the  circumstance 
that  there  is  often  to  be  irriced  on  Daguerreotype  plates  a 
remarkable  difference  between  tlie  centtal  and  lateral  parts  of 
a  spectrum.  Thus  if  a  line  be  drawn  through  the  centre  of 
such  a  spectrum  and  a  parallel  to  it  on  one  of  the  edges,  the 
action  at  any  point  on  Uie  central  line  is  the  reverse  ofthat  at 
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the  corresponding  point  on  the  edge.  A  similar  remark,  as 
respects  impressioiM  oo  papor,  has  baan  (iravioHily  mada  bf 
Sir  J.  Herscliel. 

Such  are  the  cl>ief  facts  I  have  observed  in  relation  to  the 
Daguerreotype  spectrum.  1l  would  seem  at  first  sight  that 
their  diversity  is  so  great  that  we  cmi  have  but  little  hope  of 
reducing  them  to  *  laoiiniiap  system  of  fnaht  originating  in 
the  tame  oansa.  I  Jwve  iiovfwer  baen  kmgkd  tooaiiefe  that 
tha  explanation  is  to  ba  nti  with  in  tba  groat  and  fertilaprio- 
dpla  of  tnltrferam.  Fram  thit  point  of  view  I  i^rd  the 
action  of  myi  of  every  kind  ai  being  awantiilly  positive,  and 
that  action  mainly  consists  in  impressing  a  vibratory  move- 
ment on  the  atoms  of  the  decomposing  substance.  It  is  to 
my  mind  a  l:icl  u\' no  cotiunon  significance,  that  in  thoso  Vir- 
ginia specimens  llie  places  ot  maximum  pixitection  in  the  less 
and  more  refrangible  regions  fail  where  the  lengths  of  the 
lumiuuua  waves  havt^  the  exUaordinary  relation  of  2 :  I.  Then^ 
wWi  we  alao  sea  that,  before  a  perfect  netttrtUaation  of  actkni 
biffween  two  fiQps  ansoiSt  tboao  nys  nimft  ba  adjoMsd  in  uh 
tsRH^  to  eneh  olbar,  dM  it  not  ihow  that  inMeranoa  of 
some  kind  is  going  on  ?  Again)  the  yellow  ray  iain  nwnbtP* 
less  instances  the  ray  wlmh  moat  completely  anl^poaiMi  those 
at  the  red  and  violet  extremes  of  the  spectrum :  to  use  tlie 
language  of  Sir  J.  Herschcl,  "  this  ray  may  be  considered  as 
marking  a  sort  ot  chemicai  centre,  a  )>oint  of  ecjuilibi  iuiii,  or 
ratlier  a  chnnge  of  action  in  lUv.  sjiectrum."  1  catirmt  avoid 
seeing  tliat  tiiese  piiLLHiometi:\  arc  conncctrd  wiili  ilio  remark- 
able tact,  lltal  llic  waves  oi  red,  yellow  and  viulci  light,  are  of 
leMtbs  which  correspond  to  2^  1^,  1. 

U  then  a  powerful  yellow  ray  can  hold  in  chock  m  fcshls 
iFiolift  oMj^  and  pfowit  ft  Ibasi  ckMNoposing  ndldo  of  ailvory 
BMioly  because  their  rikrtioa  of  length  is  in  the  pfoaortiop  of 
1|>  to  1»  ft  abould  follow  on  the  fame  principles,  taat  a  red 
ray  scting  conjointly  with  a  violet  should  give  rise  to  an  in* 
creased  effect,  because  the  lengths  have  now  become  1 :  h 
And  that  this  in  rcniity  is  the  ea>c  I  foiaui  bv  direct  experi- 
iiu  nt ;  for  on  projectmg  the  re*!  npun  the  vit^let,  so  that  the 
tulouis  sliouid  half  overlap  each  other,  1  found  that  at  the 
point  of  concourse  the  plate  instantly  solarised,  and  a6:&umed 
a  splendid  green  metallic  colour. 

t  hate  now  etpiafaiad  the  aooaptatioo  in  whieh  I  veoeivotha 
term  negative  ray  as  a  synonym  <in  this  insdMoa  of  iodido  of 
rilfor)  for  the  yellow  ny,  and  allndad  to  the  mcchaniam  which 
seems  to  be  the  cause  of  protecting  actioa  generally.  Par» 
haps  on  a  review  of  his  own  ezperunents  Bl.  Beequerel  amy 
find  reason  to  believe  that  diara  ara  in  reality  antagoainng 
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actions  in  difoent  parts  of  the  ipactnim ;  actions  not  limtlBd 
to  the  Dagaerm>type,  but  occurring  in  all  kind*  of  GMM« 
They  have  been  met  with  by  every  one  who  has  examined  the 
spectrum  with  sensitive  papers,  and,  in  a  totally  different 
series  of  pha  iionicnn,  M.  Becquerel  has  hiniselt  furnished  a 
most  conclusive  illustration.  He  shows  that  wlien  sulphuret 
of  lime  and  other  phosphorescent  bodies  in  a  shining  btate  are 
exposed  to  the  spectrum,  the  more  refrangible  ravs  increase 
the  glow,  but  dia  kn  coitiiiginili  it  at  once.  Wbal  ii  to  be 
made  of  a  fact  like  that  ? 

It  is  proper  to  observe,  that  sorae  of  the  phsoooiMQa  re- 
corded in  this  communication  which  seem  to  be  in  opposition 
to  the  principle  set  forth  are  not  so  in  reality.  All  reasonintfs 
founded  on  the  decomposition  of  Wrrht  by  the  prism,  and  the 
action  of  the  prismatic  spectrum  on  changeable  surfaces,  are 
liable  to  error.  In  a  memoir  which  I  shall  souii  }Hiblish  "  On 
the  Production  ot  Light  by  Heat,"  this  point  will  be  particu- 
larly dwelt  on  ;  for  the  present  it  is  aufficienl  to  say,  that  the 
only  method  free  from  these  difficulties  is  to  employ  the  inter- 
ference spectrum  formed  by  a  nded  evffiiea  or  a  grate]  a 
method  which  was  proposed  eight  Jt^n  apo  bv  Sir  J«  Her* 
schel  with  a  view  of  getting  rid  of  the  duturoing  agenqiea 
arising  from  the  ideal  coloration  of  gUuHt  and  wluoh  I  llrit 
carried  into  efiect  in  1844  with  so  miKh  success,  that  the  re- 
sulting Daguerreotype  impressions  contained  Fraunhofer*5 
lines,  even  with  microscojMc  minuteness.  With  this  spectrum 
we  avoid  a  tar  inorc  serious  diiliculty  tlian  that  of  liie  ideal 
coloration  of  glas^,  a  difficulty  arising  from  the  mnguitude  uf 
tlie  refracting  luces  of  the  prism,  it  is  this  which  makes  a 
prismatic  spectrum  blacken  paper,  made  sensitive  with  the 
bromide  of  silver,  from  the  rea  to  the  violet  end;  whereat  tba 
interlerenoe  spectrum  shows  that  the  true  action  is  confined  to 
the  more  ramuigible  lide^  and  stofis  short  of  the  centre  of  the 
yellow  space. 

Uaivcrsity,  New  York, 
Dec.  24, 1»4G. 


XIX.   Note  to  a  former  paper  of^  the  Theory  of  the  Aberration 
of  Light.    Bjj  the  Rev.  Professor  Powiu.. 

SINCE  the  publication  of  my  paper  in  a  late  Nuuiber  of 
this  Journal*,  I  have  been  favoured  with  several  commu- 
nications from  the  distinguished  individuals  on  whose  opinions 
I  have  there  commented  |  and  tbeur  friendly  oritidsma  eeem 
to  call  for  a  brief  supplementary  remark. 

•  Phil.  Mag.,  Dec.  18M. 
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In  tlie  view  which  I  mye  id  that  paper  of  the  explanttioii- 

of  the  aberration,  my  object  was  to  put  the  princtple  proposed 
by  Prof.  Challis  in  such  a  form  as  I  conceived  might  divest  it 
r>r  certaio  difficnlties  which  had  appeared  to  sooie  to  attach 

to  it. 

I  had  in  fact  attempted  to  combine  Prof.  ChalHs's  principle 
with  what  seemed  necessary  for  explaining  the  direction  of 
vision.  Bui  that  principle  is  in  itself  quite  independent  of  this 
last  consideration ;  and  the  whole  may  thus  be:  uiorc  disimcily 
expressed  by  keeping  them  separate  as  fellows: 

Supposing  the  same  coDstmctbn  as  ID  my  fefmer  paper, 
9f  thdi-^ 

(1.)  The  observer  being  at 
the  bottom  of  I,  let  the  ray 
irom  the  star  have  arrived  at 
the  top  of/,  which  point  may 
represent  the  ]il:ice  of  the  te- 
lescope-wire, or  any  other 
terrestrial  object  to  wliich  the 
star  is  referred,  and  irom 
which  rays  emanate  in  all  di* 
reclioiis.'  Of  ihmB,  tiiat  one 
which  proceeds  in  the  direc- 
tion d  will  pursue  that  direc- 
tion along  with  the  ray  firoro 
the  star,  and  will  in  every 
respect  coincide  with  it ;  and 
thev  will  arrive  together  at 
tlic  bottom  of  d  at  the  same 
time  as  that  at  which  the  ob- 
server's eye  arrives  there. 
Both  objects  will  conse- 
quently be  referred  to  the  same  dhreotkm,  though  the  wire 
has  really  mofed  into  a  new  positiont  via.  to  the  top  of  f|. 

This  is  all  that  is  essential  to  the  idea  of  aberration  accord- 
ing to  Prof.  Ghallis's  view.  It  is  the  angnlar  diflhrence  m 
between  these  two  directions  which  is  defined  to  be  aberration* 

(2.)  Wkat  the  direction  is,  to  which  the  ^  actually  refera 
the  star  and  the  wire,  is  a  distinct  question.  By  «;nme  it  may 
be  regarded  as  altogether  needless  :  and  «;o  I  aciuiit  it  is  as 
far  as  the  above  abstract  itlca  ol  abci  r;u ion  is  cuiuerned  :  yet 
it  seems  to  me  at  least  desirable  to  take  it  into  account;  and 
it  may,  I  conceive,  be  best  put  as  lullows: — 

While  the  rays  come  down  d  the  telescope  has  moved 
along  e  parallel  to  itsel(  mto  the  position     indepemlen%  of 
the  ray  which  had  stanch  from  the  whredown  d :  yet  ateveiy 
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instant  of  its  course  that  ray  has  one  point  coinciding  with  a 
point  in  the  axis  of  the  tube  in  motion.  Thus  by  composi- 
tion of  the  two  motions,  this  ray,  though  by  a  different  modus 
operandi^  comes  down  the  axis  of  the  telescope :  whether  this 
will,  in  theory,  be  ifie  (lirection  in  whicli  the  eye  sees  both 
the  star  and  wire,  ill  depend  on  tiie  coobideraUoii  of  a  simi- 
lar (juestion  to  that  stated  in  p. 

But  there  can  be  no  doubt  thai  in  point  of  iucl  tlie  axib  of 
the  telescope  is  the  direction  to  which  the  eye  (by  whatever 
means)  is  led  to  refer  the  two  objects  seen  together  by  rays 
pursning  a  diflferent  rout^  relatively  to  space. 

Prof.  Challis  has  favoured  me  with  the  following  additional 
illustration. 

Suppose  two  ships  to  be  sailing  due  north  at  the  same 

rnte,  and  one  to  be  due  east  of  the  other  :  r  hont  is  de<?patched 
Irora  the  eastern  ship  to  the  western,  and  goes  in  a  rectilinear 
course  from  the  one  to  the  other.  11  the  crew  of  the  western 
ship,  seeing  the  other  sliip  due  east,  and  knou  ing  that  ihe 
boat  came  from  lier,  concluded  ihaltlie  couibc  ul  the  boat  had 
been  exactly  from  east  towards  west,  they  would  plainly  be 
mbtaken.  It  is  precisely  this  error  that  the  astronomer  com- 
mits." 

Among  some  valuable  remarks  on  the  entire  subject  which 
I  have  received  from  Mr.  Stokes,  I  learn  that  the  very  cursory 
statement  I  made  as  to  the  difference  between  the  theoretical 

investitraiions  of  thf\t  ^-entleman  and  Prof.  Challis,  does  not 
convey  a  pel  Tectly  aeeuratc  idea  of  the  point  at  issue  ;  I  am 
therelore  anxious  to  j  epresent  it  more  correctly  as  follows  ; — 

Mr.  Stokes  at  first  contended  that  it  was  necessary  to  sup- 
pose the  expression  iji  a:-f  &,c.)  to  be  an  exact  differential, 
while  ProC  Challis  rejected  that  restriction.  Subsequently 
however  Prof.  Challis  agreed  in  Mr.  Stokes's  view :  but  he 
showed  that*  on  that  supposition,  the  expression  for  the  change 
in  the  direction  of  the  normal  is  such  as  to  allorm  us  to  sup- 
pose the  motion  of  the  aether  at  the  surface  of  the  earth  rela- 
tively to  the  earth  to  be  of  ant/  amount.  But  Mr.  Stokes 
differs  in  opinion  as  to  the  Jact ;  conceiving  it  most  probable 
that  the  u^ther  within  the  earth  and  close  to  its  suriisKie  is  at 
rest  relatively  to  it. 

In  my  paper  however  1  professedly  avoided  entering  on 
this  part  oi  liic  question ;  and  the  remark  just  made  ni  no 
way  affects  the  other  parts  of  my  observations. 
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XX.  Note  on  a  Qass  of  Differential  Equations. 
By  Oeoroe  Boole,  Esq, 

To  the  Editors  of  the  Fhiiosophkal  Magazine  and  Jounmk 
Oentlemen, 

THE  following  may  be  deemed  n  proper  «5!ipp1emont  to 
ilic  remarks,  o tiered  in  common  by  Mr.  Hargreave  and 
myself,  in  the  January  Number  of  the  Philosophical  Magazine 
on  the  subject  of  the  Rev.  B.  Broii win's  dinbrential  equations. 

In  the  greater  number  of  those  equations,  the  independent 
variable  jc  only  entered  in  the  first  degree.  All  linear  equa- 
tions which  possess  this  character,  whether  in  diflbrentials  or 
m  finite  di£ferenoeSf  admit  of  a  complete  symbolical  solntlon, 
from  which  the  mnrticular  solutions  assigned  in  the  papefs 
referred  t0|  may  be  regarded  as  deductions. 

Eveiy  equation,  indeed,  to  which  this  characteristic  belongs, 
may  be  expressed  in  the  form 

«9(D)ti+i|r(D)«:>:X;  (1.) 

I>  standing  for  ^  X  being  a  function  of    and  p  and  ^  de- 
noting arbitrary  functioiib  or  combinations  ot^  the  symbol  tu 
which  they  are  affixed. 
The  complete  solution  of  (1.)  is 

tt={^(D)}-V^'^'a:-'.-*(^^X, 
the  focm  of  x(D)  bchig  gifen  by  the  equatkm 

The  analogy  which  existi  betimi  the  abova  aolatioB  and 
that  of  the  linear  difierential  equation  of  the  first  <»der,  It  is 
scarcely  necassaiy  to  notice.  It  belongs  lo  a  cdass  of  subjeots 
which  have  besii  considered  in  a  paper  on  the  Theory  of 
Developments,  published  in  the  Cambridge  Mathematical 
Journal,  vol.  iv.  p.  214. 

As  a  particular  illustration  of  (2*),  let  US  suppose  thai  the 
given  equation  is  of  the  form 

4V^(D)ll+Mf'(0)tlsX. 

We  have 
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from  which  the  solution  of  most  of  the  eouatkms  conaiderad 
by  Mr.  BroDwin  will  obviously  foUow.  There  are  howefer 
variouB  other  cases  io  which  the  general  solution  is  interpre- 
table. 

1  remain,  Genllcmen, 

Your  obedient  iServant, 
Lincoln,  Jan.  1,  ib47.  Georoe  Boole. 

XXI.  Observation?  and  Experiments  rcaperfhig  the  Origin 
of  the  Voltaic  Current,  B}f  Professor  Gianalessakduo 
Majocchi*. 

FT£R  the  discussion  which  took  place  in  the  last  sittingSi 

•  and  principally  in  that  of  yesterday,  respecting  the  origin 
of  voltaic  electricity,  nmonfi'  some  of  our  distinguished  pny- 
sicists,  and  pai  ticulai  ly  between  the  illustrious  president  of 
the  section  Prol.  Oi  ioli  and  Prof.  Botto,  I  have  been  induced 
to  extract  the  foiiovviug  paper  irom  an  essay  of  mine  on  the 
hame  bubject* 

At  the  Turin  Congress  in  184€^  the  question  of  the  two 
theories^  the  chemical  and  that  of  ccniaci^  was  agitated,  with  a 
view  to  exfrfain  the  origin  of  voltaic  electricity.  Them  is  no 
doubt  that  where  a  chemical  action  takes  place,  there  is  also  a 
development  of  electricity ;  but  the  fluid  which  becomes  free 
requires  certain  conditions  to  form  a  current.  In  like  manner 
it  is  certain  that,  on  placinjT  two  heteroireneons  bodies  in  con- 
tact, there  is  a  development  of  electricity  ;  and  in  this  precisely 
consist  the  fiindamental  facts  which  led  Voita  to  the  discovery 
of  his  pile  \  and  on  the  same  principle  is  founded  the  in- 
genious apparatus  of  insulating  plates,  anned  with  leaves  of 
Scterogeneons  mefalsi  which  our  colleague  Ftof.  Marianini 
oihibited  at  the  Congress  of  Turing  and  whichy  varioudy 
arranged,  he  yesterday  showed  to  this  assemblyf .  The  che* 
•mico^lectrtcians  maintain  that  the  fiindamental  facts  of  Volta 
depend  on  the  chemical  action  upon  the  metal,  produced  by 
the  moisture  of  the  hand,  of  the  air,  he,  but  the  careful  ex- 
periments instituted  by  Marianini,  Pfall,  Belli,  Peltier,  and 
some  other  pbysicistSy  appeary  in  the  development  of  electri* 

*  Translated  from  the  AnnaR  dt  Mea,  CUmka  #  MatmaHekef  and 
communicAted  by  the  Author. 

The  chief  portion  of  this  paper  was  read  by  the  author  at  the  ConereM 
or  MiIaa,  Sept.  «7»  1844.  8ee  ^tfMM«,  t.  xvi.  p.  ISO;  and  AM  MuMto 

Hiunione  dcgli  Scicnziaii  Italiani,  p.  118-1  ID. 

"f-  It  i'^  irtcntmnod  in  his  work  ATcmoric  di  Finea  spcrhnrnfalr,  Moflenn, 
1838,  und  in  another  work  printed  at  Modena  under  the  sanie  title  in  1841, 
in  wfaioh  n  oontained  the  Mmmm  m  evIbtiM  vmitA  tkt  H  e§Hmio  da  ^ 
eol  nmii»  coiUatiQ  ^  m*  arnuUwa  €olF  tdtn,  ,  , 
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CKtf  by  Volu's  two  diiisimUar  metals,  to  exclude  any  cause 
forftigo  to  that  which  arises  from  the  contact  of  the  two  bodies. 
Moreover,  the  ]>Griod  of  thirtv-tlu  ce  ycnrs,  for  which  Prof. 
Zfunboui'^  diy  pile  lias  now  existed*  cooiiruis  such  a  mode  of 
electrical  disturbance*. 

liuw  thru  does  electricity  by  contact  take  place  ?  Contact 
is  not  a  iui  ce  ;  it  is  the  siuipie  iiidicuLioii  of  tiie  mode  in  which 
metals  arrange  themselves  in  the  case  of  the  voltaic  experi- 
ment; and  no  fluid  whatever,  the  electric  for  instance^  can  ba 
put  in  motioa  without  an  agent*  At  the  Turin  Congrese  in 
1840  I  expressed  my  opinion,  that  in  the  so-called  contact 
although  uie  action  cannot  be  considered  chemical,  there  is  a 
fece  of  attraction  which  is  the  principle  of  the  action  itself,  I 
mean  that  force  recognised  and  admitted  by  all,  investigated 
by  many  at  the  close  of  the  Inst  century  and  the  be^^inning  of 
the  present,  that  force,  namely,  which  is  called  adhesion  or 
attraction  of  simple  surfaces.  I  shall  not  repeat  here  what  I 
said  on  that  occasionf ;  but  will  raihcr  observe,  that  such 
lacia  have  confirmed  me  in  my  opinion  concerning  the  phoe- 
nomenon  of  electricity  in  the  fundamental  experiments  of 
Voka. 

My  purpose  bere  is  to  axamtne  the  conditkms  neeesaaiy  in 
the  pile  to  the  generation  of  the  cnrrent,  which  is  quite  di- 
stinctfrom  the  simple  electrical  disturbance  in  the  fundamantal 
experiments  of  Volta.  Inacirenit,  in  order  to  give  birth  totha 
electric  current,  it  is  necessary  that  there  should  be  two  forces ; 
•  one  to  emit  the  electric  fluid  in  a  given  direction,  the  other  to 
carry  it  on  from  the  place  where  it  is  lodired  :  these  two  forces 
in  Volta's  ))ile  are, — the  one,  adlie^ion,  by  which  die  direction 
of  the  current  is  determined ;  the  other,  the  chemical  action 
which  takes  place  in  elecUoli/.aUun,  or  in  other  let  nis,  in  the 
decomposition  of  the  intermediate  liquid  by  which  the  electri- 
city is  evolved.  It  matters  little  whether  thb  decomposition 
is  perceptible  or  imperceptible;  since  the  polariatioii  of  two 
platinum  electrodes  intended  to  complete  the  circuit  with 
the  intermediate  electndyte^  proves  that,  if  there  is  no  percep* 
tible  separation  in  tlie  components  of  the  liquid,  there  is  an 
imperceptible  one ;  for  the  polarity  of  the  electrodes  them- 
selves cannot  happen  without  the  decomposition  of  the  liquid 
in  which  they  ar<  iiiimersed.  The  above-named  conditions 
are  verified  in  nii\  voltaic  arrangement,  both  in  the  original 
piles  of  Voiia,  and  m  liiose  of  Wolla&ion,  Novell iicci,  Miche- 
loLti,  Daniell,  Grove,  &c.    In  liie  fundamenUil  experiments 

*  Se«  Annali,  t.  viii.  p.  14. 

t  Sec  the  Annah,  t.  i.  p.  45 ;  and  the  Proceeding  of  the  Second  Msss 
ing  of  Italiaa  l^vinu,  p.  14. 
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of  VdiUi  theM  is  bo  chcnneal  dacoiDposiiion,  there  being  no 
mtarmediato  eketrdjfte;  and  thence  an  eloetriaal  iHaSni^ 
ance  only  is  dioemy  an  electriotty  of  tension,  which  to  be 
lermod  into  a  current  requires  the  circuit  to  be  ooBipleCed 
with  a  liquid*  For  if  this  liquid  does  not  exert  any  ohe» 
nieal  action  in  any  of  the  metals  placed  in  contact,  then  no 
current  is  nianifested  on  the  galvanometer.  Gold  and  plati- 
num show  an  electrical  tlistiirbance  on  the  condenser,  but  no 
current  when  thev  are  immersed  in  nitric  acid,  and  united  with 
one  another  metallically  by  means  of  tiie  wire  of  the  galvano- 
meter. But  if  some  drops  of  hydrochloric  acid  are  added 
to  the  nitric  acid,  the  gold  only  is  attacked,  and  immediately 
an  deetric  cnmnt  Is  manllmd  on  the  fi;aiYanoneter,  In 
iSbm  cbemicai  aoticn  of  the  add  upon  gold  or  on  the  sine 
of  the  oonmon  voltaic  pair^  eleetrieitir  is  evolved ;  or  this 
floid,  by  virtue  of  that  force,  is  separated  and  set  free  finom  the 
ponderable  molecnles  which  undergo  a  decomposition  to  form 
a  new  compound,  and  the  adhesion  between  the  two  bodies  in 
contact,  which  would  produce  a  simple  electrical  disturbance, 
gives  the  discharge  and  determines  the  course  in  which  the 
current  of  the  fluid  is  directed  precisely  according  to  the  che- 
mical action.  In  the  circuit  of  the  battery  between  every  pair, 
where  the  electricity  is  simply  disturbed  and  would  show  only 
a  tension,  an  electrolyte  is  placed,  which  is  decomposed  by  the 
aflnitf  which  one  of  the  metals  of  Uie  pair  exerts  upon  it :  b^ 
lliis  dEecomposition  the  eiactrielQr  of  the  ponderable  matter  is 
developed  and  becomes  finest  and  b  emitted  fixmi  the  eleotro* 
negative  metal  into  that  of  the  eleetro-positive.  Thb  discharge 
proceeds  from  one  pair  to  another,  and  the  deetric  fluid  set 
free  by  the  chemical  action  is  put  into  a  continuous  current 
along  the  circuit.  From  the  first  experiments  of  Volta,  and 
from  those  which  have  been  since  instituted  in  various  ways,  it 
is  known  that  the  chemical  action  alone  occasions  a  develop- 
ment of  electricity,  and  a  second  force  is  necessary  to  put  tliis 
fluid  in  motion.  Moreover  we  know  that,  if  this  chemical 
action  is  impeded  without  taking  away  the  conductibility  from 
the  circuit,  the  current  is  weakened,  and  is  sometimes  in  the 
and  entirdy  dcslroyed,  not  bein^  perceptible  by  the  most  ddi»* 
cate  gdvanomelers.  In  a  vdtaic  circuity  where  two  platuinm 
slectrodas  are  interposed^  immersed  at  a  distance  from  each 
other  in  addttiated  water,  the  hydrogen  gas  is  deposited  upon 
one  of  theses  pdarioes  it,  and  generates  a  contrary  currenti 
which  weakens  or  annuls  the  primary  current,  because,  whilst 
the  chemical  action  evolving  the  electric  fluid  still  exists  in  the 
pairs  of  the  pile,  there  is  opposed  to  the  impelling  force,  by 
which  the  current  is  determined^  another  contrary  one»  arising 
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with  ilie  polarization  ot  the  platinum  elect  roil  o,  which  weakens 
or  entirely  aniiuis  the  effect  of  the  first.  I'or  if  the  liquid  is 
placed  together  with  the  two  platinum  elcctroile:>,  hy  which  the 
vohab  cinuit  is  completed^  under  the  receiver  of  the  air-pump 
where  a  mmimi  U  eEbeted,  tfat  h^rdrogen  gat  is  fimed  to  du^ 
fuse  hsdf  by  its  expaasibflily  in  the  taina  riO«w»  whmfeqr 
the  negative  electrode  is  not  po]ariaad«  and  the  electrie  ear* 
rent  continues  its  course,  until  the  gas  can  in  •ocfa  manner  se- 
parate itself  from  the  surface  of  thepiatinuPH  anddififiseiteelf 
in  the  vacuum  of  the  air-pump.  • 

With  a  view  to  ascertain  whciher  this  mode  of  explaining 
the  plinpiKinieiioii  of  the  curteiit  in  the  battery  has  any  pro- 
bability ami  conl:uns  the  cause  of  the  same/it  occiirrctl  to  lae 
to  form  an  entiiely  metaihc  circuit,  without  aiiy  iiaermediate 
eleetrolvte,  to  examine  if  the  simple  chemical  action  was  able 
ot  kmt  to  generate  a  eonnent  I  shall  first  observe,  that  an 
faonHMeneons  metallic  wite^  fimoing  a  cooiaaiioni  ciirenit  and 
letormng  into  itself,  and  perftotly  identical  thraoghoot  its  whole 
extension,  if  heated  in  any  ps^  gives  rise  to  no  elecmcal  < 
current;  because  the  propagation  of  the  caloric,  proceeding 
uniformly  from  tlie  two  side?;  of  the  portion  heated,  gives  rise 
to  two  electrical  currents  in  an  opposite  tlirectioii,  which  be- 
come  perfecdy  ecjual,  and  tiieiu  c  counteract  one  another,  and 
obstruct  the  continuous  circnialion  of  the  fluid  itself.    And  if 
any  obstacle,  its  a  knot  or  a  deled  oi  hoaiugeueit^  in  tiie  wirc» 
lenders  the  propagation  of  the  caloric  more  difficult  in  one  i 
ditectUm  than  in  uotfaer,  then  one  of  the  eleetrieel  euneiiti 
which  arise  prevaib  over  the  otfaar^  and  one  lesults  of  in* 
tensity  equal  to  the  diflhience  of  the  two  nneqnal  elements^ 
wliioh  shows  itself  pieoisely  on  the  galvanometer.   In  the 
same  way,  if  the  homogeneous  metdlic  wire,  forming  the 
closed  and  re-enterini'  circuit,  is  afterwards  touched  bva  cold 
body  in  a  point  near  the  heated  pan,  an  electrical  current  is 
frenerated,  winch  is  indicated  by  the  galvanometer.    It  seems 
then  that  the  cooling  pi  otliiced  on  one  side  of  the  heated  part 
weakens  the  caui^e  from  witich  the  electric  current  spring  and 
thence  gives  room  to  the  other  to  ctroolate  in  tM  wiie  and 
make  its  effects  perceptible  on  the  galvanometer*  Thb  OMt 
is  veiy  difibrent  from  that  in  which  the  thermo^eotrie  eifcoit 
is  composed  of  two  nietals ;  the  one  positively  electric  and  the 
other  negatively  electric;  since  then  there  ate  two  famm 
ftom  which  the  electric  current  springs  in  a  given  direction. 

Followini^  this  principle,  applied  to  the  development  of 
electricity  by  chemical  action,  1  reasoned  thus  If  the  che- 
mical action  were  able  of  itself  to  generate  u  current  without 
th^  aid  of  another  force,  it  is  dear  that,  on  formuig  a  wiiuiiy 
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melalliG  drciiit  io  one  part  of  which  a  chemical  acdoa  is  by 
any  matter  produoed»  there  ought  to  arisen  in  the  iame  cir- 

cumstaoces  of  the  wire  above  described,  an  electric  current. 
Before  entering  on  experiments  on  this  point,  I  foresaw  that 
iji)  current  would  be  caused  in  that  entirely  metallic  circuit, 
notwithstanding  that  from  one  sitie  of  the  place  wiiere  the 
chemical  action  would  be  exerted,  an  obstncte  should  be  inter-' 
posed  by  any  licieiu^tiitiiy  lu  ilie  cuuductoi  luiiiiiug  the  cir« 
cult* 

FirU  egpenmemt* — A  strip  of  copper  of  the  length  of  1*80 
metres  aod  8  oeotimetres  wlde^  is  united  by  its  eztiemities 

to  the  teminnls  of  a  long  wire-galvanoiDeter ;  afterwards 
with  those  of  another  with  a  sboit  wire^  and  successively 
with  my  universal  galvanometer  disposed  as  a  duplicator.  By 
means  of  nitriC)  sulphuric,  or  hydrochloric  ncid,  solutions  of 
potass,  soda  or  of  ammonia,  a  chemical  action  was  succes- 
sively exerted  in  one  }>ai  t  of  this  metallic  bund ;  but  no  in- 
dicxition  of  current  appeared  in  tiie  needle  of  these  iostrtinieuts. 
The  ex}>eiinienl  was  made  in  a  like  uiaiiuer  with  a  similar 
Strip  of  iron,  zinc*  ami  any  other  metal,  and  no  current  ap* 
peared  which  caosed  the  needle  to  deviate  on  either  of  toe 
galvanometsts.  In  this  experiment  therelbie  the  circuit  was 
quite  homc^neous,  proving  that  the  thermo-ekcCffic  cvmni 
originated  rnxn  tlie  different  conditions  of  the  wire. 

Second  ejcperimenU — The  metallic  strip  is  compressed  hj 
means  of  a  clamp  in  one  place,  then  it  bends  again  upon  itself 
in  many  folds,  hein<T  liekl  by  a  clamp ;  then  it  is  subjected  in 
that  place  again  to  tciupering*  and  then  it  is  also  ham- 
mered in  a  cold  state  :  in  each  of  these  cases,  opejating  in 
tlie  same  manner,  a  chemical  action  was  exerted  wilii  one  of 
the  above-named  piateriak  in  a  portion  of  tlie  strip  without 
obtaining  any  indication  of  euneot  on  the  needle  of  one  of  the 
galvanometers;  The  atrip  was  divided  into  two  partSi  which 
were  joined,  bending  back  upon  one  another,  wid  held  fast 
lonether  by  the  clamp  :  exciting  afterw  ards  a  chemical  ao» 
tion  with  one  of  tiie  acids  or  tlie  alkalies  above-flpentioBeilk 
there  resulted  no  current  perceptible  by  the  galvanometer. 

Third  experiment,  —The  preceding  copper  strip  is  connected 
by  means  of  the  clamp  with  a  similar  one  of  zinc.  These  two 
strips  thus  wnited,  by  one  oi  tlieir  extremities  placed  beneatli, 
formed  a  continuous  and  wholly  aicla.iiic  circuit  witli  the  wire 
of  tile  galvaiiouictei.  On  causing  a  chemical  action  upon  one 
of  the  strips,  no  current  was  raaniiested.  The  effect  was  null 
upon  producing  a  chemical  action  on  one  of  the  metallic  lista 
with  an  acid  and  on  the  other  with  an  alkali^  and  also  upon 
altematMg  this  doiil»le  action. 
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This  third  experiment  shows  that,  although  there  may  be 
duengagement  of  electricity  in  the  chemical  action  of  liquidt 
upon  metalsy  no  current  is  manifested ;  because  the  other 
force  necessary  to  the  production  of  this  exists  indeed  in  the 
contact  of  tlie  copper  with  the  zinc;  but  it  nets  in  two  places 
in  a  contrary  (iircclioi^ ;  whereas  on  the  one  liand  ihe  contact 
of  the  copper  with  the  zinc  tends  to  discharge  the  electricity 
ill  om?  direction,  whilst  on  the  other  hand  the  contact  of  the 
same  meU^U  emii^  iL  in  an  opposite  direction ;  and  in  liiisman^ 
ner  there  are  two  contrary  forces  of  adhesion,  which,  as  far  as 
regards  disturbance  of  the  electric  equilibriuniy  destroy  one 
another.  Neither  of  them  can  therefore  avail  in  setting  in 
motion  the  electricity  which  is  developed  in  the  chemical  actioOt 
by  wliich  this  fluid  is  equally  distributed  throughout  the  me- 
tallic circuit,  and  in  the  liquid  which  is  contained  in  the  cup 
and  exerts  the  chemical  action  on  the  metal. 

Those  who  adopt  the  purely  chemical  tficory,  following 
De  la  Rive,  in  order  to  explain  how  the  cm  rem  (ii  i*:iiiate.s  in 
the  battery  of  Volta  at  so  weak  a  tension,  admit,  sjieoking  ac- 
cording to  the  system  of  the  dualists,  that  the  two  electricities 
separated  by  the  chemical  action  tend  to  unite  by  their  re- 
ciprocal attraction;  and  it  Is  therefore  that  in  this  point, 
where  there  is  a  separation  of  the  two  electricities,  they  in  lact 
unite  again  in  part.  The  tension  therefore  does  not  become 
very  great,  because  it  is  only  the  portions  of  the  two  electri- 
cities remaining  separate  that  form  themselves  into  a  cur^ 
rent.  The  neutralization  or  the  equilibrium  of  the  electricity 
evolved  by  cheniicn!  action,  ficcordinj^  to  the  followers  of  the 
pure  clicmical  tlniory,  docs  not  occur  at  all  by  virtue  of  the 
action  itseil  ;  whilst,  according  to  us,  this  disturbance  would 
be  produced  by  a  second  force,  which  would  be  adhesion. 
Now  tliuse  who  a^lopL  purely  the  theory  ol  conUict,  it  appears, 
aeein  the  chemical  action  itself  only  a  means  of  augmenting  the 
points  of  contact  of  the  liquid  with  the  metal,  by  which  the  elec- 
tricity finds  various  ways  of  disposing  itself  in  a  current.  But 
how  will  they  explain  so  many  facts  where  the  chemical  action 
is  manifest  by  the  development  of  electricity  ?  Moreover  the 
simple  combination  of  the  metalloids  chlorine,  bromine, 
iodine,  &c.  with  the  metals  is  not  accompanied  by  a  develop- 
ment of"  the  electric  fluid  ;  and  it  therefore  seems  that  there  in 
only  ^  development  of  this  fluid,  when  by  affinity  one  of 
the  elements  of  the  voltaic  pair  tends  to  combine  with  one  of 
the  components  the  electrolyte  or  conductor  of  tlie  second 
class. 

The  gas  battery  devised  by  Grove  is  easily  explained  in 
the  above-described  manner  of  oonsidering  the  generation  of 
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the  ciecilric  eomnt  io  the  voltaic  apfMnCiw.   For  adheiioiiy 
we  know,  is  not  only  mantfested  between  solida»  as  the  metals, 
but  also  between  a  solid  and  a  liquid  or  aeriform  fluid*  And 
many  facts  of  chemical  reactions  meal  with  easy  explanation 
from  such  a  force,  by  which  affinity  appears  to  be  excited  and 
thence  the  electrical  current  to  arise,  which  determines  a  de- 
composition and  a  new  combination.  However  long  a  time,  in 
fact,  a  mixture  of  hydrogen  and  oxygen  is  left  to  itself,  these 
gases  do  not  combine  even  when  placed  in  |)i  escnce  of  bodies 
which  have  a  great  aflinity  for  water,  and  whiclj,  it  would 
seem,  ought  to  produce  their  union,  as  for  instance  sulphuric 
acid,  potass,  lime  and  the  like^   We  know  that  if  a  piece  of 
pkuhia  be  immersed  in  the  mixture  their  combination  ibllows 
on  the  metallic  sarfiioe^  and  extends  ui  certain  cases  to  the 
whde  aeriform  mass,  so  as  to  cause  the  explosion  of  the  mix<* 
tnre»   Grove  himself  recognises  an  analogy  in  the  phasno* 
menon  of  his  gas  battery  and  that  of  the  ordinary  combination 
of  the  two  gases,  oxygen  and  hydrogen,  by  means  of  the 
presence  of  phitina.    The  decomposition  of  ammoniacal  gas 
Dy  means  of  iiicamk'sccnt  c(>]iper  is  one  of  the  icw  instances 
in  which  the  decomposiiiuii  oi'  a  gaseous  body  is  excited 
by  a  solid  body.    The  attraction  of  gold  for  chlorine  excites 
the  decomposition  of  nitric  acid  united  waii  hydiochloric 
acid  wlien  gold-leaf  is  placec!  in  a(]iiaregia;  for  aqua  regie 
only  contains  free  chlorine  after  btau^  heated,  or  after  having 
been  left  to  itself  for  a  long  time,   rlumerous  other  &cts  of 
this  nature  have  been  collected  by  Mitseherlich*,  and  related 
in  the  Reports  of  the  Royal  Academy  of  Berlin,  of  December 
1841ta&d  other  similar  ones  by  Rciset  and  Millon  communi- 
cated to  tbe  Royal  Academy  of  Paris  in  June  1843.  All 
these  facts  are  called  by  them  pheenomena  of  contact^  and  Mit- 
scherlich  calls  the  ho(?!es  by  which  they  are  produced  contact- 
substances*    Berzeiius  has  introduced  a  new  name  into  science, 
catahjtic  force,  to  denote  the  cnu.-»e  of  adhesion;  but  with 
the  new  name  he  has  not  thrown  any  light  upon  the  nature 
of  this  force.    We  see  in  all  these  facts  the  adhesion  of  a  soHtl 
for  a  fluid  bring  into  aciiviiy  the  affinity  by  which,  when 
bodies  are  conveniently  disposed  in  a  complete  circuit,  elec- 
tridly  is  evolved,  which  then  forms  a  continuous  current  in 
the  mode  exphuned. 

From  all  that  we  have  said  it  would  follow  that»  with  a 
single  force,  mechanical,  chemical  or  physical,  there  is  only 
an  electrical  disturbance^  or  the  phsBnoinena  of  statical  elecy 
tricity :  thus  the  mechanical  action  of  friction  produces  in 
the  ordinary  machine  a  simple  disturbance  of  electricity ;  the 

•  fise  Tw9k»t%  Seisntific  Afemoin,  Pert  XIII. 


Digitized  by  Google 


104  Mr.  A.  W.  Hobt^oo  on  the  Equaiwn 

chemical  action  of  til  ftcid  s<4Dtioa  oo  •  toatfX  gives  sigiis  of 
deotrieai  dittiictMUice  on  the  coadfmer;  the  pbj^sical  force  of 
magnetism  produces  by  induction  an  instantaneous  disturl>-> 

ance  in  the  natural  electrical  fluid  of  a  metnllic  wire,  without 
Signing  it  in  a  couimuous  current.  !?nt  when  two  forces  nre  in 
action,  one  of  which  is  capable  ot  iHstui  biiig  liie  naiui  ai  elec- 
tricity of  tiie  ponderable  matter,  and  i!ie  other  ol  evolving  it 
from  the  integrant  molecules  of  the  saim.,  that  iluid  may  be 
set  into  a  continuous  current  in  a  complete  circuit.  Notwith- 
HandiDg  the  appearance  of  truth  in  this  node  of  oKoiainkig 
tbo  plMMioaMiMii  of  tbo  contioooiii  eloctrlo  cvrmtb  torn  om 
•omo  fiK!te  which  merit  a  deeper  iiweirigitinn,  aided  by  expo- 
riflMBlf  before  assigning  it  as  the  just  canee  of  this  phieno* 
flNDon.  A  voiletc  pair  coenpoeed  of  tvo  difibrent  flMtei%  hmt 
enwipk^  gifoe  en  ekctrie  current  in  a  given  divaetion  when 
it  is  immersed  in  one  Hauid,  and  the  direction  may  be  inverted 
when  another  ilifTerent  liquid  is  substitntcd  for  the  first.  The 
exaniiuuion  of  tacts  of  lIus  kind  wiii  probably  fucnisb  me* 
teriais  lor  a  second  note. 


XXII.  On  the  E^ionqfOmtniuifij  in  Fluid  Motion.  Bg 
Alfred  Wiixiaii  Hobson,  B,A,  St*  John's  QdUgitf  Cam^ 
bridge*^ 

'I^HE  proof  of  thie  cqnetioo  given  by  the  vefione  enthote 

of  traecuei  oo  hydrodynamics  is  tM  eeme  in  all ;  in  fact 
neeriy  eveiy  writer  ewee  Poissoo  has  contented  himself  with 
a  mere  translation  of  his  words  in  art  648  of  his  Traiie  de 

Mecanique.  As  however  1  do  not  remember  to  fmve  seen 
anywhere  a  statement  of  tlie  rensons  for  the  assumption  Irom 
which  the  equation  is  obtained,  liie  following  investigation  mav 
be  interesting  to  some,  especially  as  theeuuatjon  itsell  tounii 
by  a  much  shorter  process  tluiu  ihe  usual  one,  and  uutncum- 
bered  with  several  &teps  which  are  perhaps  nut  quite  satisiac- 
tory  to  those  reeding  the  common  metiiod  for  toe  first  time. 

The  fluid  it  auppoeed  to  be  divided  into  smell  portiene  or 
'  elementa»'  eecb  of  wbksh  it  ected  vpon  by  eooelereting  foreee 
X»  Y»  Z  parallel  to  the  coordinate  ezei*  Tlie  first  thing  to  be 
renerked  ti  tbet  Y»  Z  must  be  theeeme^  ike  wMent* 
Uni  of  the  element  on  which  they  are  suppoeed  lo  ect»  #• 
we  Pinst  take  the  element  so  small  that  there  is  no  variation 
in  either  X,  Y  or  Z  in  passing  from  any  one  of  its  parts  to 
another.  Now  since  these  forces  are  considered  as  functions 
of  (t,  j/,  -"I  varying  lor  any,  the  slightest  variation  in  ciilu  r^r, 
^  or  2»  It    pUiu  that  if  we  consider  the  forces  madhemaiicisU^ 

*  CamnmnifntcHl  by  the  Author. 
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oontlDiioiMy  f.    as  changing  their  vaiue  continuou&Iy  ibr  any 

chanj^e  of.r,  ^  or  r,  then  in  order  for  X,  Y,  Z  to  be  the  same 
for  every  part  of  an  element,  that  elemcTit  must  he  also  con- 
sidered a  malAemaiical  pointy  having  no  dii^tiaction  ut  parts  at 
all. 

In  nature,  liuwever,  the  forces  are  physically  ant]  not  mathe^ 
mcUicallif  continuous,  and  the  elements  oii  wtiicii  liie)  act  may 
bate  an  infiDlle  range  of  magnitude*  Tlw  reasoni ng  by  which 
sBch  forces  are  submitted  to  calculation  is  however  precisely 
the  same  as  if  tlm  were  mathepati<»lly  cootinuons« 

The  element  of  fluid,  then,  may  be  of  any  finite  magnitude 
lielow  a  certain  limit,  and  will  consist  of  a  number  of  intimate 
particles,  on  each  of  which  the  forces  acting;  are  the  same. 
For  the  whole  extent  of  this  element  X,  Y,  Z  nre  the  snme, 
and  it  may  be  taken  of  any  size  consistent  with  this  con di  lion. 

The  next  tiling  to  be  attended  to  is,  that  the  element  must 
not  be  acted  upon  by  any  new  forces  dui  infj  the  in^taul  [dt). 
During  this  interval,  therefore,  every  panicle  in  the  element 
ia  acted  upon  solely  by  the  forces  X,  Y,  Z,  which  varv  or 
may  vary  with  the  time^  but  vary  iiwiUmrhf  for  each  of  these 
partides.  In  other  words»  there  is  no  ditturbing  force  intro* 
duced  durinff  (d/)  into  the  system  of  ultimate  particles,  which 
together  maEe  up  the  element  we  are  considering ;  therefore 
there  can  be  no  d^turbance  of  the  relative  positions  of  the^ 
particles.  Therefore  the  number  of  ]mrtides  composing  the 
element  remains  the  same  during  llic  interval  {dt)  \  and  tliis 
condiiiun  expressed  analytically  gives  uii  the  equation  of  cou- 
tinuiLv. 

Let  f  lie  the  density  ol  the  element  at  tlie  coinniencenienL 
of  the  time  (c^  t) ;  this  is  supposed  to  be  the  same  for  the  whole 
of  the  element ;  V  the  volume  of  the  dement  at  the  beginning 
of(<f/)and  Vat  the  end.  We  have  then  (f/ bemg  also  the 
density  at  the  end  of  the  time  (di}} 

We  have  now  merely  to  express  this  condition  in  another 
form.  Thenotuiiun  is  the  same  us  Poisson*s.  Va(a''— a:)(y  — y) 
(a/— z):  where  for       ;r)  we  may  write  txf  lor  {t/—y)f 
nad  for  (a^-^aX       We  have  to  state  in  terms  of  the  velodties 

!|«^  «^  w)  parallel  to  the  coordinate  axes»  that  the  variation  of 
*)(y'— — -)f  is  nothing  during  the  instant  Now 
cdUng  the  wbokdirorential  coefficient  of  (x'— a:)(y'— y)(c'— a) 
With  regard  to  the  time  D#Vt  and  similarly  for  tfasit  of  ^ 
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...  rdu  Sy   du  iz   dv  ix   dv  Sz   dw  ix 
we  have         D^Y)=o,   or  ^,D<Vh- V.Di/>=0; 

or 

Now  since  there  is  no  necessary  connexion  between  tx,  By 
•nd  Bjtf  the  middle  term  in  this  eqaation»  viz.  that  containing 

the  qoantittes     See,  cannot  afifect  the  other  two:  according 

therefore  to  a  weU-knowo  principle,  the  two  parU  must  sepa^ 
rately  =  zero. 

Therefore,  finally,  dividing  out  by  the  common  factor  tx* 

ot/.lzf  we  get  the  usual  equation  of  contiiiuity, 

/  (in    dv    dxo\    dp        dp       dp        do  ^ 

It  ia  obvious  tliat  this  equation  only  requires  that  the  num* 

her  of  particles  in  the  element  should  remain  unaltered  daring 
(dt) ;  but  the  mode  in  which  it  is  obtained  impliesi  not  only  an 
identity  in  the  number  of  particles  nt  the  beginning  and  end  of 
(«//),  but  an  identity  of  fhe  particles  themselves.  This  obser- 
vation has  also  hvcn  niatic  by  Poisson,  whose  words  are  (art. 
C51),  "c'est  pom  abreger  que  i'on  a  coiibuk  ie  le  volume  de 
cette  partie  du  huide  comme  infiniment  petit;  et  si  Ton  divide 
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le  voliiiiie  tofal  en  parties  de  grandeur  fiiiie»  maia  iownnble^ 
doDt  chacune  renferme  neanmoins  un  nombre  extremement 
grand  da  molecoles  Tequation  [of  continuity]  exprinie  r^llcH 
ment  que  ekaame  de  ces  parties  renferme  toujottrs  Ics  memnf¥^ 

leculeSj  et  que  par  consequent  sa  masse  est  invnrifi!)le." 

In  Sill  cases  where  new  forces  are  being  continually  intro- 
duced, as  in  the  flowini^  of  rivers  or  of  water  through  pipes  of 
variable  torm,  it  is  itupossible  to  calculate  the  motion,  and  at 
the  same  time  the  equation  of  continuity  is  no  longer  appli- 
cable. But,  on  the  other  hand,  there  are  cases  in  which  thb 
eaoadoo  holds,  where  nererthelBss  the  other  three  eqnatlons 
Of  niotion  do  not  holdt  and  in  hid  where  there  may  actually 
oocor  a  split  or  division  in  the  flaid.  As  an  instance  may  be 
mentioned  the  flowing  of  a  stream  of  water  over  the  edge  of  a 
perpendicalar  precipice*  where  gravity  snddenly  comes  into  - 
action.  In  this  case  the  number  of  particles  may  remain  the 
same  in  an  clement  which  may  be  conceived  to  consist  of  par- 
ticles that  have  fallen  over  as  well  as  of  those  that  remain.  But 
the  L(jiiatic  n  ot  niuiion  woul^  require  the  new  lorce  of  gravity 
to  be  takea  into  account* 


XXIIL  On  the  Integration  of  some  Equations  in  Partial  Di^ 
ferentials.    By  the  Kev.  Brice  Bromwim*. 

IN  the  pr^nt  paper  I  shall  extend  the  mode  of  intetfrating 
certain  differential  eqaationsi  which  I  gave  in  thb  Journal 
in  December  lastt  to  the  integration  of  similar  equations  in 

partial  differentials.    Let  D  stand  for        D'  lor        and  as 

a  first  example^  let 

where    as  throoghont  the  paper,  is  a  positive  integer.  Blake 

This  is  the  first  example  in  the  paper  above  referred  to^ 
where  by  making  z=  (U^-\rl^Y  ih  it  is  reduced  to 

d^u  ,o 

or,  restoring  the  suppressed  factor*  to 

•  Coffimtmicated  by  the  Audior. 
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ar(D*-f->t>=(D«+*«)-*0=(D+*V^)-''(D-*^^)-i» 

(A  +  A,ar  +A^_,ipP~^). 

We  must  now  put  a]>^^  for  kf  and  change  A,  A|»  &c« 
into  functions  of  ^«  Then 

and 

«(D*-f- 4»)  D-i-  {  fl  jf) + 2  a  jt)  . . . . 

+ {y-2ax)  +4/(3/)  +         . . . .  +  J-^'-'  (i/)}, 

where  4'(^)»  4^1  Cv)*  i^'**^  the  arhitraries  ol  the  inte/rrations. 
And  here  I  inust  observe,  that  tlie  functions  denoted  by  ^, 
4^1  4'i>  &c.  ait;  Mjpposed  to  be  changed  when  necessary, 
although  the  same  symbols  are  still  retained  to  reprettent 
them. 

Operating  upon  the  last  result  Vith 

jyp-l  g2«l)'  £)/>-!  j-*rD'^-l^ 

we  have 

f  tO')  •  •  *  • 

««-^+'{f(y-«)+*(y+«r)}+x-*+«{f,(y-a4f) 

Substituting  this  value  in  tlie  given  equation,  we  find  ^„ 
&c.,  and  4'|}  4^21  &c.  to  be  the  succeiisive  differential  coeffi- 
cients of  ^  and  4^ ;  and  ultimately 

(jf+ar)}       ^^«-*"^^{f"(i(f-«AO  +4/"(3/  +  «^')}  +&C., 

to  the  term  containing  x"'  inclusive. 
As  a  second  example,  let 

Or  li  k  he  put  for  U, 
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Making  ,«(D»+«*D+«*Vi^ 

thtb,  by  the  paper  betore  referred  to,  reduces  to 

after  restoring  the  suppressed  factor  and  dividiug  by  iu 

If  i4.^iri=«,  1-^^  =  ^, 

we  haw  D»+S*D+2**«(D+«*)(D+gif). 

0-g--«rD-Fj**^-»{A4-A^x  +  Ap_, 

Now,  pntting  D'  for  k,  and/  (y)  for  A,  &c.,  we  have   

>  (D (D + €it)-'0«*-U'-*'  J>-'  {yiy  +  2£v/  - 1) 

+ (y)}  «f-**{«-'f(y  H-^a^v'  ^)  +f  t 

wliei  e  4/,  4/p  8tc.  are  introdoced  as  the  arbitraries  of  the  iote- 
From  the  kst  result  we  easdy  sec  that   

v^^)} =1-^ 

+2*V'^)  .... 

In  these  reductions  the  values  of  a  and  o  have  sometimes 
been  put  for  these  quantities,  aud  k  has  been  retained  ao  more 
convenient  than  D'. 

A  in  the  last  example,  by  subiULuuoii  in  tlie  proposed,  we 

iind 
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to  the  term  eontuning  sr^  inclusive.  The  oonstaiit  coeffi- 
deDts  a,  0„  &c«9  to  m  easily  determlnodt  and  oonld 
not  be  conveniently  put  down. 

Make  k^li\y^  and  this  becomes 

Tf  rcr-T>-'f/,  by  a  paper  of  mine  in  the  Mftihemfttician  for 
November  last,  this  reduces  to 

or  rather  ' 
Integrating 

k  p   k 

•  '  ;c-*M= / f~  *  (A  +  Ai« . . . .  +  Ay-io,^'-' ). 

Restoring  the  value  of  ib,  and  changing  A»  A|»  &C.  into 
to,  wehave 

•••• 

'  We  must  sometimes  chan^  the  order  of  the  terms,  as  in 
this  example;  for  if  in  substituting  in  the  given  equation  we 
begin  at  the  wrong  end  of  the  seriesy  we  shall  have  h/^^ 
Jf'^dy^y  to  instead  of  f ,  f f &c* 

Thus 
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Sabstitotiog  this  valiie  in  the  gim  eqaatton,  we  find 

&c.,  the  series  in  ^,  tp',  &c.  siop))ing  at  .t^,  that  in  ^'i      &c.  at 
j;  tlie  values  ol'  the  confitaaL»  ay  a|,        i^,      &c«  are  not 

pat  dowttt  for  the  same  reason  as  in  the  last  exaniple. 
If  in  tbb  last  example  we  make  k  =  Piy+Q>  P  and  Q 

being  fimctioiift  of    the  equadon  to  be  integrated  will  be 

winch  by  2  =  D'"'tt  reduces  to 

which  is  only  of  the  first  order*  We  must  not  proOBod  in  this 
as  heretofore^  bot  must  expand 


by  the  powers  of  '^^^  ini^rate  as  in  the 

preceding  examples.  Thus 

+ (PB' + Q;/(i^) + 1"'  (Piy  +  Q)    1^'  +  Q) 

the  powers,  after  die  expansion,  being  changed  into  successive 
operations.   In  this  case  we  might  not  omain  a  solution  in 

finite  terms. 

SonuHimes  it  mny  be  desirable  to  proceed  with  D'  in  the 
same  uianner  as  with  D.  Let 


or  jr]y^«f#D]y«+Dir80. 

But,  as  in  the  papers  referred  to, 

Therefore        D^xz + DD'tz-D^  -  ; 

or  •     (D + Df)  {J>sz-z)^0 ; 

or 
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that  is  *^=/ty 

and  therefore  **jy^/(lf'-«)+^)» 

Somedmes  we  may  succeed  by  partially  ailopiuig  these 
prooesBeB,  Let 

or  xD««  +  (a3/+  l)DD'^+^iy«z  fD'jrsO. 

Now  yUji^iy^z—Zf 

therefore 

Therefore  by  substitution 

Or  (jrD+ lyXDjr-f  ly^r-A) =0, 

which  nay  be  put  under  the  Ibnns 

(xD  +  D')(D+j^I>)z=0; 

or  (D-i-a->  D')  (D+j/D0z=O. 

Make  (D-f  j^I>)r=tt; 

then  (D+*-»  J>)tisQ,  and  u^x'^Jijf). 

Tberefbrp 

which  gives         zm-"^ /dat^^/{y^ia). 
It  must  be  remembered  that 


the  powers  being  converted  into  successive  operations. 

Sometimeii  an  equation  may  be  reduced  an  order  lower*  or 
to  a  more  simple  form  of  the  same  order,  by  these  transfor- 
mations, as  in  the  following  examples 


Make  xrs(D  +  ^^D')u»  and  the  above  will  reduce  to 

Af*  Jh«l  Ai*  / 
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If  2  s    tlie  last  equation  becomes 

^     4;  =A^  -  -T/- 

Examples  might  be  giten  of  reduction  to  a  more  simple 

form  of  the  same  order. 

The  omission  of  the  factors 

^-»(DHit«)-^  x-HI>*  +  2;tD4-2F)-P,  8ms. 

before  the  cipher  of  the  second  member  of  the  equations 
treated  of  in  my  paper  in  the  Number  of  this  Journal  kir 
December  last  wns  an  oversight,  which  I  did  not  discover  till 
I  ri^>ccivcd  the  January  Nunibcr,  nntwithstanUiog  the  present 
paper  was  composed  ininit^diately  atter  it* 

Gtimhwtito  Hall,  Near  Barnsley^  Yoditliireb 

Jan.  1;^  1^47. 

XXIV.  Mr.  John  Southern's  Experiments  on  the  Densitj/^ 
Latent  Heat  and  Elastkiiy  of  SteamK 

To  Richard  Tat^lor^  Esq, 

Dear  Sir, 

IN  the  various  stateinents  whicli  have  been  published  and 
re-published  from  time  to  time  respecting  the  nature  and 
properiieit  of  steaui,  the  experimental  investigations  of  Mr.Joha 
Southern  have  not  become  so  generally  known  as  they  deserve 
to  be,  and  if  you  can  find  space  In  your  Mamine  Ibr  reprint- 
ing his  papers  they  would  convey  useful  inrormation  to  your 
readers. 

Mr.  Southern  wns  an  able  mathematictant»  who  was  re- 
tained by  Mr.  Watt  in  the  manufactory  of  steam-engines  at 

Soho,  for  the  purpose  of  assisting  him  in  investigating  the  best 
proportions  of  the  various  parts  of  those  machines,  and  cal- 
culating,' the  requisite  dimensions  which  (according  to  the 
ascerlained  strength  of  the  materials  employed}  would  give 

*  Several  important  recent  investigations  of  this  «iibject  ivill  be  found 
in  the  4th  Volnn>e  ofTHvlor's  Sciontific  Memoirs,  just  completed,  among 
which  ux'jiy  be  mcotioacU  iloitziiiann  on  tiic  Heat  and  tiiasticit^  of  Gaset 
aad  Vapoon,  and  on  the  principles  of  the  Theory  of  Stcam-Ei^aef : 
Magnus  on  the  Expansire  Force  of  Steam ;  and  on  the  Force  requisite 
for  the  prodtiction  of  Vapours ;  and  RqpauiU  on  the  Elastic  Foms  of 
Aqueous  V  apour. — Ed. 

t  Mr.  Southern  eontiibated  two  papers  to  the  early  volames  of  the 
PhiloiopUcBl  IbgoiDe.  Vol.  sL  p.  to;  and  xviU  IMl 
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security  against  breaking,  withoul  any  unnecessary  weight.  An 
exfierinieDtal  inquiry  into  the  properties  of  steam  was  neces- 
sariW  a  part  of  such  a  oourse»  and  Mr.  Southern  stated  tlie 
results  be  bad  obtained  in  a  letter  to  Mr.  Watt,  which  was 

printed  by  Dr.  Brewster  in  his  new  edition  of  the  articlea 
written  by  Dr.  Kobison  for  the  EncycU^dia  Britannica. 
The  article  Steam-engine  in  that  edition  was  re?ised  by  Mr* 
Watt,  in  1814,  and  he  added  some  notes  and  an  appendii, 
which  couuins  Mr*  Southern's  letter. 

1  am^  dear  Sir, 

67  GuUdford  Strct t,  Russell  Square,  very  sincerely, 

Londou,  Jao.  16, 1847.  JoUN  1  ar£Y. 

LeUerfirom  Mr.  Sonthem  to  BIr*  Watt** 

Tie  experiments,  of  which  the  particidar  cirenntttanoes  ars 
hereafter  related*  were  made  In  1805»  with  the  view  of  aaoo^ 
taining^  chiefly,  the  density  of  steam  raised  from  water  nnder 
different  pressures  above  that  of  the  atmosphere^  an  appaiatua 
having  tlien  been  made  for  a  different  purpose,  whidi  seemed 
pretty  well  adapted  to  this  object,  as  it  did  equaiiy  so  to  that 
of  ascertaining  the  latent  heat  of  steam. 

It  may  be  premised,  thnt  the  thermometers  employed  in  all 
the  ex})ui  inients  which  will  be  now  related,  were  made  and 
graduated  with  the  greatest  care,  the  tubes  having  been  accu- 
rately measured  as  to  the  proportional  capacity  of  their  dif- 
ferent parts,  the  boiling- j)L)iiiL  of  each  ascerlaiiietlj  according 
to  the  rules  prescribed  by  a  committee  of  the  Royal  Society,  in 
1777,  (viz.  the  bulbs  and  tubes  being  in  steam  when  theMro- 
meter  stood  at  29*8  inches»  this  decree  of  temperature  being 
called  filS^}  and  m  idl  cases  the  bulb  and  the  tube,  as  high  as 
the  mercury  ascended  in  it,  were  kept  in  the  steam  or  the 
water  whose  temperature  was  to  be  noted.  This  latter  cir- 
cumstance was  efiected  in  the  case  of  steam,  by  sliding  the 
tube  of  the  thermometer  through  a  stuffing-box,  or  collar, 
made  ti<rht,  till  the  mercury  in  it  could  just  oe  seen  above  it. 
The  tube  had  known  marks  on  it,  from  ^'.liicli  measurements 
were  taken  to  the  mcicury,  and  thence  the  temperature 
known. 

The  quantity  of  steam  was  measured  by  filling  a  cylinder 
with  it  (inclosed  in  the  steam),  whose  diameter  was  about 
Inches,  and  driving  it  out  by  the  motion  of  a  piston,  which  bad 
18  mdies  stroke  regulated  by  the  rotation  of  a  crank.  The 
solid  contents  of  the  jMstoiHrod^  which  was  0*86  inch  dia- 
metert  diminished  tlie  contents  of  the  cylinder,  leaving  the 
quantity  discharged  each  stroke  by  the  motion  of  the  putcoy 

*  Iq  ell  the  experinsDtiL  of  which  en  aeeoaiitii  given  mtUiltttsr,  Ur. 
Soatfacm  was  ssasted  fay  Mr.  William  Cfdghton. 
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very  nearly  130*7  cubic  inches;  but  as  the  piston  diii  not  rise 
high  enough  to  touch  the  top  that  closed  tlic  cyliiiderj  and 
there  was  also  unaroidably  a  space  between  tlie  valve  and  the 
cylinder,  these  epaoei  together  were  computed  to  equal  1*7 
cubic  inch.  Of  eoune^  Sad  the  elaitici^  of  the  steam  been 
jost  eaual  to  that  of  die  atmosphere^  no  aodition  to  the  ISO"? 
cubic  tnchee  would  need  to  be  made;  but  as  in  the  three  succea* 
sive  experiments  it  was  about  ^  and  J  greater,  these  propor> 
tions  of  the  spaces  would  escape  when  the  valve  was  open  that 
allowed  the  (Hscharge  of  the  steam  to  he  mnde  into  the  atmo- 
sphere, and  jnnst  tliercfore  be  added  rcspectiveiy  to  the  COn* 
tents  discharged  by  the  motion  of  the  piston. 

These  additional  quantities  are  1*7  X  J='57;  1*7  x4  =  2'88; 
and  l'7x?  =  5'l;  which,  added  to  1S0*7,  give??  191*27  in  the 
first  expenment;  ISS'SH  in  the  second,  and  I  'oo  b  in  the  third, 
Ibr  the  quantity  of  steam  discharged  at  each  stroke  of  the  pis- 
ton; ana  thesdbre  the  nomber  of  strokes  wUeh  would  di»- 
chaige  one  cubio  foot  in  each  of  the  three  SQipefimQts,  would 
be  18*164, 19-941,  and  1S*784^  respectively. 

The  steam  was  conducted  from  the  cylinder,  after  passing 
the  valve,  by  means  of  an  iron  pipe  attached  to  a  small  copper 
onci  having  its  end  bent  down,  and  immersed  a  short  depth 
into  a  cistern  of  water.  The  cistern  was  made  of  fir- wood, 
and  painted  inside  and  oiitside  with  white  paint;  wns  about 30 
inches  square,  anil  26  inches  deep;  and  the  (juaniity  of  water 
in  il  was  ascertained  by  weighing  it,  as  was  also  the  accession 
to  it  by  the  condensed  steam. 

The  eUiiticity  of  the  steam  wa^  ai>cerUiined  by  measuring 
an  actual  column  of  mercury  which  it  supported;  and  the 
BOiriMr  of  strolDSi  wns  asoertslnsd  bv  a  ndlsd  a 

OUUUtUT. 

The  tbOowing  table  irflntaittt  the  pfincipol  fints  of  dicse  cnc» 
perinientss 
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If  the  whole  nomber  of  strokes  ia  each  ezperiment  be  di- 
vided by  the  number^  foood  as  abov^  that  were  required  to 
discharge  one  cubic  foot  of  steam^  the  whole  number  of  enbic 

feet  of  steam  discharged  in  each  experiment  will  begi?en; 
viz.  5l5i-r-13164  =  391*53;  «434-rl2*9* I  =  188*09  ;  and 
1599-f- 12- 724"=  125*66;  the  quantity  of  steam  formed  and 
discharged  in  the  first,  second  and  third  experiments  respec- 
tively, in  cubic  leet. 

If  the  weight  of  water  gained  by  the  condensation  of  steam 
in  each  experiment  be  mulii}>lir;tl  by  27*65,  the  number  of 
cubic  iiiclies  of  water  in  a  pound  wei^iu,  aiul  divided  by  the 
number  of  cubic  feet  of  steam  which  were  condensed,  the 
quotient  will  gue  the  portkm  of  water,  in  cubic  inohes^  re- 
quired by  each  cubic  foot  of  steam  for  its  IbrnuitioD;  and  hence 
also  the  comparaUve  density. 

Thus  20-25  x27-65-i-391 -53= l*430l  inches  of  water  to 
9<HX>x87'65-rl88*09sM40  V  form  each  cubic 
19*45xS7'65-rlS5*66s4*979j    foot  of  sleami 

r  4rU-00"| 

and  these  numbers  are  proportional  to<  88*24'  >the  relative 
densities,  while  the  elasticities  were  as-* 


80 
120 


>- respectively. 


These  results  appear  to  support  the  conclusion  that  i/ic 
density  of  steam  is  nearlj/,  if  not  accuratelif^  proportional  to  its 
elasticity;  at  least  this  may  be  affirmed  of  it  within  the  limits 
of  these  experiments. 

From  the  above  experiments  may  be  calcnlaled  the  latent 
heat  of  steam  developed  in  the  three  cases ;  for  if  the  weight 
of  the  water  which  received  the  angmentof  heat^  be  mnUipIied 
by  the  number  of  degrees  of  temperature  communicated  to  it^ 
and  if  this  product  be  divided  by  the  accession  of  weight  to 
the  water  (which  only  could  have  communicated  the  acces- 
sion of  leniperature),  it  is  evident  that  the  quotient  will  give 
the  temperature  which  the  steam  lost;  and  if  to  this  be  added 
the  temperature  wliicli  it  retained  (viz.  that  of  the  water  in 
the  cii^ici  n  at  the  conclusion  of  the  experiment),  a  number  will 
be  obtained  showing  the  whole  heal^  or  the  sum  of  the  lulciiL 
and  sensible  heat  o(  the  steam.  Hence,  by  subtracting  the 
sensible  heat  of  the  steam  from  this  sum»  the  latent  heat  will 

be  found.  That  is,  S£LA^^^+  qoL  a  b  the  sum  of  the 
latent  and  sensible  heat  \  or, 
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if  W  s  weight  of  cold  water,  T  at  its  temperatiare 
m  s  accession  of  water  by  the  condensed  steam, 
#     the  temperature  of  wann  water,  and 
jr  &x  the  sum  of  the  latent  and  sensible  heat  of  the 
steam  condensed, 

 z  +*• 

Either  of  these  equations  will  be  found  to  give  in  the  three 
experiments  1157%  lS4iS  and  1856^,  from  which  subtract 
the  numbers,  col.  xt,  839%  270j  and  29.5^  and  there  re* 
main  996%  974^  and  961%  the  latent  heat. 

Three  other  experiments  were  instituted  with  the  intention 
of  asoertaining  the  latent  heat  of  steam  under  the  three  same 
degrees  of  elasticity,  viz.  equal  to  the  support  of  40,  80  and 
1^0  inches  of  mercury.  The  steam  was  raised  or  generated 
in  llie  same  boiler  used  in  the  previous  e^^rpcriments,  and  from 
the  end  of  a  cast-iron  pipe  of  1,}  incii  diametci'  wliich  united 
with  it,  a  small  copper  pi])(j  was  taken  (ii;iiiiLtLi-  about 
^  inch)  and  bent  down  so  lluil  its  end  could  couvemtndv  be 
unmersed  an  inch  or  two  under  the  surface  of  the  water,  ^e 
end  of  this  pipe  was  closed  by  a  thin  disc  of  copper,  in  which 
a  circular  hole  was  made  j^^^th  of  an  inch  diameter,  through 
which  the  steam  from  the  boiler  was  blown  into  the  cold 
water.  The  water  which  received  the  heat  was  contained  in 
a  tinned  iron  vessel  that  weighed  3*77  lbs.,  and  its  capacity  for 
heat  may  therefore  be  called  equivalent  to  \  lb.  of  water.  In 
each  of  tlie  experiments,  the  water  employed  to  receive  the 
steam  weigl)ed  2B  lbs.,  to  which,  in  the  toilowing  table,  re- 
cording the  principal  facts,  b  added  this  ^  lb.,  in  lieu  of  the 
vessel. 


— — 
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If  cither  of  the  equations  above  be  applied  here  to  the  tacts 
noted  in  this  table,  tlie  sum  of  the  latent  and  sensiblu  lu  ai  will 
come  out  1119^  1  190'  and  12^8°;  and  the  latent  heal  890°, 
920  and  933^.  it  was  observctl,  however,  that  tiic  liii  vessel 
lost  heat  to  the  surrounding  air  very  sensibly,  and  an  expert* 
flMBt  was  made  to  detennine  the  amount  iji this  eSktt;  and  it 
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was  found  wheo  the  contained  water  wet  at  80^  1**  was  lost 
in  five  minutes;  when  at  60^,  1*^  w  is  lost  in  len  and  a  half 
minutes;  it  would  therefore  probably  ioie  1°  in  eight  minutes 
during  the  time  of  an  experiment,  the  mean  temperature  being 

about  65^;  and  as  the  execs*;  of  temperature  at  the  beginning 
and  end  of  an  experiment  above  tliat  of  the  air  was-  neai  l  v  llic 
same  in  all  three,  the  loss  would  be  nearly  propui  tiuiKil  to  ihe 
duration  of  each.  Hence,  to  the  acquired  heat  siiouUl  \>q 
added,  in  the  first  experiment,  1^^^;  in  tlie  second,  f^;  ami 
in  the  third,  ^°;  being  severally  proportional  to  the  said  du- 
ration* Thete  being  respectively  added  to  the  temperatnree 
in  ednmn  V.  and  Vi.,  give  tn  die  former  814^  and  81  ^  ; 
and,  in  the  latter,  38|S  84^  and  8Sf°i  and  if  either  of  these 
aets  of  numbers  be  uMd  in  the  calculation,  according  one 
or  the  other  of  the  equations  is  adopted  to  develope  the  re^ 
anlti,  they  will  be  found  to  be  117r,  1212^  and  IMfi^for 
the  sums  of  the  latent  and  sensible  heat ;  and  consequently 
the  latent  heat  in  each  experiment  will  be  94^%  and 

950°. 

It  may  be  remarked,  that  no  allowance  was  made  in  calcu- 
latins^  from  the  former  expc  riiiiciit>,  lor  the  heat  which  would 
be  taken  by  the  cistern,  but  which  in  the  ftrSt  of  iheni,  lasting 
two  hours^  would  probably  be  vei^  sensible,  and  may  account 
for  the  principal  part  of  the  deficiency  of  latent  heat  brought 
ont  bj  the  ealcnlation  from  that  experiment^  in  oompafiaon 
with  that  fisom  tha  two  Mooeeding  onei. 

The  opinion  which  I  entertain  from  these  caqperiments  aa 
to  the  latent  heat  of  steam  is,  that  it  is  a  constant  qQantity«  and 
perfaapa  this  opinion  obtains  support  from  the  modern  dis- 
coveries of  definite  proportions.  Hut  it  is  necessary,  however, 

to  explain  the  limitation  with  which  1  here  use  this-  term, 
*' cojistarit  quavfifvV  It  is  well  known  that  if  conmion  air  be 
expanded,  colti  is  produced*;  and  it  must  therefore  happen, 
that  if  a  given  quantity  of  it  at  a  given  tempcrauuc  could  he 
gradually  expanded,  and  as  it  was  so  expanded,  graciualiv 
supplied  with  heat,  so  as  to  keep  the  temperature  unaitered| 
this  supply  of  heat  would  become  latent  i  the  thermometer 
would  not  show  it*  It  is  probable^  both  from  analog;^  and 
experiment!  that  this  efiect  takes  place  in  the  expansion  of 
steam.  It  is  nol  fkupart  of  iu  lieat,  though  latent,  and  in 
the  eiperiments  aioo?e  related  ttodistingoishablei  that  I  would 

*  An  opportunity  occurred  to  mc  some  years  back,  wlueh  enableii  me 
to  dtlermiDe,  with  tolemble  precttioii,  the  degree  of  cold  produced  by  the 
expansion  of  coeuBoo  sir  fium  the  hoik  ol  two  to  three*  which  I  leend  te 
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be  understood  to  spenk  u  lien  I  state  my  opinion  to  be  as  just 
mentioned;  but  it  is  ot  that  which,  when  water  alters  its  state 
to  that  of  an  elastic  fluid,  becomes  essential  to  it  in  eveiy  de- 
gree of  elasticity,  besides  that  whicli  belongs  to  its  expanded 
state.  This  latter  may  be  called  the  latent  heat  of  expansion*, 
while  the  other  may  perhaps  properly  be  called  constitutional. 

Allow  ne  here  to  illustrate  hypothttically  thb  mttter:  If 
this  eiseiitiftl  or  constittttiooal  part  of  latent  beat  be  added  to 
water  having  the  necessaiy  portion  of  sensible  heat^  and  per> 
fectly  confined  in  a  close  vessel,  I  conceive  the  water  would 
be  in  the  state  of  an  elastic  fluid;  would  in  fact  be  steam,  as 
dense  as  water  (possibly  compressible,  and  capable  of  greater 
density),  and  would  then  require  no  latent  lient  of  expansion; 
but  if  the  containing  ve&sel  be  now  conceived  to  cx[)and,  for 
instance  into  double  the  space,  I  then  imagine  it  would  re> 
quire  some  addition  of  heat  during  this  expansion  to  mainiaiii 
its  propoitionai  elasticity.  It  mubt  be  observed,  however, 
that  while  this  expansion  was  calling  for  more  latent  beat,  tba 
sensible  beat  necessary  for  tbe  diminishing  elasticity  would  be 
lessening;  but  it  does  not  follow  that  these  quantities  should 
necessarily  balance  each  otherf. 

When  this  fluid,  steam,  is  raised  in  low  temperatures,  and 
of  course  under  a  low  degree  of  elasticity,  it  obtains  from  its 
source,  at  the  same  instant,  not  only  the  constitutional  part 
of  its  latent  heat,  but  also  that  of  expansion,  and  thus  the  two 
kinds  are  confounded ;  and,  in  experiments  where  they  are 
developed  by  total  condensation,  are  only  to  be  detected  to- 
gether in  sum;  and  it  mat/  be  that  this  sum,  together  with  the 
sensible  heat,  in  different  states  of  elasticitv,  may  make  a  con- 
stant quantity ;  but  if  the  latent  heat  of  expansion  from  a 
denser  to  a  rarer  state  be  greater  than  the  diminution  of  die 
sensible  heat  necessary  only  for  the  lattery  tbe  sum  of  the  sen- 
aible  and  total  latent  heat  will  be  more  in  steam  raised  in  low 
tcmpenttnres  than  in  high  ones,  which  the  result  of  your  ex* 
periments  made  in  low  temperatures  seems  to  countenance. 

In  all  that  I  have  said  above,  when  speaking  of  steam,  I 
have  always  intended  that  fluid  in  the  state  in  whicii  it  is  raised 
from  water,  viz.  saturated  therewith;  but  undoubtedly  this 
iluid,  after  it  is  so  raised  under  any  temperature,  and  beinff 
clear  from  any  addiiionui  acceaaiou  ut  water,  may  be  heated 
above  that  temperature,  and  cooled  down  to  it  again  with 

*  I  have  no  view  here  to  any  substances  Dot  having  tbe  natural  powsr 
of  expansion,  as  water.  Ice,  &c.— J.  S. 

f  1  have,  fof  very  numy  years,  entertdned  a  draHsr  hjrpotberis  f  bat  I 
know  of  no  experiment  whereby  the  truth  of  it  can  be  demonstrated  Con* 
dutivety.**— W.   Thu  note  ^  Mr,  Wait, 
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changes  of  elasticity  corresponding  to  those  of  tonipt  rnture, 
like  RS  common  air  mav'  be,  without  limitauon  ot  lemperature, 
as  far  as  is  known.  This,  however,  i^s  a  view  oi  the  subject 
which  has  been  totally  exdaded* 


Besides  the  experiments  first  related.  In  which  the  tempe- 
rature of  steam  raised  under  high  pressures  was  observed, 
others  had  been  made  some  years  before  (in  1797  and  1 798)  for 
tlint  purpose  only;  and  as  lliey  were  made  with  the  greatest 
circLimspectinn,  both  the  manner  of  makinrr  them  nnd  tficir 
results  may  be  here  described,  as  may  also  the  results  of  other 
experiments,  made  with  equal  care,  to  ascertain  the  tempera* 
ture  of  steani  raised  under  loua  pressures. 
•  The  instrument  used  in  the  former  was  a  Papin's  digester, 
simikr  to  what  yon  had  used  in  yonr  ori|^nal  ezperinients, 
and  to  that  described  in  the  Encj/clopadta  BriUntnka^  art» 
Steam,  No,  the  leading  differences  being  In  adapting  a 
metallic  tube  to  it  to  contain  the  thermometer,  or  rather  as 
much  of  it  as  contained  mercury,  in  the  manner  mentioned  in 
the  beginning  of  this  letter,  and  instead  of  a  valve,  by  the  load 
on  which  to  measure  the  elasticity  of  the  contain c(!  steam,  a 
nicely-bored  cylinder  was  applied,  with  a  piston  littlng  it,  so 
as  to  have  very  little  friction,  and  to  the  rod  of  this  was  aj>- 
plied  a  lever,  couMiructed  to  work  on  edges  like  tho5?e  of  a 
scale-beam,  by  which  the  resistance  agauist  the  elastic  force 
of  the  fleam  ooaM  be  accurately  determined;  and  at  your 
suggestion,  to  be  assured  thai  no  inaccuracy  had  crept  into 
the  calcnktlon,  by  iduch  this  resistance  through  tlie  medium 
of  the  lever  was  ascertained,  an  acttial  column  of  mereuty  of 
SO  inches  high  was  substituted,  and  the  comspondenee  was 
found  to  be  within       of  an  inch. 

The  observations  nt  each  of  the  points  of  pressure  noted 
were  continued  some  minutes,  the  temperature  at  each  being 
alternately  raised  and  lowered,  so  as  to  make  the  pressure  of 
the  steam  on  the  under  side  of  the  piston  alternately  too  much 
and  too  little  for  llie  weight  with  which  it  was  loaded;  and 
thence  a  mean  temperature  was  adopted,  the  extremes  of  which 
were,  as  well  as  I  now  recollect,  not  more  than  half  a  degree 
on  each  side  of  it»  The  load  on  the  pbton,  including  its  own 
weight,  &c.»  was  calculated  to  be  successively  just  equal  to  1, 
%  ^  and  8  atmospheres  of  89*8  inches  of  mercniy  each,  and 
the  temperature  of  the  steam  was  varied  as  above  till  that  of 
each  point  was  determined :  the  results  were  thus- 
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The  experiments  for  ascertaining  the  temperaLuie  of  stcarn 
below  the  atmospheric  pressure  were  made  with  an  apparatus 
CMitiftUy  fimilar  to  that  which  yon  onginaUy  lued,  and  with 
icrupnloas  care  and  attantion  ;  and  I  met  with  the  aame  ind* 
dents  as  yoa  bad  done;  aadi  as  the  production  of  a  bobUa 
of  air  whenever,  after  any  experimenly  the  tube  was  inclined 
to  refill  tlie  ball;  and  also  the  extraordinary  suspension  of  a 
column  of  mercury  of  35  inches  vertical  height,  and  of  7  inches 
of  water  above  that,  although  the  counterpoise  was  only  that 
of  the  atmosphere,  then  under  SO  inches.  I  found  also  that 
the  tube  rc(jiiired  a  considerable  (l(_gri:e  of  tabouring  or  sha- 
kin«^  to  make  tlie  cuiuiiui  subside  anti  leave  a  space  in  the 
bail.  Tliis  pheenomenon  was  not  jiruduced  till  after  much 
pains  taken  in  inverting  and  re-inverting  the  tube  again  and 
again,  nor  tHl  it  had  been  8ii8bred»  afker  these  opmUons^  to 
stand  for  three  or  four  days  undisturbed  in  the  exhausting 
position^  and  then  discharging  the  air  that  had  been  accamu* 
la^^  m  the  interval. 

Toe  results,  to  be  found  in  the  table  below,  were  deduced 
from  the  observations  as  you  had  done,  viz.  by  adding  to  the 
height  of  the  column  of  merrnrv  in  the  tube  (ascertained  by 
a  gauge  floating  on  llie  surface  ot  the  iiuicury  in  the  basin), 
that  of  the  water  above  it,  or  rather  of  an  (  ( jiiivalent  column 
of  mercury,  and  subtractiiig  their  sum  iroin  ilie  hei^i^ht  ot"  the 
common  barometer  at  the  time.  All  tliese  results  were  taken 
from  observations  made  after  the  apparatus  had  been  so  j^r- 
lectly  exhausted  of  air  as  to  produce  the  phsonomenon  just 
nentioiied. 
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1-42 
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0-41 
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8-86 
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3-  58 

4-  68 

7-86 

9-98 
18-M 
18-01 

In. 
8-54 
4-65 
6^ 
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9^90 
18-72 
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3-  58 

4-  72 
8-14 

7'8» 
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12-87 
18-88 

Id. 

3-57 
.1-68 
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999 
18-64 
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Tfie  following  formula  will  be  lounci  to  '^\vc  the  elasticity 
belonging  to  a  given  temperature,  and  virr  :>/  v,  with  a  sui- 
ficient  degree  of  accuracy  foi-  mo^t  purpost  s,  u  iihin  the  range 
of  the  expel  imcnU,  at  least,  irom  wliicii  the^'  liusc  been  lornieti. 

Let  t  ss  temperatare,  e  =  elasticity,  in  inches  of  mercitry ; 


and  E^e^^  f»=:94250»00 


Jllien 


Iff 

514 

Bui  as  the  calculation  is  most  easiljr  performed  by  loga- 
rithms, let  L  signify  the  ioganthm  oi'trc  quantity  to  which  it 
i«  prefixed :  then 

514  LT-iO-97427=»LE 


LE-f  10*97427 
5-U 


=LT. 


The  following  table  shows  the  obterved  elaMicitiesy  thoM 
derived  from  cuculatioD  by  the  formula*  and  the  diffiBrenoea 
of  the  two,  which  appear  to  me  to  be  aa  gmaU  as  can  be  ex- 
pected, taking  a  general  view. 


Tmpen- 
tun. 

OUMrrved 
dMtiritki 

Calculated 
tlmtiritMii. 

1  ton. 

i!hSiSliw  ^SiathlTiM 

la. 

In. 

Itt. 

In. 

In. 

Tn. 

1  142 

6-06 

+014 

49 

(►SS 

US 

7*8fi 

7-ta 

+0-14 

52 

0-35 

162 

9-99 

10-19 

-f  0  20 

0-59 

0-50 

17* 

12-64 

12-«6 

+0-22 

<Hrs 

0-71 

>e4if 

Itt 

la^ 

+0^17 

102 

101 

-0-01 

1U2 

1991 

1-43 

1-42 

000 

202 

24-45 

m 

1*95 

I'M 

-|-(H)1 

m 

AM 

e«o 

Hi 

2«7 

-»-(H)3 

250-3 

5969 

+o<» 

123 

357 

3-58 

+0-01 

'  2934 

118  32 

-0-88 

13S 

4-68 

4-74 

+006 

313-6 

238-40 

237-60 

1  believe  it  is  now  generally  considered  that  the  tempera- 
ture 212°  is  that  of  water  boiling  when  the  barometer  is  at  30 
inches  instead  of  29-*^ :  and  if  in  the  above  algebraic  expres- 
sions the  following  alterations  be  made,  the  results  from  the 
formulae  will  correspond  with  the  adjustment  ot  that  point* 
and  fully  as  well  with  the  experiments  generally. 

Let  T  =  /  +  51*3;  the  index  of  the  power  and  of  the  root 
be  5*19,  instead  of  5*14;  and  at  s  87344*000000.   So  the 
two  bat  eqoatiooa  will  be :  5-lS  LT-10^189»L£;  and 
LE-H0Wlg3  jrj. 
*  fl3  ^^^^ 
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The  table  will  stand  as  follows,  supposing  tlie  thermometer 
had  been  graduated  for  212"^  to  correbpoud  with  30  inches  of 
the  barometer: 


rmture. 

elaaticities. 

CUenlatod 

eUsUritic*. 

encea. 

Tempc* 
ratuiv. 

elastidtie*. 

elMtieitiea. 

3§ 

In. 

In. 

In. 

a 

142 

la. 

In. 

In. 

♦0-16 

0-18 

+002 

610 

G-22 

+0-12 

i9 

*0-23 

025 

+0^)2 

152 

7-90 

8-03 

+0-13 

52 

*0-35 

o;i.i 

0-00 

102 

1005 

10*25 

+0-20 

62 

0-52 

0-60 

_(H)2 

172 

12-72 

12-U4 

+  0  23 

72 

0-73 

0-71 

-0-01 

182 

16-01 

Id  17 

+010 

82 

1-02 

101 

-O-Ol 

192 

204)4 

92 

142 

1*42 

O-OO  i 

202 

2t-f?l 

102 

1-96 

1-97 

+001 

212 

30<>0 

;{()•(«> 

000 

112 

2-68 

2-68 

+0-02 

250-8 

G0(>0 

GO- 11 

+0-11 

3-58 

3-60 

+04)2 

293-4 

120-<X) 

11917 

-0-83 

4-71 

4-76 

+0-05 

343-6 

240-00 

2ii»'2S 

-0-72 

I  remauly  with  the  greatest  esteem  and  respect. 

Dear  Sir,  your  very  obedient  Servant, 
OakhiU,26th  March,  1814.  JOHH  SoUTBERN* 

To  James  Watt,  Esq,,  Healhjetd. 


P. 8.  Some  circumstances  which  occurred  in  the  perform- 
ance of  the  experiments  (made  in  1797  and  1798)  of  which 
the  results  arc  last  related,  suggested  the  trials  of  a  mixture 
of  air  with  the  sleani;  and  I  made  a  icw,  not  uideed  vv  iiii  die 

greatest  nicety,  bat  asthe^  furnished  a  ttroDj^  probability  that 
le  ibllowing  law  of  dastidt;;^  of  a  given  mixture  was  eithar 
nearly  or  accurately  correct,  it  m&j  be  of  uae  to  say,  that  the 
apparatus  used  in  the  steam  experiments  being  prepared  as  if 
for  a  repetition  of  them,  and  as  perfectly  exhausted  of  air  as 
for  them,  a  known  measure  of  common  air  was  sent  up  the 
tube  llirough  the  mercury  and  wnter,  and  look  its  place  in  the 
ball;  the  water  surround in^^  whlcli  was  heated,  and  its  teinpe- 
rntnre  observed  at  difierent  ))eriods  as  heftirc ;  and  indeed  the 
proces>s  was  precisely  the  same  as  the  luiincr,  witli  the  addi- 
tional noiite  ul  the  space  in  the  ball  occupied  by  the  expanded 
air  and  steam  jointly.  This  process  was  repeated  three  or 
tar  times  with  different  qnantities  of  air,  bat  the  notes  not 
being  preserved,  I  can  only  now  mention  the  oondnsion  they 
indncea  me  to  form  as  to  the  law  above-mentioned,  viz.  that 
whatever  the  elastic  force  of  the  air  admitted  would  be  in  its 
expanded  slate,  supposing  it  dry  and  to  occupy  the  whole 

•  These  wet  inserted  firon  nomerout  experiments  made  by  Mr.  W. 

Crdghton.    Mr.  W.  Creighton  published  n  tl  c  rctn  for  the  aaiticity  of 
steam  at  different  temperaturei  in  tJie  Fhilotophicai  Magasine,  1819^ 
vol.  liii.  P.  SW^Ed, 

K2 
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empty  space  in  the  bell  (not  occupied  by  water) » after  adding 
for  die  increaie  of  its  elasticity  by  the  increase  of  tenperaturet 
it  was  yet  to  be  augmented  by  the  elasticity  which  steam  alone 
of  the  same  temperature  woiud  possess^  to  give  the  elasticity 

of  the  mixture, 
Let&ssbulk  of  air  introduced  into  the  ball^  measured  be* 
fore  its  introduction. 
A:=its  elasticitv  (expressed  in  inches  of  mercuryy  or  the 

height  of  tiie  common  barometer). 
B=bulk  occupied  by  it  jointly  with  the  steam  in  the 
ball,  when  their  common  temperature,  governed 
bf  Uiat  of  the  water  in  the  pan,  is  f. 
1 :  rs  ratio  of  elasticity  which  the  air  had  before  introduc- 
tion to  what  it  would  have  by  augmenting  its  tern* 
perature  to  /;  or»  which  is  nearly  the  same,  the 
ratio  of  expansion  of  air  by  the  augment  of  tem- 
perature to  f,  when  under  tlie  snnie  pressure. 
Kspillar  of  ineiTiiry  (in  iTiches)  which  Steam  ot  the 
temperature  /  would  support: 
26A 

Then  E-f- ^  svpillar  of  mercury  (in  inches)  which  would  be 

supported  by  the  elasticity  of  the  mixture  at  the 
temperature  /. 

Egaa^.  Suppose cubicinch;  A»80mches;  /=I08^ 
10  to  1 1)  ratio  or  ehuticit^  of  air  at  the  temperature  at  which 
it  was  introduced  to  what  u  would  possess  at  102,  consequently 
8=1*1;  B=:6  inches,  and  E  (by  the  table)  1*95.  Then 
1*95+1  X  SO  X  l*l-f^a:4*70  for  elasticity  of  the  mixture^  or 
column  of  mercury  it  would  support. 


XXVt  On  tke  Exhalation  of  Biearbonate  of  Ammonia  by  the 
Lmigh  Bjf  Lewis  I'koimoN)  M*R*(XS»f  4v« 

To  the  Editors  of  the  PhUosophkat  Magazine  and  Journal 
Gentlemen, 

HAVING  lately  had  occasion  to  ascertain  the  aaiouni  of 
moiaiuie  given  off  by  the  lungs  of  several  healthy  indi- 
viduals during  a  fixed  period,  I  was  induced  to  examine  the 
nature  of  the  fluid  thus  condensed*  The  result  has  proved 
that  bicarbonate  of  ammonia  is  constantly  eabaled  from  the 
lungs  to  the  extent  of  rather  more  than  three  grains  everpr 
twenty<>ibur  hours  for  each  individual;  and  although  this 
quantity  may  appear  trifling,  yet  the  amount  arising  from  a 
laige  population  like  that  of  Xiondon  is  well  worthy  oif  notice^ 
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and  mubt  exceed  160  tons  of  solid  bicarbonate  c»t"  ammonia 
per  annum :  and  %  as  b  extremely  probable^  other  animals 
also  exhale  this  substancei  the  atmosphere  most  not  only 
always  contain  enough  of  this  agent  for  the  purposes  of  \  cgc- 
tation,  bttt^  by  a  reciprocal  action,  the  mutual  increase  of  ve- 
getables and  animals  would  only  tend  to  render  the  air  better 
adapted  for  the  due  development  of  both.  The  existence  of 
ammonin  in  tl>e  breath  may  ensilv  he  demonstrated,  by  re- 
spiring air  vvliicii  has  passed  tlirough  diluted  sulphuric  acid, 
and  then  expiring  it  through  a  tube  surrouniied  by  water  at 
39^  F.,  to  the  further  end  of  which  a  vessel  is  attached  to  re- 
ceive the  fluid  which  condeu^es.  On  acidulatmg  ilns  iluid 
with  one  or  two  drops  of  pore  muriatic  acid  and  Evaporating 
to  dryness  on  a  water-bath,  a  residue  will  be  obtained,  which, 
when  dissolved  in  five  or  six  drops  of  water  and  introduced 
into  a  small  test-tube,  will  give  on  ammonia  on  the  addition 
of  two  or  three  drops  of  a  strong  solution  of  potash,  as  evi- 
denced by  its  action  on  turmeric  paper  and  muriatic  acid,  or 
by  its  pecidiar  smell .  The  respiratory  process  should  be  con- 
tinued tor  au  liour  or  two. 

It  would  be  interesting  to  know  whether  any  diOlreiice  is 
observable  in  the  amount  of  ammonia  exhaled  frum  ihe  lungs 
of  individuals  sulieiiDg  iVoni  disease  uiihe  kidney,  diabetes^  &c. 

I  am,  Gentlemen, 

Your  most  obedient  Servant, 
Byker  Bar,  Newcastle-on-iyne,  LbwIS  THOMPSON. 

Jan.  13,  1847. 

XXVI.  Proceedings  of  Learned  Societies, 

ROYAL  SOCIETY. 
[Cotiliiuiccl  from  p.  59.] 
Jan.  7,  "/^UELQITES  Rechcrches  sur  I'Arc  Voltaique;  ct  sur 
1847.  rinfluencequ'exerce  le  Magnedsrae,  soit  sur  cct  Arc, 

sott  sur  les  Corps  qui  transmetteat  les  Courants  Electriques  Dis- 
continas.''  By  M.  Auguste  De  la  Rive,  Foreign  Member  of  the 
Royal  Socipty,  Professor  in  the  Academy  of  Geneva,  Com^fModiog 
Member  of  the  Academy  of  Sciences  of  Paris,  &c. 

In  the  first  section  of  this  memoir  the  author  gives  a  detailed  dc> 
aeription  of  the  pheaomeoa  exhibited  by  the  luminous  voltaic  arc 
prodiieed  either  in  a  vacoum  or  in  atmospheric  ur,  or  in  hydrogen 
gai)  by  employing  electrodes  of  different  kinds  of  conducting  sub- 
stances, in  the  form  either  of  points  nr  of  plates.  He  examines  mi- 
nutely the  transfer  of  particles  which  takes  place  from  one  pole  to 
the  other  under  these  various  circumstances,  and  the  differences 
which  eeevr  when  the  earrents  are  rerefsed.  He  observed  that 
when  a  poaitive  metallic  point  is  presented  to  a  negative  plate,  par- 
ticles of  the  former  are  transported  by  the  voltaie  are,  and  deposited 
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on  tiw  latter*  forminf  a  ring  of  a  regular  Ibm,  hariag  m  ki  watro 

the  prijection  of  the  point  on  the  pUfe.  This  happens  in  atmo* 
spheric  air  whether  highly  rarified  or  of  the  ordinary  density,  but 
not  in  hydrogen  gas.  This  deposit  consists  always  of  oxidized  par- 
ticlos  of  the  positive  metal  wliieh  forms  the  pointed  electrode.  In 
the  case  of  plutiiiuiu,  the  circular  spot  is  of  a  blue  colour,  and  pre- 
■ents  the  appeaiaaee  of  the  coloured  riuas  of  NobUL  This  eifeot 
the  author  is  dispoeed  to  ascribe  to  the  aeuoD  of  the  oxy^n  brought 
by  the  voltaic  current  into  that  particular  condition  whicli  Srlin-n- 
bein  6rst  described  under  the  name  of  Ozone,  While  tbia  depoeit 
is  taking  place,  a  vivid  blue  light  is  emitted. 

In  the  second  section  the  author  investigates  the  actioD  exerted  by 
a  poirerfol  elMtro-niagBet  on  the  vdtaio  aro.  Ha  toeribaa  tha 
mariEaUa  aoodiiloations  which  the  length,  tha  form,  and  even  tha 
nature  of  the  arc  undergoes  when  the  electro-magnet  i>  bro^igfit  ex- 
tremely near  to  it,  and  the  magnetization  of  the  elcctrode^j  them- 
selves, when  they  are  susceptible  of  that  affection  by  their  approxi- 
mation to  the  electro-magnet.  He  notioee  the  ringular  phenomenon 
of  a  peeoUar  loand  omitted  by  the  luminoiia  afo»  when  ao1^|oeted  to 
this  magnetic  Infiaence ;  a  sound  which  Tarieabotii  in  its  natara  and 
its  inteiisity  according  to  the  nature,  the  form  and  the  temperature 
of  the  electrodes,  consisting  <!onietim(>s  of  a  shrill  whistle,  and  at 
other  times  of  a  series  of  slight  detonations. 

The  tfahrd  iootion  is  dev^ad  to  tho  faifaatigation  of  a  wnnarhaWa 
pbenoauuion  presented  by  all  tha  oonduoting  bodies  while  traiMBDll* 
ting  discontinuous  electric  currents,  under  the  influence  of  a  power- 
ful electro-magtH't ;  namely,  t]i<"  emission  of  n  eound  resemMintr  thnt 
of  the  revolving  ttnitlied-wlu  1 1  in  J^avarl's  ex|u  rimcnts.  This  Nuuad 
is  distinctly  heard,  aud  is  peculiarly  loud  vvitii  prismatic  bars  of  lead, 
biamutht  tin,  &&,  about  threo-quarten  of  an  inch  square  and  a  ibot 
and  a  half  long,  whathar  placad  in  the  direction  of  a  line  joining  the 

{)ole9  of  an  electro-magnet,  or  in  a  direction  at  right  angles  to  such 
ine :  it  was  weakened  only  by  increasing  the  distance  between  the 
poles  and  the  bar.  The  intensity  of  the  sound  appeared  to  depend 
much  1^  on  the  nature  of  the  substance  which  was  subjected  to 
this  aatioai  than  on  its  fom,  Its  Tokuno»  and  its  inaas.  All  oondoaU 
lag  bodies,  whatever  may  be  thoir  naturae  or  stata  of  aggregation, 
arc  capable  of  yielding  these  sounds.  They  arc  produced  by  char- 
coal ol'  all  kinds  and  shape.  Morcury  contained  in  a  cylindrical 
glass  tube,  of  similar  dimensions  with  the  metallic  bars,  emits  a 
sound  of  great  ioteoMtj ;  and  a  still  louder  sound  arises  from  a  wire 
ooiled  aaa  h^Ua  arannd  acyliadar  of  wood,  and  also  by  tubes  forsad 
of  different  metals.  Similar  phenomena  are  also  ofaaarfaUa  by  tha 
action  of  a  helical  coil  substituted  for  the  drctro-nifitrnet. 

On  the  whole,  the  author  arrives  at  the  conclusion  tlsat  the  phe- 
uomeua  uouci^d  in  this  paper  are  altogether  molecular,  and  that  they 
establish  the  following  principlsat  fint,  that  tha  passage  of  the  alee* 
trio  current  modifies,  even  in  solid  bodies,  the  arrangement  of  tha 
particles ;  and  secondly,  that  the  action  of  magnetism,  in  like  man- 
ner, produoas  ao  anakigona  roodifioatioii  in  tha  atolaadar  oooatiln* 
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tkm  of  alt  bodiM.  This  hat  afavidy  been  denMNMlntad  liy  Faraday 
in  tin  oaie  of  transparent  bodies,  in  ita  cfibete  im  polarized  liglit ; 
and  is  now  oxtended  by  iM.  De  la  Kive  to  opaque  conducting  bodies 
by  emplojiug»  instead  of  polarised  lt^t»  a  disooottJiuous  electric 
current. 

Qo  the  Gangik  and  Nervaa  of  the  Virgin  Utania.**  By  Robert 
Lea»  M JX,  fte. 

The  anthor  atatea  that  his  recent  difaectiona  have  enabled  him  to 
verify  the  descriptions  he  gavp  of  the  ganglia  nnd  nerves  of  the 
uterus  in  his  papers  already  ])ubitshed  in  the  Philosophical  Trans- 
actions, and  ai^o  to  detect  the  existence  ot  ganglia  situated  lu  the 
moMMilar  coat  of  the  Qteros»  and  of  plemtet  of  nenrea  accompanying 
alt  the  blood-vevels  and  afaeofbenta  ramifyuig  in  ila  walls,  between 
the  peritoneum  and  lining  membrane.  By  examining  the  hearts  of 
a  foetus,  of  a  child  of  six  years  of  nc^o,  of  an  adult  in  the  sound  state, 
a  human  heart  greatly  hypertropliii d,  and  the  heart  of  an  ox,  he 
found  that  there  exists  a  striking  analogy  between  the  ganglia  and 
nervea  of  the  tttema  and  thoae  of  the  heart.  He  asoerlaioed  bj 
microscopic  observation  that  the  mnacular  and  vaacular  stmeturaa 
of  the  auricles  and  ventricles  arc  endowed  with  numerous  ganglia 
and  plexuses  of  nr  n  es,  which,  as  far  as  he  knows,  fiave  not  yet  been 
described,  and  wiiicli  enlarge  simultaneously  with  iho  natural  growth 
of  the  heart,  and  also  continue  to  enlarge  during  its  morbid  condi- 
tiona  of  hypertrophy.  The  author  alao  finds  that  the  aixe  of  the 
ganglia  and  nervea  of  the  left  auricle  and  ventride,  in  the  nonnal 
state,  is  more  than  double  that  of  the  corresponding  parts  on  the 
right  side.  A  description  is  then  given  of  two  elaborate  drawings 
which  accompany  the  paper. 

On  nnew  and  practical  fom  of  Voltaic  Battery  of  the  highest 
powen,  in  which  Potaaaiam  forma  the  positive  flement"  By  John 
Goodman,  Eeq*  Communicated  by  &  Hunter  Chriitie,  Esq.,  A.M.> 
Sec*  R.S. 

The  author  succeeded  in  constructing  a  voltaic  arrangement  of 
some  power  by  fixing  a  piece  of  potassium  to  the  end  of  a  copper 
wire,  placed  in  a  tube  oontaining  najththa,  and  bringing  it  in  con- 
tact with  a  small  quantity  of  mercury,  held  by  a  layer  of  bladder 
closing  the  lower  end  of  the  tubc^  which  was  itself  immersed  in 
acidulated  water  immediately  over  n  piece  of  platinum,  and  then 
completing  tlio  circuit  by  establishing  a  metallic  contact  between 
the  copper  wire  and  the  platinum.  This  battery  acted  with  enei^y 
on  the  galvanometer,  and  effected  the  deeompoaition  of  water.  A 
series  of  twelve  pairs  of  similar  platea  exhibited  a  sensible  attraction 
of  a  slip  of  gold  leaf.  Thus  it  appears  that  the  substance  which 
possesses  the  highest  chemical  affinity  maoifeats  alao  the  greatest 
power  of  electrical  tension. 

Jan.  21.  On  Photographic  Self^registering  Meteorological  and 
Magnetical  Instrnmenta."    By  Franoia  Ronald,  Esq.,  F.R.S.>  &e. 

The  apparatua  employed  by  the  author  at  the  Kew  Olraervatory, 
and  which  he  terms  the  Photo- Elcetrograph,  is  described  by  him 
in  the  following  words : — "  A  rectangular  box,  about  sixteen  inches 
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Umf  and  three  aquare,  conetitales  the  part  usually  called  the  bocfy  of 

a  kind  of  luccrual  microscope.    A  voltaic  electrometer  (properly 
insulated,  and  in  communication  with  an  atmospheric  conductor)  is 
suspended  within  the  microscoju',  tlii  ough  an  aperture  in  the  upi>er 
side,  and  near  to  the  ob^t  end.    i  iiat  end  lt&e\i  i&  closed  by  a  plane 
of  gUuM,  when  daylight  is  med,  and  by  coodensiDg  leoaee*  when  a 
common  Argand  lamp  is  employed.  Ill  either  case  an  abimdaiioa 
of  light  is  thrown  into  the  microscope.    Between  the  electrometer 
and  the  ether,  or  eye-end  of  the  microscope,  fine  achromatic  lenses 
are  placed,  which  have  fht   dDuble  effect  nf  conflensing  the  light 
upon  a  little  screen,  biLualed  at  that  eye-end,  and  of  projecting  a 
•trong  image  of  the  e]eetroiiieler»  io  deep  oscuro,  upon  it*  Xhroagb 
the  soieen  a  veiy  narrow  slit,  of  proper  curvature,  is  cut  (the  bhoid 
of  the  arc  being  in  a  horizontal  position),  and  it  is  fitted  into  the 
back  of  a  case,  about  two-and-a-half  feet  lonp;.  wliich  case  is  fixed 
to  the  eye^eud  of  the  microscope,  at  right  an^Ks  with  its  axi:<,  and 
vc-ilicuily.    Within  the  case  is  suspended  a  iiume,  nrovidtd  wiih  a 
vabbety  into  whioh  two  pUitee  of  pore  Ihin  glasi  eaa  be  dropped,  and 
biottght  into  doee  oontact  by  meaoa  of  nx  little  bolts  and  nuts. 
This  frame  can  be  removed  at  pleasure  from  a  line,  by  which  it  is 
suspended,  and  the  line,  after  pa'ssing  throui^h  a  small  aperture 
•    (stujtiuMi  with  jrrease)  cut  throuirh  the  upper  enii  ol  the  long  case, 
is  ailached  Lu  a  pulley  (ahouL  luur  iuclies  in  diameter Jl,  tix.ed,  witii 
capacity  of  acyustnentt  on  the  hour  arbor  of  a  good  doek.  Lastly* 
ooonterpoiseay  Tollen*  npriogs,  and  a  .straight  ruler  are  employed  for 
ensuring  accurate  leetiuneai  sliding  of  the  fnmef  when  tiia  dock  ia 
set  in  motion. 

"A  piece  of  prnprrlv  jtrejiared  photographic  paper  is  now  placed 
between  the  two  plates  oi  gia*:i  in  the  moveable  Iranie ;  the  frame 
ia  remOTed  (in  a  box  made  purposely  for  exduding  light),  and  is 
suspended  in  the  iong  case ;  this  is  closed,  so  as  to  prevent  the  possi- 
bility of  extraneous  light  entering  with  it;  the  elock  is  started*  and 
the  time  of  starting  is  noted. 

"All  tliat  part  of  tlie  pajier  which  is  made  to  pass  over  the  aia  in 
the  screen,  Liy  the  motion  of  the  clock,  becomes  now  therei'ure  buc- 
cesstTely  exposed  to  a  strong  light,  and  is  conseoiiently  brought  into 
n  state  which  fits  it  to  receive  a  dark  colour  on  oeing  again  washed 
with  the  usual  solution,  excepting  those  small  portions  upon  which 
dark  images  of  tlie  lower  parts  of  the  pendulnm*j  ef  the  electrometer 
are  projected  through  the  slit.  These  small  ixjilions  of  course  re- 
tain the  light  colour  of  the  paper;  and  irum  the  long  curved  lines 
or  bands^  whose  distances  fonn  each  oCliert  at  any  given  part  of  the  ' 
photograph,  i.  e.  at  any  given  time  indicate  the  electric  tenaion  of 
the  atmosphere  at  that  time. 

"  Hv  certain  additions  to  the  instrument  above  described,  the  kind 
as  well  as  ti>e  tetisiou  of  electrical  charge  is  eapaiile  of  being  re- 
giiitered;  and  by  the  employment  ako  of  a  horizontal  ihermoiueter, 
Jtc,  it  is  adapted  to  the  purposes  of  a  THntnjwgraph^  as  well  as 
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[Continued  frum  toL  xxix.  p.  66.] 

Febniary  1846. — The  Mathematical  Thpon'  of  the  two  great  So» 
Ikary  Waves  of  the  first  Urder.    By  S.  Karushaw,  M.A. 

The  Domenclattire  oi  this  paper  m  adopted  from  a  Report  on 
Wwrw  by  Ifr.  J.  8.  lUttMll,  printed  In  the  Froeeedi«gi  of  flie 
BrilNlk  Aaociitum.  Aom  fbit  extreme  or  tin 

eqtMttioDs  ol  fluid  iiiotioii»  the  entiior  inliers  a  neoenity  of  appealing 
to  oxptrimcnt?  for  the  purire«t!on  of  data  which  may  be  u»ed  in  mo- 
difyint;  tlio  c;i  IK  rality  ot  those  equations  so  aa  to  suit  actual  cases  of 
known  huid  motion.  With  this  view  he  has  made  use  of  the  expe- 
liMale  teeofded  in  Mr.  Kmedl'i  report,  and  tiienoe  adectod  the  two 
laDowiikg  propertka -lit.  The  velocity  of  trannmatton  of  a  ware  in 
a  uniform  canal  is  constant.  2nd.  The  horixontal  velocity  is  the  same 
for  all  particles  situated  in  a  vertical  plane,  cutting  the  nxis  of  the 
canal  at  ri^ht  angles.  By  reference  to  Mr.  Russell's  report,  it  will 
be  seen  that  these  two  properties^  selected  on  account  of  their  sim- 
plicity and  ready  experunental  etanunatUm,  are  dtotingniahing  c]i»» 
laderistics  of  what  he  has  denominated  the  two  great  solitary  wavea 
of  the  first  order.  By  the  aid  of  them  the  equations  of  motion  take 
such  modified  forms  as  to  admit  of  exact  integration;  so  that 
without  employing  any  analytical  approximations  the  author  is  en- 
idjled  to  obtain  theoretical  expressions  for  all  the  circumstances  of 
Hie  two  acfitery  wavea.  Hie  resolta  are  tested  by  a  oompariaon  of 
the  niodtica  cv  ftfanamiawoo  of  variona  waves  given  by  &eory  and 
by  experiment.  The  greatest  difference  of  these  in  the  case  of  the 
positive  wave  is  not  found  to  excet'd  ^'  th  part  r>f  the  whole  velocity ; 
hut  in  the  case  of  tlir  lu  u^utive  wave  it  is  found  to  be  much  greater, 
and  to  amount  in  one  instance  to  as  much  as  ^th  ot  the  whole  velo- 
city. The  reason  of  this  discrepancy  is  conjeetnred ;  and  the  agree* 
nent  in  the  case  of  die  pontive  wave  is  considered  to  be  exact. 

It  is  found  in  the  course  of  the  investigation  that  one  of  the  ne- 
cessary conditions  of  fluid  motion  is  not  satisfied ;  and  it  is  shown 
that  it  cannot  be  satisfied  as  long  as  the  two  principles,  adopted  from 
Mr.  Russell's  report,  are  supposed  to  cuexiet.  They  are  proved  in 
fiwt  to  be  incompatible  with  each  other.  Bet  as  the  second  prin- 
ciple was  found  by  Mr.  Russell  to  be  so  neaify  exact  that  he  could 
not  detect  any  deviation  from  it  in  his  experiments,  it  is  shown  by 
theor}'  that  from  this  circumstance  there  will  be  a  rapid  degradation 
of  the  J^ummit  of  the  wave,  and  a  consequent  loss  of  the  velocity  of 
its  transmission,  both  wiiich  results  of  theory  were  observed  to  be 
trtte  experimentally.  The  memoir  oondndes  with  pointing  out  the 
agreement  of  theory  with  some  minor  phaenumenanotieed  by  Russell. 

May  *25,  1846. — Cases  of  Morhid  Rhythmical  Movements,  with 
observations.  By  G.  E.  Faij;  t.  M.D.,  Fellow  of  Caius  College  and 
of  the  Royal  College  of  Physicians,  London. 

Seven  casa  were  related.  Tht  movement  were  vibratory*  rota- 
tory, bomg»  Ae«  la  aoose  of  tiie  cases  they  were  ioeessant;  itt 
ethHi  puoxymal »  and  in  oUma  e0io^  ^^^^  wne  of  both  Idndit 
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the  predominant  mOTOnent  being  replaced  at  intervals  by  dittiAct 

paroxysm!*. 

On  a  couiparison  of  theae  cases  with  tiie  few  others  on  record, 
and  witii  the  experiments  of  Flourens  and  Majendte,  it  was  InJoned 
as  probable,  tiiat  one  eiass  of  tiia  movements*  viz.  the  rotatory.  de« 
ponded  on  disorder  in  the  cerebdlnm  or  its  transverse  eommissure. 
the  pons.  With  regnrd  to  the  other  movement",  it  appenrrd  that 
there  were  no  suthcient  grounds  for  even  a  probable  conjecture  aa 
to  the  particuUr  part  of  the  encephalon,  the  excitement  or  diairdcr 
of  which  might  act  as  an  Immediate  canse  of  the  movements. 

The  rmoa  eaosea  were  aoeb  as  under  other  eufenmatsnees  are 
known  to  excite  tim  common  camvuMve  diseases^  snohaschomaBd 
epilepsy.  These  remote  causes  were  in  most  cases  seaaine. 


BOYAL  ASiTRONOMlCAL  bOClETY. 

[Continued  from  vol.  xxix.  p.  232.1 

Nov.  13,  1846. — An  Explanation  of  tlie  observed  Irrcj^ularities 
in  the  Motion  of  Uranus,  on  the  Hypothesis  of  Disturbance  caused 
by  a  more  distant  Planet ;  with  a  Determination  of  tlie  Msss^  Orbit» 
and  Po!<Itiou  of  the  distuibing  body.  By  J.  C.  Adams,  Esq.,  M.A., 
F.H.A.S..  Fellow  of  St.  John's  College,  Cambridge*. 

The  author  introduces  tlie  subject  by  remarking,  that  when  Bou- 
Vard  constructed  his  Tables  of  Uranus  (those  now  commonly  in  use), 
he  fonnd  it  impossible  to  reconcile  the  ancient  observations,  made 
before  the  discovery  of  Uranus  as  a  planet,  with  the  modem  obser- 
Tations,  and  that  dierefore  in  the  formation  of  his  tables  he  relied 
solely  upon  the  latter  ;  but  that  in  a  very  few  years  the  still  more 
modern  observations  exhibited  a  departure  from  the  tables  nearly  as 
great  m  the  ancient  ones,  and  therefore  there  seemed  now  to  be  no 
sufficient  reason  for  rejecting  the  ancient  observations.  The  author 
then  states  that  his  attention  was  first  directed  to  this  sulject  by 
reading  the  report  on  the  recent  progress  of  astronomy  made  to  the 
British  Association  at  their  meeting  in  Oxford ;  ana  that  in  July 
1841  he  formed  a  design  of  investigatinir  the  yet  unaccounted-for 
motions  of  Uranus,  in  order  to  discover  whetlier  they  could  be  ex- 
plauied  by  an  exterior  disturbing  planet.  In  1843  he  made  a  first 
attempt,  supposing  the  orbit  of  the  disturbingplanet  to  be  a  drde, 
and  its  mean  distance  twice  that  of  Uranus,  lliis  Inveetlgation  was 
founded  exclusively  on  the  modem  observations,  using,  as  far  as  1 82 1 , 
the  errors  given  in  the  equations  of  condition  in  Bouvard's  tables, 
and  for  subsequent  years  the  errors  given  in  the  Astrouomi^che 
Naekriekimh  and  the  Cambridge  and  Greenwich  Observations.  The 
result  showed  a  good  general  agreement  of  the  observed  diatorbanoe 
with  the  disturbance  which  would  be  produced  by  the  action  f  -udi 
a  planet.  In  Februaiy  i844«  the  author  received  from  the  Astro- 

•  This  paper  was  preientad  to  the  Socie^Cttthe  evenii^  of  Nov.  13, 
1S4G.  it  hat  ftincc  been  publiiilied  entire  as  SK  ostract  ficn  the  Appeadia 

to  the  iHsuiical  Aiuumac  for  IM, 
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nomer  Royal  the  results  of  the  general  redaction  of  the  Gveenmch 
Planetary  Obtervationa. 

In  the  meantime  the  Gottingen  Academy  had  proposed  for  the 
subject  of  a  pn7c  the  theory  '-f  Urnnti«,  nnt]  thnnf^li  the  author  had 
no  hope  of  being  able  to  comj)icte  an  essay  in  time  to  compete  for 
the  prize,  he  was  stimulated  by  the  publication  of  tiiis  proposal  again 
to  enter  on  the  investigation.  He  now  took  into  aeeonnt  tiie  poa- 
aible  eccentricity  of  tbe  diatnibing  phinet  to  the  fifit  order,  retaining 
the  tame  assumptiaii  fm  mean  £atance.  For  the  modem  observa- 
tions, the  tabriljir  errors  a«  far  n«  "were  exclusively  those 
of  the  Greenwich  Observations,  except  one  by  Bcssel  in  1823  ;  after 
1830  the  Cambridge  and  Greenwich  determinations  and  those  in 
the  A»ir&MmiMeh»  N^tekHehtm  were  need.  Thoae  for  the  obaer- 
Tatiooa  anterior  to  the  diacovery  of  the  planet  were  taken  from 
Bouvard. 

Results  for  thr  elpmentf  of  the  disturbing'  planet  were  obtained, 
which  were  communicated  in  September  1845  to  Prof.  Challif,  and 
in  October  1845  (slightly  altered)  to  the  Astronomer  Royal.  After- 
warda  the  inveatigation  waa  repeated,  supposing  the  mean  diatsnoe 
diminiahed  by  abont  part.  The  reaults  were  communicated  to 
the  Aatronomer  Hoyu  in  September  1 84  G .  They  seemed  to  ahow  that 
the  me!\n  distnnre  ono^ht  to  be  still  further  diminished. 

The  nudior,  after  adverting^  to  the  dates  of  M.  Le  Verrier's  papers, 
and  showing  tiiat  his  own  calculations  were  earlier  in  date,  says,  "  I 
mention  these  datea  merely  to  ahow  llmt  my  resulta  were  arrived  at 
independently  and  previously  to  the  publication  of  M.  Le  Verrier, 
and  not  with  the  intention  of  interfering  with  his  just  claims  to  the 
honours  of  the  discovery ;  for  there  is  no  doubt  that  his  researches 
were  first  published  to  the  world,  and  led  to  the  actual  discovery  of 
the  planet  by  Dr.  Galle,  bu  that  the  facts  stated  above  cannot  de- 
tract, in  the  slightest  degree,  from  the  credit  due  to  M*  Le  Verrier. 

The  inTeatigations  proceeded  as  followa  t— 'I1rat»  to  diminish  the 
number  of  equatbns,  the  reanlta  were  eoUeeted  in  groups  of  three 
yofir'*  each  ;  and  these  were  so  arranged  to  present  results  nearly 
indepcmlent  of  the  error  of  radius  vector,  Tlius  twenty-one  equatioiisi 
wcru  ubuuncd ;  and  these,  without  extension  lur  tiie  two  or  three 

lail  years  (which  miriit  subaequaitly  hm  been  induded,  but  which 

would  have  disturbed  the  similarity  of  the  calculations)  were  also 
used  in  the  subsequent  calculations  for  a  different  assumed  mean  di- 
stance. Then  all  the  principal  inequalities  in  the  recot^ised  theory 
of  Uranua  were  verified,  and  correction.-  (ui-  an  ernir  jajiiUetl  out  by 
BcbSi;!,  and  fur  tlic  altered  lua^^  ut  Jupiter,  were  upphcd,  as  well  as 
for  some  terms  of  the  second  order  of  masses  pointed  out  by  Hansen, 
Other  inequalities  of  higher  orders  were  neglected ;  as  their  effects 
may  be  represented,  either  by  a  very  slow  alteration  of  the  epoch 
and  mean  motion,  or  by  n  very  slow  alteration  of  the  perihelion  and 
eccentricity  ;  both  which  may,  without  sensible  error,  be  assumed 
as  coubtaut,  during  the  comj>aratively  short  period  tliruugli  wliicli 
Uranua  has  been  obsenred.  The  author  then  gi\  es  a  table  of  the 
differences  between  the  theoretical  longitodes  (tiiua  corrected}i  and 
the  obeenred  longitndea :  the  maiimum  values  are  as  foUowa 
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In  1712       +&5-7  In  1804  +24-2 

1750      — 1840  —66-6 

These  are  then  converted  into  corresponding  errors  of  mean  longU 
tude,  which  the  author  finds  more  convenient. 
Theii,lcnniiii]«  m  investigated  for  the  effiecto  of  snuJl  oomctkBt 

of  die  donenU  of  the  orbit  of  Uranus,  and  for  the  perturhetuNie  of 

neaii  Icmgitude  produced  by  a  disturbing  planet,  expressed  in  the 
notation  of  Pont^coulant.  These  arc  expanded  as  far  as  the  second 
order  of  eccentricities  (involvin?  only  the  first  power  of  the  eccen- 
tricity of  the  unknown  planet),  and  tiie  whole  is  reduced  to  numbers, 
with  no  eynbcds  ramaining,  except  for  fanetiom  of  Hie  oomctioiis 
of  tiie  dementi  of  Uiums.  and  fiincti<»i8  of  the  epoch,  longitude  of 
perihelion,  eccentricity  end  mass,  of  the  dief  ibing  planet.  All  the 
numerical  quantities  arc  computed  on  the  supposition  that  the  mean 
difelanc  e  is  double  that  of  Uranus.  Any  one  of  these  expression!*, 
adapted  to  a  certain  time,  being  made  equal  to  the  error  in  the  ta- 
bular place  of  Uranus  for  the  same  time,  fonuahes  an  equation  of 
conditiffH  r 

Thf»e  equations  of  condition  are  treated  by  the  method  of  leaat 

squares ;  and  the  successive  steps  of  elimination  are  given.  The 
author  consider?  that  the  modem  observations  are  scarcely  sufiicient 
to  give  the  eccenti  icitv  and  lon^tude  of  perihelion  of  the  disturbing 
planet ;  but  when  the  ancient  observations  (always  omitting  that  of 
1690  as  nnoettain)  are  oombined,  there  an  ample  means  for -deter* 
mining  these  dements.  The  eqnations,  after  the  diwination  had 
proceeded  to  a  certain  degree,  were  solved  hf  sncceasiv'e  snbstitn- 
ttoo.  The  results  thus  obtained  wer&— 

HypoCheibL 

Assumed  mean  distance  =  S  X  that  of  Uranus. 


Mean  longitude.  October  6,  1846    ^25°  7' 

Longitude  of  perihelion   ^7 

BceeatricityoftheoiUt  .................  .....  9*16108 

UassCthstofthemabdagl)   6«06616S6 


trhich  were  commnnicated  to  the  Astronomer  Royal  in  October  1845. 

The  author  then  states  that  he  made  a  second  investigation,  on 
the  supposition  that  the  mean  distance  of  the  disturbing  planet 

B  mean  distance  of  UmraBXjr-JrT-        prooeaa,  with  little 

0*515 

difference,  is  the  same  as  that  for  the  former  assumption  of  mean  di- 
atance.  The  farmnln,  the  equations,  &e.,  are  given  in  the  same  man* 
ner  as  before.  Tlie  dements  obtauied  Aiis  axe  as  fidbwa : — 

Hypothesis  IL 
Assumed  mean  distance  ==  l'94St  X  Ast  of  Uranus. 


Mean  longitude,  October  6^  1846.... ..............  323°  2' 

Lonoitude  of  perihelion   299  11 

Ecceuiricity  of  the  urbtt   0*12  0615 

BfsM  (that  of  the  tun  being  I)   OiWOlSOOS 


The  corrections  to  the  dements  of  the  othit  of  Uianns  are  inm* 
tigated  00  both  byyotiieaca.  Tbenonaobstitaliie^  the  effivtsof  liiB 
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correcdons  and  the  effects  of  the  pertorhatioiis*  the  residual  enoniie 
obtained,  of  vliieh  the  ioUowiog  are  the  maiimmn  vi^aei:— * 


1712 

+  *7 

4-  1*3 

1715 

—  6-6 

1753 

+  6-7 

1764 

—  61 

-  4*1 

1771 

+11-8 

•flf-8  Single 

After  this  time,  to  the  jear  1S40»  the  largest  error  is  2''-35. 
After  1840,  tiie  enora  tncieaee  on  bothhypotheNS.  They  avei— 

Bypott*  It  H]!|Nia*  II* 

1843  +  J-ll  +  V77 

1844  +  8-79  +  706 

1845  +1»40  -KIO-18 

It  appears  from  thie  eMiemdy  probable  that  Hie  mean  distance  of 
tbe  (fiatorbiiig  planet  ought  to  be  aaaomed  neariy  s  mean  distanee 

ofUiannax-JL.* 

0-.>74 

The  raidaal  em>rs  for  the  liogle  olraervation  of  1690  are,— 

Hrpoth.  I.  Hypoth.  II. 

+44"-6  -f60"-0 

It  seeiut^  pi  ohable  Lhai  these  errors  would  be  increased  by  still  further 
diminishing  the  mean  distance. 

BatpveeMOiia  aie  then  investigated  far  the  oonectioii  of  ladina  veetov 
produced  by  the  coneetion  of  elliptic  elements,  and  by  the  efiecta  of 
pertmbation.  The  nnmerical  vainee  aie  aa  foUowi 

Hjrpath.  1.  Hv|  >th  11. 

1834  +000505  -f  0-00492 

1840  +  0-0072^  +0-00696 

1848  +0'0Q868  +0*80885 

The  author  states  that  no  satisfactory  results  could  be  found  tor 
the  node  and  mdunlioii  cf  the  plaiief  a  orbit,  aa  dednoed  from  tbe 
InegQlaiitiea  in  tlie  latitade  of  Ufanna. 

The  author  then  ramaiks  that  the  perturbations  of  Satnm  pro* 

dnctvl  by  tbe  new  piftnct  will  be  undoubted^'  sensible ;  find  he  sug- 
gests tiiat  it  would  be  interest  lag  to  examine  anew  the  theory  of 
Saturn,  and  to  ascertain  whether  the  masses  of  Jupiter  and  Uranus 
deduced  £rom  it  are  consistent  with  those  obtained  by  other  methods. 
He  remaika  that  the  publiahed  reduetiona  of  the  Chraenwlcb  Obaer* 
Trtiona  now  make  audi  an  inquiry  eomparatifely  caay. 

December  14«  1846. — B^peariuict  of  A$tr«M» 

Bztmct  of  a  letter  from  Fraf.  Scbumaeher  to  Mr.  Hind,  dated 

Altona,  Nov.  27,  184G. 

"  M.  Otto  Struve  has  already  reobsenred  Astrsa,  wliich  appears 
brighter  than  he  expected  she  would. 
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]84d  Nor.  4    17  ^  49         Ida  bb  I^A         —5  14  i£7 
13    18    4  11  ld8  12  42-8         —4  47  41  6 

Th^  poaitioDS  are  free  from  parsdlax.    The  resulting  corrections 

1B4«  Nor.  4     — i  H  +i  A-S 

13     ~1  8^1  +•  «71- 

Mr.  Lassen  forwarded  a  more  complete  accoont  of  physical 
obserrntions  on      ^'^errier'8  planet,  wiUi  his  NtYtooitfl  nflsetor, 

2-feet  aperture,  mouulcd  cquatoreally: — 

Oct.  3.  He  received  an  impression  of  a  ring,  nut  much  open,  and 
nculy  •!  right  va^m  to  the  paraUsl  of  doily  motioi.  Spocalnm  A 
and  pkne  metallic  reflector. 

Oct.  10.  The  same  impression  of  a  ring  in  die  some  direction.  A 
minute  star  jnst  steadily  visible,  with  full  apertoro  of  LM  inches, 
powers  316  to  567,  distance  2~  to  3  diameters,  a  little  to  rh*  right, 
and  apjMreutly  below  the  hog  cuutiuued.  Speculum  ii  uud  Motz's 
prisni* 

Nov.  10.  Tlie  pbMlvBiylihe  Satani,  oo  teoft  tiilii  a  moII  tele, 
scope  and  low  po«er»  but  mach  ftmter.  Some  opocalom  and  prism 
as  before. 

Nov.  II.  The  planet  still  retains  its  appearance.  A  fnint  point 
of  ii^iit  considerably  dibtant,  iu  the  direction  of  the  ring  and  below 
it.   Speeohim  A  and  plaoe  reflector.- 

On  these  nights  several  per-^ons  saw  the  snppoaed  ring;  and  all  in 
the  same  direction,  as  shown  by  independent  diagrams. 

Nov.  30.  A  minute  star  above,  and  a  little  to  the  left  of  the  con- 
tinuation of  the  lingt  distance  2  diameters,  bpecuium  B  and  Merz's 
prism. 

Dee.  8.  Hie  aaae  tobtiTe  lypsoianee  exaedy  of  phnot  ondomall 

star  as  on  October  lOtli.  The  direction  of  the  ring  cstiauted  at 
about  70^  with  the  parallel  of  daily  motion,  'i  he  small  star  aboat 
9  diameters  distant  and  50^  N.  following.    Tele^rnpe  n«  before. 

Dec.  4.  No  minute  star  visible*  though  careiuiiy  looked  for.  Te- 
lescope as  before. 

Mr.  loMfll  says  that  tlM  ^oteli  of  lighC  wtm  on  Oet  1 0.  Nor. 
and  Dee.  3,  were,  oo     aa  be  omdd  jo^,  the  same  in  appearaneo 
and  hrightne??.    There  were  no  other  stars  in  tlu'  immediate  neig^h- 
ho!irhood.    Hence  he  conceives  the  probability  is  ia  iiavourof  the 
star  being  a  satellite. 

With  respect  to  the  ring.  Mr.  Laoscll  says  that  "  he  has  never 
looked  at  the  planet,  under  tolerable  ctrconstaneea,  withont  receiving 
the  ^une  Impression  of  its  riiileiicf  ;**  and  that  ao  iar  as  he  can 
judge,  the  direction  of  the  supposed  ring  makes  a  constant  angle 
w  i^h  t]ie  meridian»  and  not  with  the  horizon  ;  but  this  is  not  very 
certain. 

In  speildng  of  tiio  qoafity  of  liia  tdeaoope,  Mr.  TamrTI  says  that 
be  iadt  Men's  prism  givea  bin  more  light  tbia  a  plane  xeflecte« 
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and  with  no  loss  of  diitisctncis ;  md  that  he  has  succeeded  in  bring- 
ing the  foci  of  his  exterior  and  inner  surface  to  aj^ree  within  a  liun- 
dredtli  of  an  inch.  Tlie  tclcscojie  shows  seven  stars  in  anU  two  near 
the  trapezium  of  Orion,  and  so  far  approaches  to  resolving  the  ue- 
bnla,  that  it  shows  "  stars,  the  cmtRS  ol  sdndoos  douds,  scattered 
all  over  the  nebula." 

In  confirmation  of  Mr.  Lassell's  idea  that  there  is  a  ring  about  the 
new  planet,  Mr.  Hind  stated  that  the  South  Villa  telescope  shows  it 
oblnncr,  And  that  the  major  axis  makes  an  ao^e  of  about  30*^  with 
the  meridian. 

Redaction  of  T^eho  BnJie's  Obserrationa  of  the  Comet  of  1590, 
with  Elem«nts  dedmd  tiiereftDin.   By  Mr.  Hind. 

"  The  f^Hoet  of  1590  was  ficst  perceived  by  Tycho  Brahe  on  the 
evening  of  March  5,  while  he  was  employed  in  observing  the  planet 

Venus.  It  was  sitimted  near  the  Northti  u  Fish,  between  Aries  and 
Andiomeda.  'ihc  diameter  of  the  head  wua  three  minutes,  and  a 
fiunt  tail  was  visible,  extending  bom  7^  to  10^,and  directed  towards 
the  zenith  at  about  7^  30»  9.k. 

"  M.  Pingr^,  in  his  CmiHographi€»  tome  i.  p.  554,  has  given  a  scries 
of  observations  on  this  comet  made  by  Tycho,  and  extracted  from  a 
manuscript  preserved  at  the  D^p6t  de  la  Marine  in  Paris.  The 
observations  are  detailed  at  considerable  length  in  tliis  manuscript ; 
but  the  table  in  M.  Pingr^'s  work  is  an  abstract  made  by  Tycho 
himself,  and  I  have  used  it  as  the  basis  of  my  ealeolaticms.  For 
deducing  the  places  of  the  cooMt,  we  have  the  apparent  times  of 
observation  at  Uranibur^,  the  distances  from  Vnown  stars,  and  the 
declinations  for  the  same  times  as  these  distances :  also  in  most 
cases,  the  comet  h  altitude,  and  frequently  its  azimuth  from  the  south 
towards  the  west  I  have  calculated  the  positions  from  the  observed 
declinations  and  distances,  duly  corrected  far  parallax  and  refraction, 
making  use  of  the  altitudes  in  the  preUminary  computations  only. 
On  two  occasions  the  comet  was  observed  on  the  meridian  suh  polo  ; 
in  these  cases  I  hnvc  performed  the  reductions  in  the  usual  manner, 
applying  refraction  aiid  puraliax." 

Mr.  Hind  then  presents  tabukur  lesults  of  his  reductions  at  the 
following  stages ; — 

An  ephemeris  of  the  sun. 

A  catalogue  of  the  stars  of  comparison. 

An  apprn.i  iiuaff  ephemeris  of  the  Comet,  for  Computing  the  effects 
of  aberration  and  parallax. 

The  observed  distances  of  the  comet  from  the  stars  corrected  for 
refraction,  abenatioB  and  paralhx,  with  the  Uraniburg  mean  time, 

and  the  resulting  right  ascension  and  declination  of  comet. 

"  The  folIowlTvur  longitudes  and  latitudes  are  computed  from  a  mean 
of  cfich  day's  observations  of  rit'^ht  ascension  m\d  declination,  omit- 
ting, however,  the  third  result  lor  March  d,  and  the  first  for  March  7. 
Th^  are  referred  to  the  apparent  equinox  of  the  date  i 
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OoBMt's  {teoccnime 

Comet's  (^eocentrk 

March  d'3<»087 

18  16  25 

+  18  12  58 

(H9647 

t6  46  21 

19  <7  44 

7-38396 

33  21  14 

20  21  32 

83^61 

38  fvf;  11 

20  51  1 

4H  fi 

V  Ov 

£1  ^  28 

11*43862 

52  «  3 

tl  14  S3 

12-36629 

54  49  1 

21    9  26 

13-35634 

57  23  19 

21    5  22 

14-39625 

59  4U  14 

£0  58  14 

16*33600 

63  10  12 

+20  47  55 

After  a  great  many  trials  I  at  last  fiied  upon  a  pafabolie  oriiil» 
which  a|ipean  to  fepreaent  the  observatioiit  widi  as  mndi,  orneailj 

aa  much,  accuracy  as  they  admit.  It  would  be  manifestly  a  hope- 
less bn«Hicc«  to  attempt  nnv  determination  of  the  pnrticnliir  conic 
section  described  by  the  comet,  from  positions  exteiulinL:  over  so 
short  a  period,  and  at  the  same  time  so  rough.  Should  the  cumet 
reappear^  the  dbaerfctums  of  1690  wiU  be  in  a.  more  tangible  fcnn 
thaa  heretofiwe." 

Passage  through  Feniielion,  1590,  Feb.  8  0624,  Uranibm^  Mean  Timc^ 

New  Stylo. 

Lungitude  ol  i'eriht-lion  un  the  urbit  21]  57  12  \    App.  £<i. 

Ascending  Node    166  66  66/  Blaich  10. 

Inclination  to  the  K(  liptic  29  29  44 

Log.  distance  in  Perihelion   9*7^41386 

ileiiocentric  motion.  Retrograde. 

"Hiese  elements,  compared  with  the  above  lon^tudes  and  la- 
titudes, give  the  following  differences 

March  5   LmTt^se^hS^  76" 
6  +38  0 


7 

—  23 

+  160 

8 

—126 

+  91 

10 

+  75 

-346 

11 

+  29 

+  5 

19 

—  10 

+  106 

IS 

-  86 

+  0 

14 

+  8 

+  ^ 

16 

+  69 

—272 

"The  comet  of  1590  is  described  by  Martin  Mylius  in  his  ./<«/?  ^^rs- 
Gor licenses,  publislicd  as  paft  of  a  work  entitled  Scriptores  Rerum 
Lusaticorwan,  Lipsias  et  Budisso;,  1719,  in  folio.  It  was  aLs^o  the 
■abject  of  a  treatise  by  Matthias  Menios,  printed  in  1691.  Lu- 
bu&ietslci*  in  his  great  woifc  Tkeatrum  (kmHkimt  gim  us  a  chart 
showing  the  path  of  tiio  oomet  in  the  heavens :  he  qnotea  Rlodolns 
■ad  other  writers." 
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It  »  almost  unnecenary  to  aay  that  tha  reduetrans  have  been 
mnde  on  the  bett  existiag  data,  and  according  to  the  moat  approved 

inethodsi. 

Oil  Luminous  Rings  round  Shadows.  By  the  Hev.  Baden  Powell, 
Saviiiau  Pruluasur  of  Geometry,  Oxford. 

The  remarkable  optical  phseoomena  attending  total  solar  eclip&es, 
espedally  the  formatioa  off  a  luminous  ring  round  the  discs,  are  now 

on  the  whole  so  well  established,  that  speculation  have  been  ha- 
zarded as  to  their  cause  :  and  though  tliese  speculations  as  yet 
scarce!}'  amount  to  more  than  very  general  illustrations,  yet  as  ex- 
perimental  facts  have  been  elicited  wiiich  ticem  to  bear  a  reseoiblaace 
to  the  phsenomena  in  question,  they  desen'e  notice,  even  in  the  pre- 
sent uncertain  state  of  the  inquiry. 

The  author  disclaims  any  idea  of  bringing  forward  such  fiujts  as 
a  complete  explanation  ;  but  he  is  induced  to  offer  them  because  on? 
experiment  devised  by  him  long  since  was  thought  by  the  late  Mr. 
Baily  worthy  of  being  laid  before  the  bociety,  though  communicated 
to  itim  witiiuut  auy  such  iateutiou.  (Ast.  Soc.  xSoticcb,'  Murch  10, 
1843.) 

The  following  is  the  author's  historical  summary  of  the  observa- 
tions of  the  luminous  ring : — 

The  i)hrrnomenon  appears  to  have  l^een  observed  a?  early  as  the 
timi^  *'f  Plutarch,  as  a])pears  by  a  passage  from  him  cited  in  the 
Complcs  Hendu^,  1842,  i.  847.  la  more  modern  times,  probably  the 
earliest  recorded  instance  is  in  the  eclipse  of  1567  [tliis  is  clearly 
wrong  in  date  or  name]  observed  by  Kepler.  The  ring  was  observed 
at  Naples  in  1605  (Phil.  Trans,  vol.  xL  177) ;  and  from  the  year 
170(1  we  have  the  full  and  well-known  records  of  the  most  eminent 
astronomers  down  to  the  present  day,  which  establish  the  phaeno- 
menou  as  a  regular  part  of  the  appearance  of  a  total  eclipse.  The 
author  refers  to  instances  In  the  Mem.  Ast.  Soc.,  vol.L  p.  144,  and 
vol.  X.  p^  9-16,  37,  &c.,  and  to  the  Koikes  of  this  Sodety,  vol.  v. 
p.  207 ;  as  also  to  the  Comptei  RenAu  for  1842,  parts  1  toM  2.  He 
remarks  that  remarkable  dir^crepnncies  are  found  in  the  accounts  of 
tlie  same,  as  well  as  of  ditferent  ecHpses,  and  he  mentions  instances. 
Some  of  these  discrepancies  admit  of  easy  explanation.  In  the  tran* 
sit  of  Venus  in  1769  light  was  seen  surrounding  the  part  of  the  pla- 
net of  the  sun,  both  at  immersion  and  emersion ;  but  this  has  been 
ascribed  to  her  atmosphere.  (Ast  Soe.  Mem.  vol.  x.  p.  27.)  The 
Binp^ulBT protuberances  obscn'ed  in  the  eclipses  of  1733  and  1842  do 
not  seem  to  belong  to  the  ring  ;  and  it  «eem«  to  the  author  hardly  con- 
ceivable that  they  can  be  purely  optical  pho^nomena,  as  suggested 
by  M.  Valz  and  M.  Arago. 

Tlie  autiior  next  gives  an  account  of  the  attempts  of  different 
astronomers  to  assign  a  caitse  for  the  luminous  ring.  Kepler  con- 
sidered it  to  be  due  either  to  combustion  round  the  sun,  or  to  refrac- 
tion of  his  rays  by  the  moon'?  atmosphere.  Others  have  more  ge- 
nerally attributed  it  to  sume  j,ecaliar  effect  of  the  solar  atmosphere  ; 
and  some,  especially  Olbers,  expressly  attribute  it  to  the  zodiacal 
light.  De  rUe,  and  more  lately  Arago  and  Valz,  regard  it  altogether 
Phii.  Mag,  S.  S.  Vol.  SO.  No.  199.  Feb.  1847.  h 
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as  ft  phuomenon  of  dlffnetum.  Sefenl  instaaoei  are  tlien  gifen 
of  hinunont  rings  summadnig  teiTattrial  ofcjeete  seen  ia  ilndow,  m 

observed  by  different  philosophere. 

Exi)enmental  imitations  of  the  luminous  ring,  by  artificially  ccHp- 
aing  the  sun,  were  long  ago  made  by  De  I'lsle  and  Ln  Hiri  (iWm. 
Acad.  Paris,  1715.  p.  166),  and  such  an  intimatioa  is  also  spoken  of 
liy  Mr.  Baily  (Ast.  See.  Notices,  vol.  v.  p.  212). 

Among  the  experioMntB  doBoribed  by  Nowton  in  the  tUtd  book 
of  hb  Optics,  one,  vtrhich  is  wnplmtiwtlly  mentiooed  as  unfinished, 
seems  to  bear  closely  on  the  present  subject.  The  sun's  light  being 
admitted  through  a  bole  one  quarter  of  an  inch  in  diameter,  and 
partly  intercepted  hv  a  Ivnik -fdn:*^  fixed  along  one  "•icif  of  n  hole 
three  quarters  ul  au  inch  square  lu  a  i<creen,  and  fidiing  on  a  paper 
beyond,  Newtoa  mm  "two  «<rMM  of  faint  light  dioiot  out  both 
ways  from  tbo  beam  of  %ht  into  the  shadow  lakotfaetwla  of  oonct^ 
Again,  placing  his  eye  to  receive  the  light,  b«  saw  "•  U»9  rfUgkt 
npon  the  edge  (of  the  knife)  all  along  it.".  ..."  It  was  contiguous  to 
the  edge  and  narrower  than  the  innermost  fringe,"  and  "  between  the 
edge  and  the  first  frin^re."  Newton  thus  clearly  Uii^linguishes  be- 
tween thii»  pccuiiai  piiuiiiainenon  and  the  ordinary  effects  of  diiiiuc* 
tion. 

The  antiior  tlien  proc^^  to  detail  hia  experiments  made  fbr  the 

porpose  of  producing  the  lomtaoua  ring,  remarking  that  the  essential 

conditions  in  all  dif^Vnrtion  experiments  arc,  that  the  origin  of  the 
light  be  as  nearly  a  ponit  as  may  be,  and  that  the  area  of  the  rays 
diverging  from  it  extend  beyond  the  edge  of  the  opake  ditiracting 
body. 

He  (hide  that  with  apeitniea  up  to  a  quarter  of  an  inch  or  more, 

and  whether  the  area  of  the  rays  reach  beyond  the  edge  of  the 
c^pake  body,  or  lie  even  considerably  within  it,  a  smidl  circular  dise, 
seen  at  n  distance,  either  with  or  without  a  telescope,  is  ed^red  by  a 
bright  lujniiii>}{<^  ring,  which  cannot  be  seen  with  the  eye-lens,  and  is 
therefore  nvt  an  optical  image  like  the  ditiraction  fringes,  but  is  seen 
in  tiie  telescope  distinctly  when  hi  focus  for  tlie  opake  disc.  With 
a  straight  edge  the  same  ph«iomenon  is  observed  as  a  line  of  light 
nmiing  along  it.  It' the  origin  V  <  a  lens  of  short  focus  the  ringia 
seen  as  before,  but  less  perfectly  ;  while  the  diffraction  fringe?  are 
iccn  perfectly  with  the  eye-lens.  The  origin  being  a  hole,  the  ring 
is  vis^ihlc  under  dillerent  variatiouj*  ui  the  aren  f»f  the  rays,  but  ecascM 
to  be  visible  when  tlie  area  is  less  than  about,  a  quarter  of  the  disc. 
Changes  in  the  distance  ol  the  eye  from  the  disc  produce  very  little^ 
if  any,  change  in  the  breadth  of  the  ring. 

The  ring  was  examined  by  a  tdesccqpe  with  cross>wires  in  itv 
*  focus.    The  intersection  of  the  wires  was  fixed  on  the  edge  of  the 

disc  before  the  light  was  admitttni,  and  on  its  admission  the  nng 
extended  sensibly  beyond ;  on  its  being  then  fixed  on  the  edge  of 
the  ring,  the  edge  of  the  disc  fell  within  it  on  Cutting  out  the  Ught. 
"Die  experiment  was  repeated  in  various  ways  to  determine  tfie  in* 
fluence  of  reflexion  from  the  edge,  &c. 

When  the  area  ia  a  hole,  the  diae  being  within  thn  ncn  of  tht 
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rays,  if  the  sluidow  of  the  diee  be  eiamined  by  an  eye-lens  of  two 
inebet*  Ibcus*  there  appear  at  all  points  of  the  cueumlereiice  streaks 
of  yellowish  light  raidiating  into  the  shadow,  and  crossing  at  tho 

centre  they  form  there  a  round  brig-fit  ^]u)t  but  the  streuka  nrc 
supposed  to  he  chioflv  due  to  irreguhintics  m  the  edge.  An  nnnln- 
gous  phaenomcnDn  is  seeu  when  a  stnught  edge  is  used.  A  incxi lo- 
cation of  the  same  phsenomenon  is  observed  in  the  case  described  by 
the  author  to  the  Aritish  Association,  at  the  meeting  in  1846. 

The  eiperinients  above  were  nil  made  by  means  of  the  snn's  light. 
There  are  well-known  difiicultics  in  jicrforining  any  diffraction  ex- 
periments by  candle-light ;  but  the  author  succeeded  in  exhibiting' 
tlie  ring  by  means  of  the  light  of  a  Hume  placed  in  the  focus  of  a 
short  lens  limited  by  a  circular  aperture.  When  the  shadow  is 
thrown  on  a  white  screen  at  about  one  foot  distance  firom  the  disc, 
the  middle  of  the  shadow  appears  faintly  illuminated  ;  but  no  streaks, 
as  in  the  case  of  solar  light,  could  be  detected,  nor  is  the  faint  illu- 
mination perceptible  to  the  eye  viewing  the  disc  directly.  'Ilic 
author  in  conclusion  makes  mention  of  the  theory  of  M.  Ba))inet, 
which  attempts  to  explain  the  phcenomenon  ou  the  undulatory  hy- 
pothesis on  this  principle,  that  "  at  points  exterior  to  the  area  of  (be 
rays  there  is  no  light,  owing  to  the  natural  destruction  of  the  secon« 
dary  waves.  If,  Uien,  of  the  two  rays  proceeding  to  any  such  point 
to  destroy  er^^h  other  we  intercept  one  by  an  obstacle,  the  other  re- 
main«,  and  gives  rise  to  a  point  of  light  at  that  pohit  ;  that  is,  ju5t 
beyond  the  obstacle,  a  series  of  luminous  points  thus  created  by  the 
lemoval  of  interfering  ruys  will  give  rise  to  the  luminons  borders 
on  the  edge.'*  (Now.  Bulletin  des  Sckne€9,  Nov.  188*2.  Quetdet. 
A]^ndix  to  Trandation  of  Herschel  on  Light.) 
_  Tlie  author,  in  conclusion,  remarks  that,  imperfect  as  tlie  whole 
investigation  confessedly  is,  it  is  by  thus  making  the  facts  known 
that  we  may  most  reasonably  hope  to  elicit  gome  better  clucida- 
turn  of  them. 


XXV IL  IntdUgenee  and  MitedUtnecm  Ariieks. 

ON  NEWTON's  TELESCOIM    AT  THE  ROYAL  SOC  II  IV. 

To  the  Editors  of  the  F/uioso^hical  Magazine  and  Jouniai. 

Royal  Society,  Somerset  House, 
Gentlkmkn,  Jan.  22,  1847. 

MY  attention  has  been  directed  to  a  communication  by  Mr. 
Heineken,  in  the  last  Number  of  the  Philosophtoal  Magasine» 
wherein  he  states,  in  allusion  to  the  destruction  of  mechanical  and 
other  Instruments,  "Two  lamentable  examples  of  this  arc,  I  learn 
from  !i  juiptT  in  the  MaL'^azine  of  Scicnre,  exhibited  even  at  the 
Kuyal  {Society,  where  the  reflectors  of  Newton  and  Hadlcy  are  in 
a  state  of  complete  dih^chition." 

To  this  statement  I  bog  to  give  an  unqualified  oontrBdiction.  The 
reflectors  are  in  exceDent  pfesenationt  and  Sir  Isaac  Newton's 
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tdeioope,  whidi  is  pmenwd  under  a  glaw  ene  with  the  greatMt 
eaie,  is  (considering  its  great  age)  in  almost  perfect  condition.  It 

is  much  to  be  regretted  tliiit  individuals  do  not,  before  repeating 
unfounded  statements,  make  inqinrics  ns  to  their  accuncy,  which 
could  easily  have  been  done  iu  this  instance. 

I  am.  Gentlemen, 

Your  obedient  Servant, 

CHABUi  Richard  Wku»» 

A§8itUmi  Seerefaty* 


THE  CENTRAL  SUN. 

Professor  Madler  of  Dorpat,  lias  published  a  pamphlet,  in 
vhich  he  announces  his  belief  that  the  centre  of  the  great  nebula 
in  which  our  system  lies,  or  of  the  cuagenes  of  stars  which  form  tlic 
Milky  Way,  is  in  the  Pleiades ;  and  that  the  star  Alcyone  is  more  likely 
Hian  any  otfier  to  merit  the  title  of  die  Central  Sun*  This  question 
IB  not  lilce  that  of  an  asserted  planet — one  which  can  soon  be  settled 
in  the  affirmative.  If  within  the  next  half- century  opinion  on  the 
subject  should  have  arrived  at  something  like  either  positive  recep- 
tion or  pos^itivc  If  jt  ction,  it  i«  ])erhnp8  as  much  m*  can  now  be  ex- 
pected. Meanwhile  the  pampiilet  is  before  us  (Die  CetUral  Sonne, 
X^eipzig,  1847).  and  its  leading  points  are.  shortly,  as  follows 

The  observations  of  astronomers  have  made  it  highly  probable, 
and  Professor  Miidler  considers  it  as  an  established  fact,  that  New- 
ton's law  of  [rrnvitation  reigns  throughout  the  sidereal  space  and 

Soverns  Hie  movements  of  all  stars  ;  which  he  thinks  chiefly  proved 
y  the  nature  of  the  orbits  of  binary  systems. 
Setting  out  from  this  fundamental  principle,  he  shows  that,  what- 
ever may  be  the  form  of  a  aystem  of  fixed  stars,  the  proper  move- 
ments of  the  individual  bodies  must  be  accelerated  as  the  distance 
from  the  central  point  increasrff,  r\m\  that  all  the  times  of  revolution 
of  the«?e  different  bodies  around  their  common  centre  are  nenrly 
equal,  as  long  as  the  mass  in  the  centre  of  attraction  has  not  too 
considerable  a  predominance  over  all  the  other  masses. 

By  a  very  extensive  and  laborious  set  of  obaervations  and  com- 
parisons, the  Professor  found  that  the  group  of  the  Pleiades  forms 
the  only  point  in  the  heavens  to  which  the  preceding  conclui^ion  is 
applicable  ;  that  really  the  velocity  of  the  true  proper  movements  of 
the  fijted  stars  increases  insensibly  from  this  group  in  all  directions  ; 
and  that,  moreover,  most  of  them  are  moving  in  the  same  sense. 

He  therefore  assigns  the  Pleiades  as  the  eentral  group  of  that 
atellar  system  which  is  terminated  by  the  Milky  Way  (to  which  our 
own  and  all  the  isolated  suns  belong),  and  the  star  Alcyone  as  that 
body  which,  most  probably,  is  the  proper  central  sun  of  this  sy^teIn. 

From  the  proper  movement  and  parallax  of  Gl  Cygnl  (taking  the 
latter  =  0  '  ii48ii),  he  uttcuipts  to  deduce  the  distance  of  Alcyone 
from  our  sun,  and  obtains  the  following  approximate  results ; — 

The  parallax  of  Alcyone  =  O^  OOGOQ?,  or  the  distance  from  the  sun 
34  millions  of  radii  of  the  earth's  orbit.  . 
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Hie  sun  aceomplishes  one  entire  revolution  around  this  star  in 
18.200,000  years,  and  moves  in  Its  orbit  at  the  rate  of  86*8  English 
miles  per  second . 

The  sum  of  all  the  mnsscs  contained  within  a  globe  described 
around  Alcyone  with  the  radius  vector  of  the  solar  system  amounts 
to  117,400,000  times  the  mass  of  the  sun. 

The  aseendiiig  node  of  the  sun's  orbit  is  situated  in  long.  236^  58' 
of  the  ediptic  of  1840;  and  the  sun  viiXL  pass  through  this  point 
about  the  year  154.500  of  our  chronology. 

The  inclination  of  the  sun's  orbit  to  the  ecliptic  of  1840  is  84°  0'. 

Regarding  the  constitution  of  this  immense  system,  JProfessor 
Madler  has  come  to  the  followinc^  conclusions  : — 

The  centre  is  marked  by  a  groujj  consisting  of  a  great  number  of 
Stars  and  considerable  individual  masses.  Around  this  stretches  a 
narrow  zone,  comparativdy  devoid  of  stars.  Then  follows  a  broad 
and  rich  ring-shaped  layer,  then  another  intermediate  zone  compa- 
ratively poor,  and  on,  a  succession  of  a  still  unknown  nnmbpr  of 
rings,  the  two  utmost  of  which  form  the  iMilky  Way.  '1  liese  rings 
are  connected  in  several  places  with  each  other  by  intermediate  parts, 
like  bridges ;  and  the  rings  themselves  are  not  everywhere  of  the 
same  density,  but  show  now  and  then  something  approaching  to  the 
formation  of  groups.  In  general,  however,  they  consist  only  of 
isolated,  single  oi* double  stars. 

In  the  course  of  his  investifj^ations,  the  learned  Professor  p niiits 
out  the  importance  of  studying  more  closely  the  proper  movements 
of  the  fixed  stars ;  and  recommends  chi^y  those  in  the  neichhour- 
hood  of  the  Pleiades  to  the  attention  of  astronomers.— ^^Imcvm, 
Jan.  9,  1847. 


on  THE  7ERMENTATION  OF  TARTARIC  ACID  AND  ITS  PRODUCTS. 
BUTYftO-ACETIC  ACID,    BY  M.  NICKLES. 

In  preparing  tartaric  add  from  crude  tartar,  it  often  happens, 
during  the  hrat  of  summer,  that  the  tartrate  of  lime  still  containing 
some  ft  ruientable  matters,  suddenly  begins  to  ferment,  and  is  con- 
verted, m  a  short  time,  into  an  acid  which  ^las  long  been  taken  for 
acetieaeid. 

On  the  occurrence  of  this  fermentation,  M.  Noellner  saturated  the 
product  with  oxide  of  lead,  and  obtained  fine  octahedral  crystals,  on 

attentively  examining  which,  he  considered  them  as  the  salt  of  a 
peculiar  Hcid  different  from  acetic  acid,  and  to  which  he  gave  the 
name  ot  pseudo-acetic  acid.  An  ex]jc niiicnt  performed  with  crude 
tartar,  wnhout  the  addition  of  lime,  yielded  merely  acetic  acid. 

M.  Berzelius,  In  his  Annual  Report  for  1843,  p.  132,  considers  this 
acid  as  a  mixture  of  acetic  and  butyric  acids.  M.  Noellner,  however, 
had  obtained  n  salt  of  lead  crystallizing  in  octahedrons,  a  salt  of  soda 
also  octahedral,  and  a  mnmmjllnted  magnesian  salt,  none  of  which 
forms  occur  in  the  correspon<iiiiL'^  ^alts  of  acetic  and  butyric  acids. 

To  dear  up  the  point,  M.  Nici».ics  saturated  eight  pounds  of  crude 
taitar  with  lime ;  the  filtered  liquor  was  hoM  with  gypsum ;  the 
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tvtnfee  of  lime  prodnoed  bj  the  Mcond  reatotioii  was  added  to  that 
obtained  by  the  firat^  vitli  eU  llw  orgeoio  Mbetaaeee,  and  exposed  to 

a  fine  summer  eun  at  a  temperature  of  95**  to  104°  F.  and  113°  F. 
The  dlsengtiE^emcnt  of  g'as  took  place  very  slowly,  and  It  required 
six  weeks  tu  produce  a  smull  quunti^  of  a  Sttbfttaooe  pQiilllsifi|(  idl 
the  properties  about  to  be  described. 

It  appears  from  the  experimeots  of  M.  Nickl^,  that  chauges  ef- 
HMted  in  taitarie  acid  by  fementitioii.  may  take  place  in  thvaa  VMta ; 
if  tiiii  acid  be  free  or  combmed  with  potash,  it  is  converted  iato  aMlie 
and  Mrbonie  aetda ;  if  the  potash  be  replaced  with  lime,  the  tartaric 
acid  yields  carbonic  acid,  acetic  acid  and  butyric  acid  (pseudo-rrcrtic 
acid);  and  lastly,  under  circumstances  which  as  yet  are  undeterniiiied, 
the  tartaric  acid  is  converted  iuto  carbonic  acid,  acetic  acid,  imd  a 
new  acid  which  M.  Nickl^  calls  buiyrv-acetic  acitk  it  containing  tho 
deneDta  both  of  bntyrie  and  aoetie  acida»  and  theae  aeida  ooawr 
among  the  products  of  its  decomposition. 

On  determining  the  silver  of  a  salt  which  M.  Noellner  had  sent 
to  M.  Nicklfes,  the  latter  obtained  the  same  result  n«  tlie  former ; 
when,  however,  the  acid  was  set  free  by  the  decom]josition  of  the 
nixll  ut  lead  with  sulphuric  acid,  then  saturated  with  carbonate  of 
ammonia  and  precipitated  by  nitnita  of  Mlver  at  a  boiling  baa^  M. 
Nioldte  obtained*  at  fint,  iineoryatals  of  aeetateai  and  Iben  frm  tbo 
leatdnal  solution,  magnificent  dendritical  crystals  of  butyrate  of 
silver.  The  ''cpfiration  of  the  two  acids  may  also  be  efi'crted  by 
chloride  ot  cidciurn  ;  this  salt  dissolves  the  acetic  acid  only,  whereas 
the  butyric  acid  collects  it  in  an  oily  form  on  the  surface  ;  M.  Nicklds 
states  seversd  new  facts  as  to  the  mode  in  which  a  mixture  of  acetic 
and  buf^c  add  acta.  Thus  botyric  acid  does  not  predpitaln  acatato 
of  lead  if  mixed  with  a  small  quantity  of  acetic  add.  The  inHnenee  of 
the  latt^  extends  yet  further ;  if  a  mixture  of  butyric  and  aeetie 
acids  be  saturated  with  oxide  of  lead,  and  excess  of  ammonia  be 
added,  email  rose-coloured  acicular  surbasic  crystals  of  butyrate  of 
lead  are  formed,  which  owing  to  a  small  quantity  of  interposed  ace- 
tate are  soluble  in  water.  This  surbasic  salt  absorbs  oaAonio  noid 
gapidly  lirom  the  air.  A  mixture  of  aoetata  and  bntjiafea  of  barsplsa 
Is  capable  of  dissolving  a  lafge  quantity  of  cUoride  of  lead,  bat 
without  forming  any  definite  compound. 

Bn tyro- acetic  acid  possesics  properties  which  prevent  its  being 
coiisidered  as  a  mere  mixture  of  butvric  and  acetic  ncidp.  Tt  wfis 
obtained  by  the  decomposition  of  a  salt  of  lead  wiiicii  had  been  ex- 
posed to  die  air  moie  than  two  years ;  its  odour  resembles  that  of  a 
mixtnre  of  the  two  adds,  but  1^  pungent ;  it  is  scdnble  in  water,  al* 
cobol  and  aBther.  It  is  obtain^^  pure  by  decomposing  its  sdt  of  soda 
by  phosphoric  acid  :  it  then  ri^^cs  to  the  surface  of  the  liquid  in  the 
state  of  an  oily  stratum  ;  its  boilint^- point  is  nearly  284*^  F.  When 
heateil  with  Bulphuric  acid,  it  is  slightly  altered  with  the  erolution  of 
sulphurous  acid  gas. 

The  crude  acid  yields  a  liquid  whieh  produces  with  barytes  a 
prismatio  compound ;  it  is  very  soluble  in  water,  especiallj  ivhen 
hot,  and  but  aUghtiy  sduble  in  absolnte  alcohol ;  it  is  peiieetfy  psr* 
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Dument  in  the  air,  but  etill  yields  the  odour  of  rancid  butler*  Ex- 
posed to  a  current  of  dry  air  at  21 2*^,  this  salt  loses  3*25  per  cent,  of 
water;  at  Z^'}!^  it  fuses,  and  nprnin  lose?  2*80  per  rent.  Thus  dried, 
the  salt  consists  oi  [C^  (H '  Ba)  O-*] .  iiy  dry  (listilhition  it  yields  a  non- 
acid  oily  body  i  the  last  mother-waterb  yield  acetate  ui  burytes. 
Bntyro-acetio  add  mdily  yiddt  an  ather  with  alcohol  and  ralphiirio 
acid.  It  has  the  smdl  of  fruit.  With  respect  to  this  acid,  it  will 
be  observed  that  it  is  isomeric  with  metacetonic  acid,  obtained  during 
the  last  year  by  M.  Gottlieb  from  potash  and  8uir?ir.  M.  NlrkUs 
has  not  liad  sufficient  opportunity  to  ascertain  the  ideutity  of  theae 
two  acida. — Journ.  <le  Chim,  Med.t  Novembre  1846. 


ON  THE  IGNITION  OF  BRASS  WIRE  IN  THE  VAPOUR  OF  ALOOUOLt 

BY  M.  RI  INSCH. 

It  has  hitherto  been  supposed  that  the  j^roperty  of  igniting  in  the 
wick  of  a  spirit-lamp  was  peculiar  to  a  coil  of  platina  or  palladium  wire. 
The  author  baa  lately  discoyered  that  all  other  metala  possess  this  pro- 
perty, which  do  not  melt  at  a  red  heat,  even  whether  they  oxidize  or 
not.  If  a  coil  of  piano-wire  be  placed  in  the  wick  of  a  spirit-lamp 
(absolute  alcohol),  and  it  be  allowed  to  burn  till  the  spiral  is  suffi- 
ciently red- hot  and  thvn  extinguished,  the  s]>iral  remains  red-hot  for 
a  few  seconds  and  Lhcu  ceases  to  be  so.  If  the  lamp  be  thus  lighted  for 
three  or  four  times,  the  iron  wire  remains  red-hot  exactly  tike  apla^ 
tina  wire,  and  the  peculiar  odour  of  aldefayd  and  acetic  acid  is  at  the 
same  time  developed.  If  the  experiment  does  not  succeed,  the  flame 
of  the  alcohol  must  be  covered  with  a  glass  tube,  and  not  extin- 
j^uished  till  this  jirccaiition  has  been  taken.  M.  Rein&cli  states  that 
he  could  not  succeed  at  hrst  with  bra&s,  silver  and  copper  wire  ; 
brass  wire  should  be  thin,  and  the  spirals  made  as  dose  to  each  other 
as  possible,  hut  they  must  not  touch ;  the  flame  of  the  alcohol  also 
should  not  be  continued  longer  than  is  necessary  to  ignite  the  brass 
wire,  and  after  this  it  ought  to  be  suddenly  extinguished  to  prevent 
the  wire  froui  meltiuL:',  ;ind  to  ])revei^t  the  sj)iralH  from  touching;  each 
other.  Copper  and  brabs  wire  coatiuue  as  vividly  icd-hot  as  piatina 
wire,  thouj^  they  are  graduaUy  acted  upon  by  the  acetic  add  and 
afterwards  volatilized.  The  silver  wire  does  not  remain  so  long  ig- 
nited. The  wires  of  the  metals  mentioned  absmrbii^  beat  too  rapidly* 
remain  but  incompletely  red-hot,  but  a  thicker  iron  wire  rondiwredf 
being  not  so  good  h  conductor  of  heat.  Silver  wire  becomes  hnt  im- 
pciicctly  iguited,  bccaui>c  being  ignited,  it  becomes  so  soft  that  the 
Spirals  soon  touch  each  other.  The  same  occurs  with  a  gdd  wire. 

The  author  also  succeeded  in  producing  ignition  with  charcoal ; 
for  this  purpose  a  fragment  of  cbarcod  is  placed  in  the  wick  ;  the 
alcohol  is  removed  from  the  lamp,  except  sufHcicnt  to  moisten  the 
wick,  whidi  is  to  be  lighted  and  the  flame  iii  to  he  cautiously  extin- 
guished ;  tliesc  experiments,  the  author  observes,  explain  a  fact 
which  has  bitberto  been  an  enigma — ^tbe  ignition  of  platina  and 
the  inflammation  of  hydrogen  gas  by  spongy  platina.  Thus  in  the 
^t  experiment,  the  vapour  of  alcohol  bdng  imperfectly  consumed 


Digitized  by  Google 


144 


ItUdUgence  and  MisccUaneaus  At  tidu* 


by  tiie  firs  of  the  teass  win  ttitl  hot.  Hiere  w  produced  exactly  tke 
heat  necessary  to  continue  it  incandescent.  If  tlie  spirals  of  a  brass 
wire  approach  cacli  other  ^vithout  touching,  the  vapour  of  the  alcohol 
oxidize^,  nn(\  r;\n  net  on  a  Uirge  surface;  the  heat  is  mui  h  in- 
creased by  it,  that  tlie  spirals  remain  reU*liot ;  if  die  spirals  be  further 
iwnoTed  from  each  other,  ignition  ceaaes,  the  heat  pvoduced  by  the 
imperfect  combiution  not  being  auffident  to  heat  tbe  apirala,  wbidi 
before  almost  touched. 

As  to  hat  relates  to  pponpy  platinn,  the  globules  nre  surrounded 
with  ail  atmosphere  of  hydrogen,  oxidation  takes  place  at  the  i>amc 
time,  iieat  is  consequently  developed  by  the  large  surface  of  the 
spongy  platina,  and  a  reiterated  contact  of  the  gaaes  so  iacreasea 
die  heat,  diat  the  gaa  ia  inflamed.  Flatina  would  not  possess  tfaia 
specific  quality  if  it  were  not  ao  refractory  aa  not  to  friae  by  the  heat 

of  inflamed  hydrogen. 

M.  Heinsch  has  also  found  that  this  property  belongs  to  metals 
which  fuse  readily  and  arc  not  capable  of  being  made  into  wire. 
Me  made  the  following  experiment :  some  asbes^tos  was  moistened 
witiia  iolation  of  these  metala,  and  after  having  made  it  red-hot»  and 
it  had  become  brittle  by  the  ignition,  it  was  moiatened  with  a  little 
alcohol,  after  which  it  was  cautiously  rolled  round  the  wick ;  the 
metallized  asbestos  was  kept  for  some  time  red-hot  in  the  flsmic  of 
the  alcohol,  a  glass  tube  being  iield  over  it  :  asbcsto?^  ivhii  h  had 
been  prepared  with  chloride  of  platina  reuiauied  vividly  red-hot. 
Iran  anaweii  beat  for  thia  experiment :  aabestoa  moiatened  with  a 
aolntion  of  sulphate  of  iron  and  then  immersed  in  solution  of  aaa- 
monia,  and  washed  in  water  and  dried  quickly,  remaina  red  like 
an  iron  wire.  Asbestos  moi'^toTiod  with  a  solution  of  gold  and 
heated  to  redness,  remains  rt  l  h(»t  in  the  %^pour  of  alcohol  like  a 
piatma  wire.  The  same  occurs  wheu  ajisbestos  is  moistened  with  a 
solution  of  silver.  It  has  been  above  stated  that  gold  and  ailvtr 
wiiea  poeseas  the  property  of  ignition  but  imperfectly ;  which  ahowa 
that  they  are  subject  to  soften  readily.  A  wire  ])repared  with 
chloride  of  tin  and  oxalate  of  ammonia,  remains  only  a  few  seconds 
red,  even  \inder  the  glass  tube,  the  tin  beintr  too  suddenly  converted 
into  oxifir.  Hie  case  is  nearly  the  same  with  lead,  but  it  remains 
red  rather  iouger.  Cobalt  and  nickel  possess  the  property  of  igniting 
lOce  iron.  Man^eae  and  diromium  remain  red  for  a  very  ahott 
time.  Arsenic  ta  suddenly  irolatiKaed,  the  wire  bowever  remains 
red  for  a  few  seconds  ;  the  same  occurs  with  mercury.  Bismuth 
possesses  this  property  of  ignition  in  n  rather  less  degree  thtui  iron. 
Cadmium  resembles  tin.  Zinc  is  the  only  metal  which  due:>  uut  at 
aii  iguite. 

l£e  anther  ta  of  opinion  that  platinised  aabeatos  may  become  an 
important  aubalanoe  for  the  condenaatioo  of  aeveral  gas^^'  ^ 
for  Che  prepantien  of  ?inegar.— Joww.  dePkmm*  et  4e  CI.«Noy.  1046. 

ON  THS  DISTILLATION  OF  M£RCURY.     BY  M.  M.  £.  MILLON. 

When  mercury  is  dlstillrd,  it  observable  that  the  volatilization 
takes  place  more  slowly  at  the  peiiod  ia  which  the  last  portions  of 
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the  metal  patt  into  the  reedver.  If  the  mereury  distiUed  at  the  com- 
mencement of  the  operation  be  kept  separate  from  that  obtained  at 
the  end  of  it,  it  is  eaaily  pro?ed  that  theie  two  portions  are  of  un* 

equal  volatility. 

Fifty  kilogrammes  of  mercury  were  distilled,  and  the  first  and  last 
kilogramme  distilled  were  kept  separate:  both  of  them  were  re- 
dis^led  and  then  submitted  to  the  following  experiment :  &ur  small 
and  i^iinil  u  retorts  were  selected,  each  of  whleh  when  half-filled  was 

capable  of  holding  100  grammes  of  mercury.  Each  of  the  retorts 
charged  with  100  grammes  of  the  metal  was  immersed  into  nn  alloy- 
bath  in  fusion ;  and  the  heat  was  raised  till  the  mercury  in  ail  of 
them  boiled.  The  mercury  distilled  comkmsed  in  tiienec^c,  and  was 
collected  and  weighed.  Ilie  four  retorts  did  not  yieUl  equal  quan- 
tities ;  but  on  patting  aside  those  which  differed  tiie  most,  it  was 
easy  to  select  two,  which,  subjcrfrd  to  the  above  proof,  furnished 
nearly  an  equal  quantity  of  mercury.  T\\u»  in  three  parallel  opera- 
tions with  these  two  retorts  distinguished  by  the  letters  A  and  B — 

In  the  same  time,  in  the  same  bath. 
Retort  A,  First  qporation.   Mercury  distiUed  46*5  grammes. 


Retort  B.                               ....  47'5 

Retort  A.  Second  operation   69*0 

Retort  B.          .                     ....  63  0 

Retort  A.  Third  operation.         ....  66*0 

Retort  B.      64  0 


It  is  to  be  remarked  that  in  these  three  operations  the  retort  A. 
always  yielded  a  little  more  than  the  retort  B.  This  cireumstance 
was  attended  to  In  tiie  experiments  which  follow. 

The  following  arc  the  differences  obtained  by  submittinc:  to  com- 
parative trial  in  the  alloy-bath,  mercury  taken  from  the  first  and  last 
kilogramme  obtained  horn  the  distillatioa  of  50  kilogrammes  of  the 
metS. 

The  retort  A*,  which  yielded  the  most,  received  the  mercury  col- 
lected at  the  close  of  the  distillation ;  tiie  retort  B.  that  obtained  at 
the  commencement. 

Merrnrv  distilled  during  the  same  time  in  the  same  bath. 
Retort  A.  First  operation.  Containing  lOOgrms.  of  metal  19  0  grms. 
Retort  B.  ....  ....  ....         49  0  . . 

Retort  A*  Second  operation.       ....         ....        15*7  . .  . 

Retort  B.         ....  •  *  •  •         ....        41*5  •  • 

Care  must  be  taken,  in  these  comparative  distillationSj  to  mode- 
rate the  temperature  of  the  alloy-bath  as  soon  as  the  mercory  begins 
to  spot  the  dome  of  the  n  tort. 

Mercury  thus  affected  lu  a  marked  manner  iu  its  mode  of  distilla- 
tion would  appear  tu  possess  some  difference  in  its  degree  of  purity ; 
hut  the  author  attempted  in  vain  to  discover  any  diierence  by  re- 
agents ;  the  mereury  of  the  first  and  last  kilogramme  was  simUaily 
affected  in  all  the  examinntions  to  which  it  was  submitted. 

It  then  occuiiLil  ti)  the  author  to  try  whether  the  addition  of  any 
foreign  metal,  iu  (quantity  so  small  as  tu  escape  analysis,  could  affect 
the  volatiUty  of  the  mereury.  The  results  were  of  considerable  in* 
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terest ;  the  thoaavidtli  or  even  ten-thousandUi  of  a  foniga  metal  is 
sufHcieiit  to  cause  very  ohanotemtic  differenoet  in  die  rataltt  of 

parallel  experiment^. 

A  ten-thousandtii  uf  lead  added  to  mercury  stops  ite  distillation 
almoftt  entirely.  In  the  foUowiug  comi>ar«tivQ  experiments,  the 
mercury  wiuoh  distilled  mth  the  greatest  difficulty  was  put  into  tha 

retort  Am  which  yielded  most  quickly. 

First  operation. — Retort  A.,  containing^  100  gmmmcs  of  mercury, 
to  which  1  -lO.OOOdth  of"  lead  had  been  added,  yielded  in  a  given  time 
by  distillation  iu  the  batli  o  grammes  of  mercury. 

Retort  B.,  containing  the  same  quantity  of  mercury  without  any 
ted.  heated  for  the  sanetiiao  in  the  same  bath,  gav«  by  distillation 
67  grammes  of  mercury. 

Second  operation. — Retort  A.,  containing  100  grammes  of  mercury, 
to  whicli  1  -lOOOdth  of  lead  had  been  added,  yielded  in  a  given  time 
by  distlUaUon  in  the  bath  2  grammes  of  mercury. 

Hetoil  B.,  containing  the  some  quantity  of  mercury  without  any 
lead,  heated  for  the  same  time  in  the  same  bath,  gave  by  distillation 
55  grammes  of  mercury. 

Zinc  was  substituted  for  lead,  and  when  in  the  proportion  of 
l-10,000dth.  the  mercury  distilled  was  to  that  obtained  without  the 
zinc  as  6 '5  grras.  to  72. 

Some  metals  liave  no  sensible  influence  oa  liie  distillation  of  mer- 
cury ;  among  these  are  gold,  iridium,  silver,  copper,  tin,  nickel,  ead* 
mium  and  arsenic  The  action  of  platina  is  precisely  the  reverse  of 
that  of  lead  and  7inc:  it  accelerates  distillation,  but  Ism  than  lead 
and  zinc  n  fard  it;  in  order  that  platina  may  prodtiro  fliis  effect,  it 
must  be  dig^ested  in  the  mercury  for  a  day  or  two  at  tiie  temperature 
of  122''  to  i76^  F.—v^MA.  tie  C&.  et  de  yVtya.,  Novcmbre  1S4$. 


£A8Y  METHOD  OF  PREPARING  IODIDE  01-  POTASSIUM. 

M.  Pypers  subjects  to  a  moderate  heat  a  mixture  of  ino  parts  of 
iodine,  75  of  carbonate  of  ])ota£h,  30  of  iron  hlings  and  12U  oi  water. 
The  mass  is  to  be  dried,  uixd  then  heated  to  redness ;  the  resulting 
reddish  powder  la  to  betnafeed  with  water,  and  the  soIntioiiolilBiDBd 
filtoed  and  evapsrated  to  dryness.  One  hundred  parts  ol  iodine 
yield  135  of  very  white,  but  slightly  alkaline  iodide  of  potassium.^ 
/oara,  ^  CSItsi.  Mid,,  Decembre  1846. 


rOBMATION  OF  GLYCERINE*    BY  M.  ROCBLBOBB. 

If  castor-oH  be  dissolved  in  absolute  alcohol  and  a  current  of  dry  hy- 
drochloric  acid  be  directed  into  the  heated  solution,  the  oil  under- 
goes decompositiou.  When  the  liquor  is  agitated  with  water,  after 
the  hydrochloric  gas  has  acted  for  a  suflicieut  time,  an  emulsion  is 
obtained,  which  gradually  separates  into  two  portions,  one  of  which  is 
oily  and  floats,  the  otiier  is  watery  and  extremely  acid ;  the  latter  is  to 
he  poured  oif  and  evaporated  by  a  water-bath*  At  first  hydrocblorie 
acid  is  disoigagedt  and  there  remains  a  syrupy  and  yellowish  mass 


InteUig9He€  and  Misc^Uaneous  AriicUs*  li7 


nrhich  if  to  be  treated  with  aether,  which  dissolve?  one  portion  and 
leaves  another  which  is  insoluble :  this  last  is  glycerine,  and  the 
etolution  contains  the  aethers  of  the  fatty  acidft  of  the  CMtor-oU.— 
Journ.  de  Pharm,  et  de  Ck.,  Decembre  1846. 


OM  THE  OOMrOSITIOM  Of  BOHXMIAN  GLASS. 

Aoeording  to  M.  Pelig:ot,  the  composition  cf  the  white  Bohemian 
glass  Tancs  but  very  little  in  the  different  manufactories  of  that 
counfa*y.  He  has  analysed  various  specimens  wliich  ivor?*  perfertly 
pure  and  colou^les^*,  and  they  all  yielded  very  nearly  the  same  results. 
Their  composition  was  found  to  be  as  follows :  — 

SiHca   76 

Potash   15 

Lime   8 

Alamlna    1 

100 

The  composition  of  the  ingyi^apwto,  or  Mffv  A  p4i9  ii  Hm  tt 
Bohonia  is  remarkable  ;  it  is  a  simple  silicate  of  |K>tasb,  the  semi* 
opaaty  of  which  h  derived  from  imperfect  vitrification,  which  hat 
left  grains  of  quartz,  not  fused,  interposed  in  themais,  Itoontaine, 
according  to  M.  Peligot's  analysis, — 

Silica   80-9 

Potash    1 7' 6 

Lime   0*7 

Alumina  and  a  trace  of  iron , . . .  0*8 

iOOO 

Thin  glust  doee  not  attraet  mcnstore  from  the  air;  when  long 
boiled  in  water  it  is  not  acted  upon.  It  diffort  from  the  aoiahle 
glass  of  Fuchs  in  containing  about  1 0  per  cent,  more  silica* 

A  specimen  of  Venetian  artificial  avaatiirine  yielded*— 

Silica.....   67-7 

Xjioic  3d 

Peroxide  of  iron    3'5 

Oxide  of  tin   2'3 

Oxide  of  lead    M 

Metallic  copper. *  ••••••••  8*9 

Potash  ,  ,   5-5 

8oda   71 

1000 

M.  Peligotfonndthataspecimeaof  iMrre^yAMtfJoij/C^  consisted 
of — 

SiUca   67-7 

Potash    81*0 

lime   9*9 

Alomina    14 

100*0 

Jmam,  de  Pkmrm.  et  ie  CI.*  Novembve  1846. 
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OS  OXVPICRTC  acid. — STYMIMC  ACID. 

In  experimenting  on  Indian  yellow,  M.  Erdniarm  diacoTered a  new 
acid,  to  which  he  gave  the  name  of  oxypicric  acid. 

liiiB  waStttaBct  has  also  been  obtain^  by  MM.  Boettger  and  Will, 
vithont  their  being  aware  of  the  lesnlta  of  M.  Erdmann't  expen* 
ments.  It  was  procured  by  these  chemists  by  treatiiig  several  gum- 
reflios  with  nitric  acid,  n>  for  rxamj  Ir  ammoniacum,  apsafoetida,  &c. ; 
they  also  procured  it  from  the  watery  extract  of  Brazil  wood,  pan- 
ders and  yellow  wood,  and  they  have  called  it  styphnic  acid,  from 
arv^t  os,  astringent. 

They  prepare  it  by  heating  one  part  of  aseafoetida  with  from  foor  to 
six  parts  of  nitric  add  of  1-20.  At  first  they  heat  it  to  about  158^ 
to  l6'-\'  F.  ;  as  soon  as  tlie  violent  action  which  then  takes  phicc  is 
moderated,  it  is  to  be  boiled  till  all  solid  matter  disappcnr?:.  When 
the  solution,  on  the  addition  of  water,  deposits  a  powder  which  is 
granular  to  the  touch,  the  oxidation  is  finished ;  if  the  water  sepa> 
rates  a  ilocculent  precipitate,  the  ebnllition  witli  the  nitric  add  must 
be  continued:  it  is  then  to  be  evaporated  to  the  consistence  of  asympi 
much  water  is  to  be  added,  and  after  liaving  boiled  it,  carbonate  of 
potash  is  to  be  added  as  long  as  effervescence  ensues,  taking  care  to 
add  no  excess,  in  order  that  the  resinous  portions  which  the  liquor 
may  still  contain  be  not  dissolved.  After  ucutrulization  the  liquor 
is  to  be  filtered  and  evaporated,  and  set  to  erystallize.  There  then 
separates  a  salt  of  potash  -MxAi  is  very  slightly  soluble,  having  the 
form  of  a  brown  crust,  or  of  fine  needles  aggregated  in  mammillated 
forms.  This  salt  is  to  be  dissolved  and  re-crystallized  in  water,  and 
the  oxypicric  acid  is  to  be  ]>rccipitated  l>y  nitric  acid. 

This  acid  is  precipitated  m  the  state  of  a  white  powder,  or  in  scales 
having  the  form  of  fern  leaves ;  it  is  to  be  washed  with  cold  water 
and  then  dissolved  in  boiling  absolute  aleohol;  from  thb  it  separates 
in  prismatic  crystals  of  considerable  size. 

The  properties  of  this  acid  are  that  its  taste  is  neither  sour  nor 
bitter,  but  slightly  astringent :  its  solution,  either  in  alcohol  or  water, 
colours  the  epidermis  permaueatiy. 

It  is  yellow,  reddens  litmus  strongly,  and  readily  deoompoees  the 
alkaline  carbonates.  It  requires  88  parts  of  water  at  about  144^  P, 
for  solution  :  alcohol  and  tether  dissolve  it  readily.  When  cautiously 
heated  on  platina  foil  it  fuses,  and  on  roolinsr  becomes  a  radiated 
mass:  at  a  higher  temperature  it  yn  Ul>  ^;l]u>urs  which  readily  in- 
iiume.   When  suddenly  heated  it  detonates  slightly. 

Nitric  and  hjrdrochloiic  adds  even  when  concentrated  do  not  act 
upon  it  at  a  boiling  heat.  It  dissolves  readily  in  concentrated  nitric 
add,  and  water  predpitates  it  from  solution  in  the  form  of  a  white 
powder. 

Aqua  rcgia  decomposes  it  entirely  with  the  production  of  oxalic 
uci<I.  Concentrated  sulphuric  acid  when  heated  also  decomposes  it. 
If  a  piece  of  very  dry  potassium  be  sprinkled  with  diis  add,  and  it 
be  slightly  pressed  with  a  pestle,  the  add  inflames :  sodium  does  not 
produce  the  same  effect. 

A  .concentntled  aqueous  solution  of  oxypicric  acid,  espedally  when 
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heeted*  leadOy  diswlves  zinc  and  iron.  Sulphuretted  hydrogen  hu 
no  action  upon  it;  but  an  alcoholic  solution  of  hydrosulphate of  am- 
monia gives  it  a  deep  brown  red  colour.  AasafoBtida  yields  about  3 
per  cent,  of  this  acid. 

MM.  Boettger  and  Will  found,  m  M.  Erdmonn  had  done,  that  its 
coin|KMitaonieOiH«N»0«.orC<'(H'X>)0«.  Ttua  acid  is  Ubanc. 
It  is  capable  of  ffoming  several  salts  wttii  two  difierent  bases.  All 
tiie  oxypiciates,  in  common  with  the  picmtes,  possets  the  property 
of  exploding:  with  considerable  force  when  heated  gentty.^/onm. 
4e  Fharm,  et  de  Ch,,  Novembre  1846. 


REDUCTION  OF  THE  PERSALTS  OP  IRON  BY  ZINC. 

Metallic  zinc  reduces  the  persaits  of  iron  to  tlie  state  of  protosalts, 
and  precipitates  at  tiie  same  time  some  metallic  Iran,  often  in  the 
state  of  bfilliant  scales.  According  to  M.  PoumarMe,  it  is  equal  to 
one-third  of  that  which  remains  in  solution,  tlie  reaction  taking  place 
according  to  the  following  equation  (Fe^sfFe) : 

6SFe«/30< 
or 

S«  Fe»  ©••+Zn«=58  SFe«  0*+38Zn«  0*+Fe«. 

By  superozidizing  the  mixture  of  protoaalts  which  results  from  a 
first  reduction,  a  fresh  quantity  of  iron  may  be  precipitated ;  and  by 
successive  operations,  the  whole  of  the  iron  of  a  solution  nmy  be  pre- 

cipi  fated, 

it  weak  holntions  be  operated  upon,  there  is  u.sually  disen2;n«red  a 
certain  quantity  uf  hydrogen,  which,  according  to  the  author,  de- 
rived from  a  secondary  decoropoeition,  operated  on  water  by  the  iron 
set  free ;  in  fruA,  the  zinc  is  always  covered  with  a  veiy  alight  coating 

of  oxide  of  iron. 

According  to  M.  Poumarede,  the  solutions  of  nickel,  manganese, 
and  even  of  nlumina,  yield  similar  results. — Jimrn.  de  i^harm.  et  de 
CL,  Novembre  184G. 


AWAZD  OF  MZDALS. — LUTKHAK  SOCIBTT. 

A  Speciai  Cbneral  Meeting  of  this  Society  was  hdd  on  Friday  the 
8th  of  January,  to  consider  the  subject  of  the  following  Statement 
Riid  Resolution  of  Council  relative  to  the  Bequestof  the  late  Edward 
Kudge,  Esq.,  F.L.S. 

The  Council,  after  much  patient  and  anxious  deliberation,  had 
unanimously  come  to  the  following  reeolution : — 

'*  Resolved,— That  in  the  opinion  of  this  CoancO*  on  a  full  con- 
sideration of  the  terms  of  the  bequest  of  the  late  Edward  Rndge»  Esq., 
of  the  interest  of  a  5um  of  £200,  for  the  purpose  of  establishing  a 
Medal  '  to  be  awarded  by  the  President  and  Council  of  the  (Linnsean) 
Society,  at  their  discretion,  to  the  Fellow  of  the  said  Society  who 
shall  write  the  best  communication  in  each  volume  which  after  liis 
(the  testator's)  dcceaee  shall,  he  published  by  the  said  Society,  in 
either  of  the  four  departments  of  Natanil  Hialoty/  it  is  inexpedient 
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toMNndetollMlilMral  inttmtiffni  of  tfaft  tfttitor  mrihr  tlift  tmniKtfttni 
expressed  in  his  will." 

This  Resolution,  which  received  the  entire  concurrence  of  the 
Preslriont  and  of  every  Member  of  the  Coonciit  WW  ehiefly  feitiided 

on  the  loilowinc:  . 

The  great  objecL  ul  the  Linnsean  Society,  m  of  all  other  bodies 
dmilarly  cooititttted,  is  the  prodnsCicm  end  pnbliotlifm  of  eodl  mmif% 
M  tend  to  the  edfiiioenMiit  of  tibet  bnndi  of  aoienGe  wldefa  it  oiilti- 
vatM.  The  priii€i|Mtl  question  therefore  in  Mference  to  Mr.  Hudge*i 
bequest,  is  the  manner  in  which  its  acceptance  woukl  operate  on  the 
Society's  publication^,  unci  the  Council  \\:\^  urrivcd  at  thr  conchision 
that  its  tendency  would  be  prejudicml  ratlicr  tiuiii  iuvourHbie  ;  inas- 
much as  while  the  Medal  would  ofier  uo  iuducemeut  to  some  of  tliosu 
Memben  who  have  hitherto  been  m  the  hehtt  o£  oommmiieating 
popen  which  have  had  a  place  in  tiie  '  TrunsaodoiM.'  they  might, 
on  the  eoBlmy.  be  unwilling  to  submit  their  future  communications 
to  this  new  ordeal ;  and  it  does  not  appear  probable  that  the  Medal 
would  prove  a  stimulus  to  the  production  of  more  valuable  Essays 
from  any  other  class  of  the  Society.  On  the  other  hand,  it  is  pro- 
bable that  dliaetufiMtioii  would  aive  in  the  ndnde  of  aome  of  thoee 
Membera,  who  after  oontribotaig  papeia  to  more  than  one  Tolome  of 
tiie  'IVannctions/  should  lail  In  oblaining  the  award  of  a  Medal. 

A  second  objection  to  the  acceptance  of  ti  c  ])equest  arises  from 
the  n.V;':ence  of  any  discretionary  power  of  withholding  the  Medal, 
wliicli  is  necessarily  to  be  awarded  to  the  best  paper  in  every  volume, 
and  consequently  tu  papers  of  very  unequal  value,  thereby  lowering 

tibe  ehai«eter  of  the  Medal»  and  cootequently  afleeting  the  identifio 

reputation  of  the  Society  itself. 

Diffb^nces  of  opinion,  and  consequent  dissatisliction,  would  also 
be  not  unlikely  orrasionally  to  arise  in  d<^cidin^  upon  the  compara- 
tive merits  of  papers  in  botany  and  zoology,  the  two  branches  of 
natural  history,  of  which,  for  many  years  past,  the  Transactions  of 
tiie  Society  have  exdtiiively  conmsted. 

Anoliher  point  may  etOl  be  notioedaa  decidedly  unfimiuable  to  tiiO 
acceptance  of  the  bequest  namdy,  tiie  not  improbable  award  of  the 
Medal  by  the  Council,  in  some  cases  to  one  of  its  own  body,  in  strict 
OOnformitv  with  the  conditions  of  the  will;  conditions  which  neither 
iJie  Couju  11  itself,  nor  (as  it  appears  from  the  tenor  and  provisioos 
of  the  will)  any  other  party  has  the  power  to  modify. 

llieee  oblectiona  haFe  appeared  to  the  Gouneil  so  important  aa  not 
to  admit  of  any  otfaor  aoaree  but  that  of  respectfully  declining  to 
accept  a  bequest,  the  operation  of  which  would  in  all  prolMibility  be 
injurious  to  the  best  interests  of  the  Society,  by  lowering  the  cha- 
racter of  its  ]iublio«tion?,  and  endangerini;  the  continuance  of  that 
harmony  which  has  hitherto  prevailed  in  all  essential  jraints.  The 
Council  is  at  the  same  time  deeply  sensible  of  the  kind  and  liberal 
intntions  of  Mr.  Rndge,  and  entertains  a  sinosie  regret  that  tlw 
axpnss  terms  of  his  wul  should  have  rendend  the  aooeptanoe  of  hia 
beqn^  liable  to  such  grave  objections. 

tIm  Bioeting  waa  namefoualy  attondod,  «ad  the  Prseide&t  (the 
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Bishop  of  Norwieh)  baving  read  from  the  chair  the  above  Statement 

on  the  part  of  the  Council,  some  ol  the  Fellows  who  had  been  Mem- 
bers of  the  Councils  of  the  Royal  nnd  Geological  Societies  Stated 
their  oi)inion  of  the  inconvenience  and  injurious  tendency  of  the 
awarding  of  medals  in  those  Societies,  and  their  inutility  for  the 
promotioii  ol  Bdence ;  after  which  the  Reeolution  propoeed  by  the 
Connoil  wae  unaoimously  approved  and  adopted. 

METEOROLOGICAL  0B8ERVATI0XS  FOR  DEO.  1846. 
C/nswick.'— December  1,  2.  Foggy.    S,  Cloudy  ;  frosty    4.  Shnrp  fro't  r  fitic. 
5.  Cloudy:  dear  and  fine :  overcast.     6.  Clear:  cloudy.     7.  line:  cloudy, 
8.Clmi^«fiiM;    9.  Slightly  oveiowtt  drizzly  t  alight  rain.    10.  Rain.  II. 
Frosty:  snowing:  cli'nr  nnd  froity.      12.  Frostr  ;  cloudy;  clear  and  frosty. 

15.  Frosty:  cloudy:  severe  frost  at  night.  14.  bevere  frost:  clear  and  frosty 
tbroughont.  15.  Severe  ftoat:  densely  ov  ercMt:  clear  and  froity.  16.  Sharp 
frost :  clear  and  cold :  frosty.  17.  Densely  overcast :  fine  :  sHjr'it  snow.  I R.  Shnr]i 
frost :  clear :  overcast  1 9.  Rain :  foggy.  20.  Kain :  cloudy.  21.  liain:  clear 
•nd  trottf  at  night  99.  Sll^l  Awt  and  fog :  fine :  dear.  23.  Rain.  24.  Foggy. 
25.  Frosty  :  clcnr  26.  Clear  nnd  frosty.  27.  Frosty :  cloudy :  clear  and  frosty. 
28.  Frosty  and  foggy.  29.  Slight  frost :  overcast.  30.  Densely  overcast :  frost 
akidjriit.   81.  Sharp  ffoatt  fbggy. 

Mean  temperature  of  the  month   •»•.•••»*••••»«••••....  Sl**26 

Mean  temperature  of  Dec.  1845  40  *41 

Average  temperatura  of  I>ecw  for  iIm  last  twenty  years  ......  40  <04 

Avsnga  amount  of  rain  In  Dec.   1*58  inch. 

Boftan.  —  "Dec  1.  Fine  :  snow  on  the  ground.  2.  Cloudy  :  snow  on  the  gruund. 
3.  Fine :  tinow  on  the  ground.  4.  Cloudy:  snow  on  the  ground.  5.  Fine :  iinow 
on  the  ground :  rain  f.m.  e.  Fin*.  7.  lUiD.  B»  FIno :  fain  tm.  9.  Cloudy  t  nin 
r  >f.  10.  Fine.  11 , 1  ^  Sttoiv  ;  <^iinw  on  the  ground.  13 — 16.  Cloiiciy :  snowon  the 
ground.  17.  Cloudy  :  &OOW  eitrly  A.M.  18*,  19.  Cloudy :  snow  on  the  ground. 
90.  Fine :  snow  on  the  ground.  91.  Cloudy :  anew  on  the  ground.  99>  Fine: 
snow  nearly  all  gone  :  inched  snow.  Cloudy.     21.  *>nnw  :  snow  on  the 

ground.  85,  26.  Fine :  snow  on  the  ground.  87 — Q0»  Cioudy  :  snow  on  the 
ground.  31.  Cloudy ;  inow  on  the  ground :  melted  tnov. 

Smtdwick  Mmte,  Orkney. — Doc  1.  Showers :  dear.  9.  Bright :  sleet-showers. 
3.  HaiUsbowers :  slect  showers.  4.  Bright:  shower*.  5.  Showers:  sleet- 
showers.  6.  Slctl -showers :  cloudy.  7.  Rain:  clear.  8.  iJri»*le  :  cloudy. 
9t  Drizzle :  shower :  dear  i  aurora.  10,  1 1.  Snow-bliowers :  snoW^dfifk.  12,  13. 
8now-drif\  :  snow -showers.    14.  Snow-showers.    15.  Snow-sbowers  :  snow-drift. 

16.  Snow-showers.  17.  Snow.showers :  sdow  :  dear.  18.  Thaw  :  quick  thaw. 
19.  Frost :  showera.  90.  Briglti :  clear :  lionr.JnMt.  91.  Raiot  showers.  99, 
Ilnil-showcrs:  frosty.  23.  Hai I- showers :  dear  :  aurora.  24.  F! ail-showers: 
cloudy.  25.  Clear :  ctoady.  26.  Bright :  doudy.  27.  Bright :  rain.  28. 
Bit ght : dritslo.  99.  Dricale : clear.   90.  Fine: clear: halo.  31.  Drinfe 

Applegarth  Mnnsc,  Jhimfries-ahirc^Dcc.  1.  Thaw,  S— 4.  Hard  frost.  5. 
WeL  6.  Frost:  dear.  7.  Frmt,  8.  Frost,  but  dull.  9.  Frost,  slight, 
10.  Thaw:  slight  snow.  11— H.  Keen  frost  15.  Keen  frost;  slight  snow. 
IG.  Keen  frost:  sleet.  17.  Keen  frost :  slight  snow.  18.  Frost  a. u. :  rain  p.ir. 
19— 21.  Wit.  22.  Frost,  keen.  23.  Front,  kern  :  nlif^ht  snow.  24.  Frost,  keen : 
more  snow.  25,  26.  Fro^t,  keen.  27.  Thick,  fog  :  Irost.  28.  Thaw  :  fog;  rain. 
SSL  Tlunr:  tUdk  fog.   90,  31.  Thaw :  fog. 

Mean  ti'mpt-rnture  of  the  month   S3°'5 

Mean  tcuiperaiure  of  Dec.  1845   S9  '5 

Mean  temperature  of  Dec  for  twenty<.t^«o  years   88  'S^ 

Mean  rain  in  Dec.  for  eighteen  years    3 indies. 

*  Not  lo  cold  a  day  in  DeMmber  aineo  98tfa  Deecmbcr  1899^  which  was  itf^^t 
Not  so  cold  a  m onth  of  Oscfoihcr  livr  twcnly  ywrs  «t least t  Dtccnhtr  1899  wae 

very  cold^-Average  as^'J* 
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XXVIII.  lieplj/io  Ihe  Astronomer  Royal  oit///r  ^nv  Analijsjs 
of  Solar  Light.  Ih/  Si  r  David  Brbw8TBB»  iu//.,  D.CLhf 
jF.a.S.  and  Edin.* 

THE  remarks  of  Mr.  Airy  in  the  la&t  Number  oi  this 
Journal,  on  my  Analysis  of  the  Sohr  Spectraniy  have»  I 
doubt  not,  given  n  much  surprise  to  its  scientific  readers  as 
they  have  given  to  me^  and  this  independently  of  the  correct- 
ness or  incorrectness  of  the  results  to  which  they  refer.  When  a 
philosopher  examines,  and  pronounces  an  opinion  upon  the  re- 
searches of  others,  especially  upon  thosewhich  competeinjudges 
have  recognised  as  sound,  he  is  bound  to  repeat  llie  identical  ex- 
periments wlilchhechallengcs,withsimilarapparatusand  similar 
nialerials ;  to  state  the  difVerences  which  he  observes,  to  iiK|uire 
into  the  causes  by  which  such  discrepancies  liave  arisen,  to 
establish  his  own  views  by  new  and  eOeclive  experiments,  and 
to  publish  his  researcties  in  vindication  of  his  charges  against 
a  fellow- labourer  in  science.  Mr.  Airy,  howevei-,  has  not 
done  this;  but,  as  we  shall  presently  see,  has  followed  a  course 
which  is  as  unusual  in  the  history  of  science  as  it  may  be  in« 
jurious  to  its  progress. 

The  question  (the  only  one  as  Mr«  Airy  says)  to  which 
these  observations  bear  reference  is  this :  *'  Is  it  established 
that  the  colour  of  any  portion  of  the  spectrum  is  changed  hu  ihe 
use  oj'  any  absorbing  medium  ^"  To  this  (jnestion  1  and  others 
have  given  llie  answer,  that  absurbtng  media  do  change  the 
colour  of  different  portions  of  the  spectrum,  I  give  tlie  same 
answer  still  ,*  and  rxaher  liiaii  believe  that  I  have  been  biuid 
for  llie  iBAt  Jifly  years,  I  will  hazard  the  supposition  that  the 
Astronomer  Royal  cannot  distinguish  colours,  and  is  a  genuine 
specimen  of  an  idiopt^  the  name  which  his  friend  Dr«  Whewell 

*  CoinniutiicuteU  by  the  Author. 
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has  invented  to  designate  the  uatoriutiatc  members  of  the 
colour-blind  community. 

But  before  I  proceed  to  give  a  notice  of  tbe  analysis  of  tbe 
spectrum  by  absorption,  I  must  refer  to  the  mode  of  making 
tne  experiments.  Mr.  Airy  says  that  **ihe  eye  has  no  memory 
for  colours"  and  that  it  is  therefore  necessary  to  compare  im» 
mediatehj  the  modified  with  the  unmodified  spectrum.  It  may 
be  true  lliat  the  eye  has  no  memory  of  any  kind,  and  there- 
fore not  for  colours;  but  I  know  that  I  have  a  piemori/ lov 
colours,  and  that  the  colours  are  so  much  commilfetl  to  my 
memory  by  iifly  years*  schooling,  that  without  anv  inniuciiate 
comparison  1  can  tell  whether  or  iiul  the  green  space  has 
become  yelhwer^  and  whether  or  not,  by  certain  comlnnations 
of  absorbing  media,  I  see  before  me  a  portion  otvahite  liffht 
standing  close  to  a  portion  of  red  light  in  the  spectrum,  like 
an  almond  and  a  chernj  stuck  together. 

But,  apart  from  this  consideration,  I  beg  to  remind  Mr. 
Airy  ttiat  I  was  the  first  person  to  use  the  methods  which  he 
considers  liis  of  placing  the  modi  fed  beside  tlic  unmndif^ed 
truni,  hy  < mploving  the  same  slit  tor  ImiiIi:  niid  lhat  I  sliowcd 
liiohwu  fi  J  h  r'l  years  ago,  wlien  hediil  mc  tiie  lionour  oi  paying 
me  a  visit  m  Koxhurghshire.  In  my  paper  On  the  Lines  of  the 
Spectrum,  reati  lo  ilie  Koyal  Society  in  I8.S3*,  I  write  thus, 
when  speaking  of  the  coincidence  of  the  Nitrous  gas  lines  with 
those  of  Fraunhofer : — 

**  In  order  to  afford  ocular  demonstration  of  this  fact.  I  formed  the  solar 
and  the  gaseous  spectrum  wiM  i^ht  pasting  through  Ihe  same  aperture,  so 
that  the  Hues  in  the  one  stood  oppo^iti-  tliose  on  the  other,  like  the  divi- 
sions on  tlie  vernier  and  the  limb  of  a  circle,  and  their  coincidence  or  non* 
coincidence  became  a  matter  of  simple  observation.  I  then  superimposed 
the  two  spectra  when  they  were  both  formed  by  solar  light,  and  thus  ex- 
hibited ni  once  the  two  jcric^  of  Hiirs  with  al!  their  coincitlcru  i  i  aiul  all 
their  apparent  deviations  from  it.  Frotc&sor  Airy,  to  whom  I  showed  this 
experiment,  remarked  that  he  saw  the  one  set  of  lines  through  the  other, 
which  is  an  accurate  description  of  a  phenomenon  perhaps  one  of  the 
rnt^Nt  splendid  in  pliv^ical  opiics,  whether  we  conaider  it M  tppetlipg to  the 
eye  or  to  the  jiidL;cnicnt." 

On  tlie  15th  of  April  1822,  i  laid  before  the  lioval  Soriety 
of  Edinburgh  a  paper,  in  which  I  describe  spetilic  <  \|)eri- 
ments,  proving  that  the  colmn-  of  pnrts  of  the  bpectnun  is 
changed  by  absorbing  nicilia,  and  that  a  distinct  yellvrm  hand 
can  be  insulated  on  the  most  refrangible  side  of  the  line  Df. 
About  the  same  time  Sir  John  Herschel  addressed  a  letter  to 
me  On  the  Absorption  of  Light  by  Coloured  Medlar  &c*»t 

•  Edinburgh  Transncfions,  vol.  xii.  p. 
t  Ibid.  vol.  ix.  p.  433-444. 
X  Ibid.  pp.  446— 460. 
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coiitaiiiiiig  cx^)eriinents  from  which  lie  drew  tlie  same  COU« 
elusion  that  I  did,  as  appears  from  that  letter^  ami  froni  tht 
loUoving  passages  in  bis  Treatiie  od  Light  Viewing  ihm 
spectrum  through  a  piece  of  raiBlt  blue  glass  O'OiS  of  an 
inch  lhidc»  he  makes  the  IblkNring  obserattont^ 

«*Hiit  •■i><lhs  hmcnMit  of  the  two  r«d  b«ndt>**b  ftss  ftom  Ifo  tlighiett 

shade  n/oEAKOK:  its  most  refracted  limit  came  very  nearly  up  to  the  dark 
line  D  in  the  spectrum.  A  small  sharj)  black  line  sci)arated  this  m.d  f  rom 
the  YELLOW^  which  was  a  preUtf  tvell-dcjincd  band  of  gkeat  B&iLLiANCY 
Alto  ?vstTT  or  cotooft,  of  a  breadth  exc^bg  that  of  the  first  bed,  and 
Sounded  eo  lAe  oisiM  w  by  s»  oieearahd  mi  ^aUe  MidfclsforMl>''*Art. 

Upon  this  distinct  and  well-described  observation,  which  is 
precisely  what  I  hate  witnessed  a  hundred  times^  Sir  John 

reasons  as  follows: — 

"  The  two  rnh  noticed  in  Art.  4^7  have  n1>5olulelV"  the  same  colour,  and 
cannot  be  distinguished.  On  the  other  hand,  the  transition  from  pure  red 
to  pure  yettow,  in  tho  case  there  doieribed,  is  qwtU  eaddem,  emdtkeamdrmt 
qfeoimtrewieettirUmg.  •  •  •  •  What  then,  we  may  ask,  has  booooMof 

tnc  on,\NGi:;  nnd  how  is  it.  that  ds  place  is  partly  supjdit  d  by  BKn  on  one 
tide  und  yellow  on  titc  otlier  ?  These  phxnomena  certainlv  lead  us  very 
strongly  to  believe  that  the  analysis  of  white  Ikht  by  the  prism  is  not  the  only 
•nalfiit  of  wlifeh  it  admits.  •  •  •  •  Thk  i(&a  fms  beto  advocated  by  Dr. 

Rrewstcr  in  a  paper  published  in  the  Edinburgh  Trans  irtiojis,  vol.  ix.,  and 
the  same  consequence  appears  to  t'ollow  troiu  other  experiments*  pubUsbod 
in  the  same  volume  ol  tiiat  collection.'* — Art.  606. 

Having  had  occa^iio!)  in  tlie  course  of  the  ten  years  subse* 
ijuciit  to  1822  to  view  ilit-  sjja  t  Li  iini  tli rough,  literally,  lum- 
tlreds  of  solid,  lluid,  aiul  gaseous  botiies  in  diflerent  combi- 
nations,  I  was  led  to  the  generalisations  which  I  have  described 
m  a  paper  On  a  New  Analjfsis  of  Solar  Light,  read  to  tha 
Bogral  Sodetj  of  Edinburgh  on  the  Sisi  ^  March  ISSlf* 
I  eodeavonred  to  prove  by  spedfic  experiments  that  tha  solar 
spectrum  was  compound,  and  capable  of  analysis  by  absorbing 
media,  and  I  succeeded  in  insulating  a  portion  of  wkiie  kffkit 
which  tha  prism  could  not  decomposui  But  as  these  pointa 
are  not  now  at  issue  between  the  Astronomer  Rojal  and  ai% 
1  shall  make  no  fmlher  allusion  to  tliem. 

Ncarlv  tfiree  years  nfter  the  reading  of  this  paper,  on  the 
6tli  of  January  lb3i-,  iho  1^  t  ^ident  and  Council  of  tlie  Koyai 
iiociety  made  the  follovvjiii*  aiinuuiicerneiJl :  — 

**Tbe  Pre>idont  announced  that  tlie  Council  had  resoh'cd  to  award  the 
Keith  Qieninal  Tri^e,  tor  liie  oecoiid  period,  to  Sir  David  Urewfter,  for  his 
paper  On  a  New  Ainl|sis  of  Solar  Uil^U**, 

Being  then  resident  in  the  country,  I  had  no  knowledge 

whatever  of  tha  intention  of  the  Royal  Society  to  do  me  this 

«  Kdisbuiih  TiwMSGtioH^  f  i,  p. 

tlMvaCmp.l^. 

MS 


Digitized  by  GoogI 


I 


15G    Sir  0.  Brewster's  ^^^pfy  ^  ^  Astronomer  Koyai 

honour.  No  doubts  were  expressed  to  me  ebout  the  Mcomcgr 
of  my  ezperimentSy  and  no  explanstions  asked ;  and  being 
aecidentaUy  in  Edinburgh  on  toe  6tb  of  January,  the  reading 
of  the  announcement  at  the  meeting  of  the  Royal  Society  that 
eveninff  was  the  principal  intimation  1  received  of  the  adjudica- 
tion otthe  prize.  Prof.  Forbes,  the  Secretary  to  the  Physical 
Class,  was  then  the  represetifntive  of  pli^sical  .science  in  the 
Council.  I  knew  thnt  hf  had  iiKidc  many  experimenls  on  tlie 
flclum  of  absorbeiit  nietlin  on  liie  t^[»lar  >[H'ctruni,  and  I  have 
no  (iouht  that  he  observed  the  great  iundatuental  fac  t  described 
by  Sir  Juliu  Herschel  and  myself,  which,  if  a  truili,  settles  the 
ijueslion  between  Mr.  Airy  and  nie. 

It  would  appear  that  in  tne  year  188$  Mr.  Aity  made  experi^ 
ments  on  the  spectrum.  He  could  not  see  any  change  of 
colour  in  the  spectrum  produced  by  absorbent  media,  and  he 
mentioned  this  result  orally,  and  from  recollection,  at  a 
meeting  of  the  Cambridge  Philosophical  Society.  He  did  not 
consider  his  experiments  worthy  ot  being  preserved,  for  he  did 
not  even  copy  tlieni  from  his  pencilled  notes:  he  did  not  think 
them  deserving  of  publicatioii ;  and  yet  Dr.  Whewell,  the 
Hititorian  of  science,  takes  them  np  /o/^r  yenrs  afierwartls,  and 
setting  aside  Sir  John  Herschcl's  experuia-nts,  wliich  he  may 
not  linve  known,  and  nnnc  \\ljich  he  did  know,  and  holding 
cheap  the  decijsioii  of  the  Koyal  Society,  of  w  hich  he  probably 
was  also  ignorant^  he  adduces  the  experiments  of  Mr.  Airy, 
without  mentioning  hu  name^  as  hostile  to  mine,  by  stating 
that  my  frets  were   denied  bj  dker  ewpcrmenien," 

Hits  gratuitous  challenge  of the  accuracy  of  my  experimentSi 
on  anonymous  authority,  was  animadverted  upon  in  one  of  the 
reviews  of  Dr.  WhewelFs  work ;  and  upon  publishing  a  second 
edition  of  it,  he  naturally  applies  to  nis  anonymous  experi« 
menter,  who  turns  out  to  be  Mr.  Airy.  Without  making  a 
single  new  experiment,  without  even  having  recourse  to  his 
pencil  notes,  which  he  seems  lo  Itnve  lost,  the  Astroiuiim  r  Royal 
authorizes  the  Master  of  Trinity  to  refer  again  to  liis  L\[)eri- 
ments  as  invalidating  my  analysis  of  solar  light.  Dr.  W  hewell 
has  of  course  done  this;  but  he  has  dune  it  in  a  note  so  ex- 
ceptionable in  its  argument,  and  to  me  so  unintelligible  in  its 
interrcgpitories^  that  I  am  most  unwilling  to  criticise  it  He 
adn  me^  for  example,  if  it  is  meant,  that  is»  if  I  mean»  that 
Newton's  experiments  prove  nothing?  Who  ever  said  that 
they  proved  nothing  ?  Newton's  ;7rM»ur^«panalvsis  of  the  speo* 
tnim  is,  in  my  opinion,  one  of  the  greatest  of  his  discoveries. 

Or,"  he  adds,  "  is  Newton's  coticltm'ou  allowed  to  be  true  of 
light  which  has  not  been  analysed  by  absorption  ?**  To  this 
I  r^ly,  that  Newton's  conclusions  respectiug  tlie  apparent 
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division  of  the  spectrum  Into  seven  colours,  and  their  di£ferenoe 
of  refrangibility,  is  not  in  the  sHghtest  desree  affected  by  the 
results  of  my  uiialysis.  "And  where*"  he  continues,  <<are 
we  to  find  such  light  since  the  atmosphere  absorbs  ?"  I  again 
answer,  that  Newton's  prismatic  analysis  must,  of  course,  be 
the  analysis  of"  lij^lit  after  it  has  experienced  all  the  actions 
which  it  i)as  undergone  in  passiuf^  throuf^ii  the  ainiospheres  of 
the  sun  and  the  earth  ;  but  if  I  niisaj)preheud  llie  object  of  the 
c|iie-ii()n,  it  may  be  otherwise  aiiswertMl  by  staliijg  that  light 
which  has  not  suffered  absorption,  and  which  does  not  want  a 
single  definite  ray,  may  be  found  in  the  white  artificial  Humes 
with  which  we  are  all  niroiliar.  I  have  distinctly  stated  in  m  v 
original  memoirf  what  Dr.  Whewell  seems  not  to  have  read, 
that  Newton's- analysis  of  light  by  the  prism  is  perfect,  so  far 
as  it  goes;  but  Newton  committed  a  mistake,  if  mistake  is  the 
proper  term,  when  he  asserted  that  to  the  same  relrangibiiity 
always  belongs  the  same  colour. 

Having  authorized  Dr.  Whewell  to  refer  again  to  his  ex- 
periments on  absorption,  the  Astronomer  Uoynl  has  thought  it 
necessary,  in  ordertojustify  the  reference,  to  publisii  ccoHec- 
tions  of  these  experiments.  This  istliefirst  time  in  tlie  annals  of 
science  thuL  the  recollections  of  experiments  Ijave  been  given 
to  the  world.  A  philosopher  in  his  decline,  when  his  failing 
sight  and  his  trembling  hand  are  no  longer  fit  for  the  delicate 
operations  of  experimental  inquiry,  ma^  be  exctised  for  calling 
up  the  recollections  of  his  manhood  m  support  or  in  refata- 
tion  of  some  exciting  speculation ;  but  no  apology  can  be  made 
for  those  who,  with  the  means  and  the  leisure  for  repeating 
their  experiments,  bring  forward  their  recollections  to  discre- 
dit or  to  overturn  the  researcl>es  of  otliers  who  have  laboured 
patiently  and  successfully  in  the  same  field  of  scientific  re- 
search. 

In  the  present  case  these  recollect  tons  have  a  still  more 
peculiar  character:  they  are  adn)itte<l  by  their  author  to  be 
^*  only  negative/*  *^  Of  the  results  of  these  experlmen ts,"  says 
the  Astronomer  Royal,  ^^Ican  give  little  more  than  the  iingle 
negative  one^—ihat  no  change  was  produced  in  the  gmUtiee 
the  colours"  These  recollections  have  still  another  peculiarity. 
Relating  as  they  do  to  colours,  they  are  the  recollections  of  a 
person  who  confesses  that  he  has  no  memory  for  colours,  and 
so  inipi  rfct  i  are  they  that  he  forgets  the  names  of  the  miscel- 
laneous contents  of  a  chemist's  shop  through  which  he  viewed 
the  spectrum,  and  he  remembers  only  the  *'  port  and  porter" 
of  his  own  cellar.  Mr.  Airy  cannot  even  tell  us  what  he  ac- 
tually saw  when  he  absorbed  the  sun's  ruy:^  by  snjult-blue  glass, 
port  and  porter.   He  does  not  describe  tne  spectrum  thus 
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produced;  but  merely  telle  us  thet  the  qualities  of  tbe  coloarB 
were  uacfaanged.   8&  John  HerMshel,  as  we  have  seen^  made 

the  experiment  with  the  same  ^lass  carefully,  and  describes 

the  results  of  it  minutely;  and  I  have  done  the  samei  and 
both  of  us  have  found  that  the  qualities  of  the  colours  loere 
(Jccidedly  changed.  But  Mr.  Airy  may  perhnps  have  made 
llip  experiment  more  skilfully  than  did  :  nnd  he  takes  credit 
lor  comparing  tlic  modified  wiili  ilu  iiinnodified  spertrnm.  and 
with  excluding  all  cxti  aueiMis  lisiisl.— precaution^  wijicli  olliei  s 
have  taken  lar  more  carefully  and  ellectually  than  he  did.  Willi 
all  these  precautions,  however,  he  neglected  the  most  important. 
He  received  bis  spectram  upon  a  paper  screen  I  and  while  be 
was  viewing  it,  his  retina  was  influenced  by  all  the  varkHM 
colours  which  ^one  in  hb  modified  and  unmodified  speeUrom. 
In  the  experiments  of  Sir  Jolin  Herschel,  I  believe^  but  oer* 
tainly  in  my  own,  not  a  ray  of  light  entered  the  room  but  what 
passed  through  the  narrow  slit;  the  retina  vcas  our  screen^ 
and  the  absorbinrr  medium  was  held  close  to  the  eye  nnd  itn- 
medif!te!v  bcliind  the  prism,  tlic  nnh/  ?net/iod  of  obtiiinin^  the 
purest  spec  trum  from  a  I'um:  ]n  i^i;i.  I  have  now  !u  toie  me 
n  modified  nnd  an  uiimoddicil  s])eclrum.  I  can  compare  any 
portion  ui  the  one  with  any  portion  ot  the  other,  or  I  can 
examine  it  alone ;  and  so  completely  are  the  colours  changed 
with  the  corolnnation  of  absorbents  which  I  employ,  tlial  I 
should  rmrd  the  person  as  colour-blind  who  does  not  see  the 
change*  In  the  striped  spectrum  which  I  have  described  in 
ny  paper,  the  phmnomena  are  still  more  beantiiul  and  in« 
structive. 

But  it  is  not  merely  by  absorbent  substances  that  the  qua- 
lities of  the  ^;pec!ral  colours  may  be  changed,  I  have  obtained, 
during  a  series  of  unpublished  experiment*^,  similar  eliects  from 
the  interference  ol  penciU  frnnsmiited  through perieclly  colour- 
less media,  nnd  prismaticaliy  analysed. 

Wluii,  ilieii,  1^  the  result  of  all  this  discusi»ion  ?  Hii'  John 
Her&chel  and  I  have  minutely  described  certain  experiments, 
in  which  we  have  proved  to  our  own  satbfacnon  and  that  of 
many  others,  that  absorbing  media  change  the  colours  of  pof^ 
tions  of  the  spectrum.  Mr.  Airy,  by  inferior  methods  as  1 
think,  but  by  superior  methods  as  he  thinks,  recollects  having, 
fourteen  years  n^o,  found  that  these  colours  were  not  changed  I 
The  Master  of  Trinity  records  the  last  of  these  results  as  un- 
doubted scieottiic  truths  and  strives  to  transmit  it  to  the  latest 
posterity. 

St.  Lconnrd*$  CoMe^r,  St.  Andrewf, 
February  o,  lb47. 
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XXIX.  Additional  Observatiom  on  HaiU  and  an  the  Organic 
Bodies  contained  in  HoMom^  4«»    %  AuGOmrs  Wai#- 

[With  a  Piate.] 

IN  a  preceding  Number  of  this  Journal  (Au<j;ust  181-6)  I 
have  stated  the  results  of  a  microscopic  observation  of 
hailstones  previous  to  their  fusion,  and  likewise  of  the  water 
iesulting  from  them.  It  was  then  found  that  this  water  con- 
tained particles  of  dilferent  shapes,  which  from  their  nuclcaicd 
Structure,  globular  form,  and  general  appearance,  were  evi- 
dently of  wtk  organued  nature,  Sineo  making  thoa  obterva* 
tioDs  I  have  had  an  opportumtir  of  repeating  them»  which 
ooemred  on  the  let  of  August,  when  London  and  the  country 
ui  general  were  visited  by  that  tremendous  storm  which  has  ' 
been  the  occasion  of  so  much  damage. 

AKgA»^in  my  neighbourhood  (Kensington)  there  occurred 
several  falls  of  rain,  which  continued,  with  a  few  intervals, 
from  about  1  p.m.  to  late  in  the  evening:  the  fall  of  water  was 
ncconipanied  with  frequent  peals  of  thunder  and  flashes  of 
lightning.  Willi  the  chops  of  water  particles  of  hail  were  oc- 
casionally found,  which  rarely  reached  the  size  of  a  bean.  No 
damage  was  done  to  the  hot-houses  in  this  locality.  Oiic  of 
these  hailstones,  perfectly  white,  wheii  exainiaed  under  the 
microscope  Id  the  ordinary  way,  presented  the  usual  appear- 
ance of  being  composed  of  minute  particles  of  ice,  somesphe- 
ncal»  others  of  a  more  irr^Uir  shape,  and  numerous  bubbles 
of  air  escaped  as  it  melted*  The  organized  substances  oon- 
latned  in  the  drop  of  water  which  resulted  were  numerous. 
Most  of  them  were  of  an  irregular  shape  with  angular  outlines. 
Others  were  globular;  and  some  of  these  were  completely 
black,  with  a  nucleus  in  the  centre.  With  higher  magnifyini^ 
powers  were  seen  green  globules  about  j^^'-t  th  of  an  inch  in 
diameter,  whicli  were  either  collected  in  clusters  or  adherent 
tof^ether  in  single  lines,  like  the  beads  of  a  rosary^  as  repre- 
sented in  fig.  1  of  my  former  paper  on  hail. 

In  oidei  lo  preserve  the  drop  of  water  for  a  ieiaui  e  exami- 
nation free  from  dust  in  the  atmosphere,  I  placed  it  in  a  little 
apparatus  nearly  air-tight,  which  will  be  described  hereafter. 

Aui^,  2««-The  drop  of  water  thus  secured  and  left  under 
the  microscope  was  found  unaltered  in  size^  but  tlie  orgpp 
nized  matter  had  entirely  altered  its  apnearance.  Soma 
of  the  organiaed  particles  bad  given  off  filaments  m  varions 
directionsi  as  lepresentad  in  Flate  l.t»  presenting  the  ap- 

*  CommciiiiMted  hf  the  Aothor. 

f  The  magnifyinf^  powers  iiiuler  which  the  objects  arc  represented  in 
thia  plate  are  foUuws :— Fi<,'.  1.  oMgoifiod  diM  diaiDeter*,  200  dia- 
meters, «uid  Ij^.  ^  300  UiameUra. 
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pearance  of  hollow  tabes,  jointed  at  interraby  witb  a  iew 

branches  or  subdivieions  geoerally  arising  at  the  joints*  The 
particles  which  gave  rise  to  this  vegetation  appeared  to 
roe  to  belong  to  those  which  I  have  before  described  as  the 

irregular  angular  particles.  Among  these  one  or  two  infu- 
soria were  likewise  seen,  niovinrr  about  with  great  rapidity. 
When  at  re^t  lIu  ir  form  was  oval  (A),  btit  wlien  in  motion 
their  anterior  extremity  fre(|uenlly  became  elongated,  as  at  H. 
Their  organization  was  extremely  simple;  no  filaments  nor 
appeiuiages  of  any  kind  were  to  be  detected  about  them. 
Their  interior  had  u  granulated  appeanincL.  All  these  cha- 
racters indicate  that  they  belong  to  the  gtuus  UveUa  of  the 
MonadinsB^  and  probably  of  the  species  Uoella  gUmcoma 
(Ehrenberg).  C  represents  one  perfectly  circular,  which 
was  in  a  state  of  ccmstant  motion,  revolving  round  Hs  centre* 

At^,  8. — ^The  vegetable  filaments  had  greatly  augmented  in 
nnmber.  Small  elongated  cells,  as  represented,  could  be  seen 
at  various  places,  as  if  forming  the  first  elements  of  the  tubuloos 
branches  spread  out  around  them.  The  infusoria  had  like* 
wise  fxrealiy  increased  in  number. 

Aug,  4. — The  same  appearances  were  presented  as  the  day 
before.  Scarcely  any  alteration  conid  be  detected  in  the  ve- 
getable and  animal  bodies:  the  last  were  as  active  in  their 
movements  as  before.  1  purposed  to  continue  these  observa- 
tions every  day,  in  order  to  ascertain  their  future  changes; 
but  unfortunately  by  soma  accident  one  of  the  slips  of  ipasa 
bdonging  to  the  apparatus  was  broken^  and  in  consequence 
the  water  qutcklv  aried  up»  so  that  when  next  ejuuninied  the 
infusoria  were  k>und  to  be  dead.  The  further  addition  of 
water  was  ineffisctual  to  restore  the  vegetable  particles  to  life. 

For  the  purpose  of  repeating  these  observations,  and  likewise 
for  many  others  of  a  microscopic  nature,  the  little  apparatus 
which  I  have  made  use  of  will  be  found  very  serviceable.  It 
consists  of  a  smnll  ^(puire  piece  of  sheet  caoutchouc,  more  or 
k>s  thick  acconUng  as  it  niny  be  required,  with  an  aperture 
cut  in  tile  centre  about  the  size  of  a  shilling.  On  each  side 
of  it  are  placed  two  slips  of  glass  oi  the  same  size,  whicli,  by 
a  moderate  degree  ol  pressure,  may  generally  be  made  to 
adhere  to  it  so  strongly  as  to  render  the  little  air-chamber, 
where  the  india-rubber  has  been  cut  away,  perfectly  secure 
fironi  all  access  of  dust  and  nearly  air-  tight.  When  the  ghisa 
does  not  essily  adhere  to  the  caontchottc»  this  last  may  be 
rendered  sufficiently  glutinous  by  heating  it  moderately.  In- 
stead of  glass  the  plates  may  be  of  thin  mica,  which  adheres 
still  better;  and  from  being  so  much  more  thini  will  allow  of 
the  employment  of  the  highest  magnifying  powers  without  the 
possibility  of  the  access  of  foreign  matter.   I  have  sometimes 
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used  a  metallic  framework  with  a  screw,  by  means  of  wbich 
the  whole  is  rendered  perfectly  air*tight)  and  the  glasses  may  be 
pressed  nearly  into  immediate  contact,  but  in  most  cases  this  is 
superfluous.  As  an  instance  of  its  efficiency  in  preventing  all 
evaporation,  T  mny  stnte  that  I  linve  preserved  vHccinc  lymph 
in  a  fluiil  state  in  this  manner  durini^  nioie  than  two  months, 
with  merely  the  assistance  of  a  tiegreo  ol  piessure  on  the 
glasses,  in  the  fiisi  instance  stciired  by  a  lew  turns  of  wire. 
This  is  decidedly  the  niOil  clFectual  mode  ot  preserving  this 
substance  fit  for  use  at  any  moment*  A  few  of  the  same  kind 
of  apparatus  in  the  pocket*book  will  be  found  most  useful 
companions  to  the  microscopic  observer,  when  the  slips  of 
glass  in  ordinary  use  are  Inapplicable. 

Although  the  existence  of  organized  particles  in  the  upper 
regions  of  the  atmosphere  appears  at  first  very  improbable, 
we  shall  find  that  several  facts  exist  u  hich  much  decrease  this 
apparent  improbability,  and  even  some  that  appear  to  corro- 
borate tiiis  statement.  M.  Boussingault  has  found  that  organic 
matter  may  invariably  be  detected  in  the  atmosphere.  It  is  true 
that  his  experiments  lia\  c  been  confined  to  the  lower  almosphe- 
l  ic  strata,  aiid  it  would  be  very  desii  able  to  ascertain  whether 
they  hold  good  for  those  which  are  several  thousand  feet  above 
the  sea*  The  same  may  be  detected  In  rain-water ;  and  what 
is  still  more  to  the  point,  I  find  that  M.  Girardin  (Aeadimie 
dei  ScteneeSf  April  1834)  has  detected  in  the  water  resulting 
from  the  fusion  of  hailstones,  a  strongly  azotissed  organic 
matter,  and  also  lime  and  sulphuric  odd  without  any  trace  of 
ammonia  being  present."  The  frequent  vegetations  in  snow 
show  Ht  what  a  low  temperature  the  vital  principle  may  be 
sustained.  Tiie  red  and  green  appearance  assumed  by  it  has 
been  found  to  be  produced  by  the  Htrmaiococcus  nivalis  and 
the  Protococais  viridisy  as  these  plants  have  been  termed,  and 
wliich  are  probably  the  same  species  at  different  periods  of 

Eowtii,  which  have  been  found  to  penetrate  many  inches 
low  the  surface  of  the  snow.  These  vegetations  are  found 
under  the  microscope  to  consist  of  minute  globules,  some 
green  and  transparent,  about  the  size  of  (H^*(ft  to  0"^'05 ; 
others  red,  generally  larger  than  (he  former,  and  frequently 
arranged  in  single  rows,  like  the  beads  of  a  necklace,  adherent 
together.  The  globules  are  found  of  all  intermediate  tints 
between  the  green  and  the  red,  and  likewise  others  of  h^rger 
dimensions  of  a  red  colour,  about  0"^'"'05  to  the  0'"'"-055, 
which  have  a  more  compound  structure,  as  within  them  are 
seen  several  granules  or  suialler  globules,  which  was  not  the 
case  in  the  two  former*  M.  Martens  states,  that  in  some  of 
these  globoles  microscopic  infusoria  may  be  detected  (see 
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KmtiB^s  Meteorology).  I  am  not  ewm  libat  tlie  origto  of  tfaie 

vegetatioii  in  mow  has  ever  been  satisfactorily  accounted  for; 
but  when  we  consider  how  widely  this  vegetation  is  diffused, 
and  the  depth  to  which  it  pcnetrntes,  il  does  not  appear  un- 
likely thnt  il  iDBv  have  talien  with  the  snow,  in  the  snme  man- 
jier  as  lii  ■  oi  i^nnic  bodieti  in  hai!  are  brought  troin  the  upper 
regions  oi  llic  atmovjihere.  Fni  ilier  observations  must  deter- 
jnine  how  far  lliese  surmises  are  correct,  and  whether  these 
bodies  are  not  the  same  in  both  cases. 

Again,  in  the  hands  of  Ehrenberg  the  mkroecope  baa  bean 
the  means  of  detecting,  in  dust  falmi  on  ships  in  tne  Athntk^ 
the  remains  of  above  siz^  difierenft  species  of  infusoria.  Mr. 
Darwin,  in  his  interesting  the  Transactions  of  the 

Geological  Soeietyt  mentiona  that  dust  has  been  collected  in 
this  manner  at  a  point  midway  between  Senegal  and  Cayenne. 
The  distance  to  which  volcanic  ashes  may  be  conveyed  bv  the 
higher  atmospheric  cm  rents,  in  a  liirection  contrnry  to  that 
of  the  lower  prevailing  w  iiui'-,  is  well  known,  "^riic^e  lacts 
being  duly  weighed,  the  ti  t  (pient  and  even  habitual  existence 
ot  ujinule  oypLoganiic  spot  liien  anil  infusorian  ovules  in  the 
higher  regions  oi'  the  atmosphere,  where  hail  is  formed,  will 
not  appear  mote  incredible  than  the  continued  suspensioD 
of  gtoboles  of  water  composing  doods;  whidi  ^jiobules, 
as  measuMd  bv  diffraction,  are  round  of  &r  greater  sise  than 
the  former.  The  relaticm  between  the  presence  of  thcee  pai^ 
tides  and  other  phenomena  of  meteorology  remaiaa  lo  be 
determined,  and  now  far  they  may  be  regarded  as  accom- 
pR!iyinir  nnd  detector  agents  of  other  atmo«?pher!c  conditions 
iollowing  or  precediiiLi,  tliem;  and  whether  the  infusoria  and 
the  crypfognmia  are  the  same  at  all  seasons  of  the  year; 
wheliic!  the  locality  in  wliic  h  they  are  collected  has  any  influ- 
ence; and  lastly,  vvhetlier  ihey  utu  the  same  in  hail  and  water 
falling  at  about  the  same  time. 

In  meteorology  water  likewise  praents  itself  in  what  is 
termed  the  vesicular^  as  in  clouds  and  fogs,  in  the  oonditioa 
of  rain,  snow  and  ftost.  In  a  paper  which  was  read  before 
the  Royal  A>ciety,  and  which  will  appear  m  the  Pbil<»ophical 
Transacttona,  1847,  will  be  found  some  experiments  of  mine 
upon  water  in  the  first-mentioned  condition;  with  regard  to 
the  others  1  shall  confine  myselt  to  the  following  remarks. 

The  transformation  oi  fogs  irito  rain  is  trecjuently  taking 
place  aroimd  us.  Fogs,  which  at  first  are  w  hat  is  termed  dry 
fogs,  bcarcti  y  |  lo^sessing  the  power  of  moistening  surrounding 
objects,  uilei  u  ume  are  found  to  deposit  numerous  small  glo- 
bules of  water,  which  as  long  as  they  remain  attached  to  ro^ 
Bute  filanMnU  retain  their  spherical  Ibrro,  but  when  In  onk 
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tact  with  other  bodies  moisten  them  like  common  rain.  This 
may  be  regarded  as  similar  to  the  formation  of  rain  in  douds, 
except  that  it  is  on  a  much  smaller  scale,  as  the  thickness  of 
the  stratum  of  the  fo^  is  much  less  than  the  strata  of  clouds, 

as  measured  by  M.  Peytier. 

We  may  examine  the  minute  particles  of  rain  or  fogs,  as  I 
have  already  shown,  bv  pnssini^  the  air  which  contains  them 
through  essence  of  turpentine,  lowered  a  few  degree^  IjlIow 
the  common  temperature.  They  are  liien  left  behind  \n  the 
liquid  ;  buL  at  the  ^utne  lime  they  are  mixed  with  others  which 
arose  from  the  condensation  of  the  water  contained  in  the  air 
in  an  elastic  condition.  Difficulties  exist  with  regard  to  the 
measurement  of  the  globules  while  floating  about.  This  is  an 
objection  to  the  employment  of  (his  method  of  fixing  the  glo- 
bules. I  have  therefore  endeavoured  to  use  another  means 
of  observing  these  particles,  and  for  this  purpose  have  ex- 
amined them  as  they  exist  on  the  filaments  which  compose  the 
spider's  web. 

In  order  to  examine  these  globules  in  sifu,  it  will  be  found 
convenient  to  make  use  of  two  square  frames  of  sheet  cork  of 
equal  size,  about  two  or  three  inches  square.  These  are  to 
be  placed  on  each  side  of  the  web,  then  pressed  together  and 
bound.  The  whole  of  the  web  interposed  may  then  be  re*- 
moved  with  the  globules  in  statu  quOf  which  may  then  be  sub- 
mitted to  the  microscope  and  measured.  The  globules  may 
sometimes  be  as  small  as  yj^j^th  of  an  inch,  which  is  less  than 
the  globules  of  the  clouds  in  some  instances  as  measured  by 
Kaemtz.  But  generally  these  globules  arc  much  larger. 
They  will  be  found  placed  at  regular  intervals,  and  while 
undisturbed  show  little  tendency  to  coalesce;  but  when  taken 
into  a  warm  room  they  appear  to  lose  with  iIjc  increase 
of  teiuptraturc,  their  cohesion  to  the  line,  aiul  easily  run 
off,  coalesce  with  each  other  and  rapidiy  evaporate;  while  so 
doing,  instead  of  a  globular  form  they  become  elongated  ellip- 
soids, with  the  long  diameter  in  the  direction  of  the  spider's 
line  running  through  them.  Jn  the  same  fog  I  have  found 
these  globules  always  of  the  same  dimensions.  When  the 
webs  are  examined  over  the  extent  of  one  or  two  miles  at  least, 
but  in  different  fogs,  their  sixes  are  very  different.  It  is  ne- 
cessary to  warn  the  observer  respecting  an  error  that  might 
be  easily  made  in  exainniiiiL^  the  web  of  the  common  spider, 
because  m  its  natural  state  it  is  found  covered  with  minute 
globules  or  beads,  which  contribute  probably  to  secure  the 
prey  of  the  animal.  These  Leads  are  arranged  with  ^reat 
symmetry.  Thus  at  nearly  equal  distances  will  be  found 
globuiei»  as  in  fig.  2,  and  between  them  others  smaller  dia- 
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posed  with  equal  regularity.  We  may  distinguish  them  mdiljt 
masmnch  as  the  globules  of  water  soon  disappear^  whereas  these 
beads  are  permanent,  and  unafTected  by  the  vacuum  of  the 
air*pump.  Mr.  Blackwall  lias  described  them  hX\y  in  the 
Transactions  of  tlie  Linn  scan  Society. 

Numerous  particles  of  an  organic  nature  may  he  fletected 
in  rain.  But  this  iiiveatigation  is  liable  to  iiKitjy  errors 
which  do  not  exist  with  regard  to  hail;  because  a  solid  body 
of  ice  will  remain  c(Mi  tp!ctely  free  from  all  ("oreifrn  particles  in 
the  lower  strata,  and  or\\y  contains  tlin^c  \vliicli  wcvc  tixed 
within  it  at  the  momcnL  ot  its  solidilicatiun ;  while  iii  rain  we 
find  a  mixture  of  foreign  bodies  derived  from  various  sources, 
which  the  drop  of  water  meets  on  its  passage  from  the  poini 
at  which  it  is  formed  to  the  moment  of  reaching  the  groundy 
such  as  dust  raised  by  the  wind,  pollen  of  flowers^  and  in  the 
neighbourhood  of  towns,  particles  of  soot  oontinoidly  floating 
in  uie  atmosphere.  It  therefore  requires  great  care  to  avoid 
coming  to  erroneous  conchisions  respecting  the  nature  of  the 
body  under  examination,  and  also  to  detect  the  existence  of 
organic  particles  in  the  midst  of  others  which  mask  its  ]ire- 
sence.  For  these  reasons  I  avoid  entering  any  lurther  upon 
this  subject  at  present,  altliuugii  deposits  of  rain-water  have 
presented  under  the  microscope  several  particles  of  an  organic 
nature. 

The  most  prevailing  forms  which  the  particles  oi  snow  in 
flakes  assume,  are  minute  acicular  crystals  irregularly  grouped 
together,  small  regular  rhombic  prisms^  often  modified  by  se- 
condary planes,  and  double  six-sided  pyramids^  like  the  cry- 
stals oisulphate  of  {lotash.  The  more  regular  particles  are  ce- 
nerallv  found  deposited  on  others  more  irregular,  arrangedin 
wreaths  and  various  other  shapes.  A  globular  nudeus  with 
small  pyramids  upon  it  is  a  frequent  form  in  flakes  of  snow. 
Separate  particles  of  snow  affect  much  more  regular  forms.  In 
these  the  hexagonal  form,  or  some  tendency  to  assume  it,  is 
generally  remarked;  and  examples  of  all  the  forms  given  in 
Scoresb}''s  voyage,  and  of  others  still  more  cuni})lex,  may  be 
detected  by  the  microscope  in  snow  of  this  climate.  The 
spongy  deposit  lurmcd  on  the  outside  of  vessels  coiiiaiuing  a 
freezing  mixture  is  found  under  the  microscope  to  present 
crystalline  forms,  which  resemble.the  common  forms  foand  in 
snow  much  more  than  those  of  any  other  deposit,  snch  as 
frost,  or  the  arborescent  deposit  often  found  on  the  windows 
in  winter. 

In  these  experiments  the  hygrometric  conditions  of  the 
atmosphere,  the  degree  of  refrigeration,  and  even  the  rnpidity 
with  which  heat  was  abstracted^  appeared  to  exert  great  inflii> 
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ence  in  modifying  the  crysLailiiie  ionvis  that  were  obtained. 
In  the  same  fall  of  snow  a  great  utiilui  imiy  is  louikl  in  the 
forms  of  the  separate  crystals  and  of  those  which  compose  the 
flakw ;  BometitueB  there  is  only  one  prevailing  shape,  at  others 
dlflmnt  distinct  forms  exist»  fiilliiig  at  the  same 
time.  At  tlie  ooromenceroent  of  the  iall  the  forms  are  gene- 
rally more  regalar.  In  dUferent  foils  of  snow  the  forms  of 
crystalliaition  are  scarcely  erer  alike  or  liable  to  be  con- 
founded ;  and  even  after  a  temporary  cessation  these  are  found 
to  alter.  In  every  respect  we  fiu(]  the  closest  analoc^y  between 
the  form;Uu)u  of  these  crv^tnls  uud  those  ohtained  troin  solu- 
tions in  wliich  the  tenvperaiiii  o,  i^ri  c  <>(  C''>nflens?iiiou,  and 
repose  ot  the  liquid,  are  loiuui  tu  have  buth  jntlutnce.  Some 
observations  made  on  separate  occasions  will  belter  eluciduLc 
these  remarks. 

Jam  1845. — ^There  was  a  foil  of  8now»  the  flakes  of  which 
consisted  of  minute  crystals  of  an  octahedric  form»  placed  on 
adcular  ramifications  of  an  irregular  description.  Besides 
these^  small  globales  of  ice  studded  with  minute  pyramidal 
crystals  were  perceived  under  the  microscope.  The  snow 
examined  at  intervals  was  found  to  contain  spnerical  globules 
without  ]irojectinrT  crystals,  which  to\?nrds  the  end  of  the  fall 
of  H?)o\v  L't  iuiiifilly  increased  in  size,  and  might  be  termed  sleet, 
as  they  wcvv  visible  to  the  naked  eye:  sul)se(|uently  the  sleet 
gave  place  to  rain,  consisting  of  minute  drops.  It  is  impossible 
to  account  for  the  foi  niaiion  of  the  mace- like  particles  of  snow, 
without  admitting,  as  in  niy  experiments,  two  distinct  periods 
or  stages  In  their  development.  In  the  first  stage  the  globular 
particfe  is  deposited)  and  in  the  second  the  projecting  pyra- 
mids are  formed  from  moisture^  condensed  from  either  a  gasi- 
form or  a  liquid  state. 

Dee,  11, 1$46. — A  heavy  fall  of  snow  commencing  early  in 
the  morning,  which,  after  a  temporaiy  cessation  at  about  1 1 
A.M.,  continued  until  2  p.m.  Many  of  the  crvslals  were  very 
regular,  thin  plates,  which  presented  a  hexagonal  arrangement; 
some  closely  resembh  d  iii^.  15  of  Scor(  >-hy's  figures,  as  given 
in  Kajmtz's  Manual,  wiihuiit  the  pidj^  ci'.wj^  radii.  Some  were 
composed  of  a  very  thin  hexagonal  ^lar,  ai  uiiud  which  nearly 
circular  apertures  were  disposed  at  regular  intervals,  and  at 
the  exterior  of  these  six  radii.  The  flakes  were  composed  of 
irregularly -grouped  particles;  some  of  a  lanoe-shape,  sise 
of  an  inch ;  others  r^lar  six-sided  prisms»  liice  those 
of  frost,  about  ^^th  of  an  inch ;  and  lastly,  others  nearly 
globular. 

Dec.  12. — At  abojit  10  A.M.  there  was  a  slight  appearance 
of  snow  during  neariy  an  hour.   It  consisted  of  separate  par- 
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Mes,  which,  from  their  size^  form  and  colour,  nearly  resMO- 
bled  the  eggs  of  the  common  blow-fly*  Al  about  S  km.  the 
snow  fell  more  thickly,  nnder  the  form  of  amall  cooglomei** 
tions  or  balls,  varying  from  the  siie  of  half  e  pee  to  three  or 
four  times  lerger.  Aessed  between  the  fingers,  some  of  these 
pellets  of  snow  were  easily  crushed ;  only  a  few  ofiered  any 
degree  of  resistance.  To  the  naked  eye  they  appeared  to 
consist  of  spongy  crystalline  particles  :  under  the  microscope 
they  were  loiuui  to  he  composed  of  small  regular  crystals 
iicnrly  cubical,  mixed  with  others  moie  tt  reguiar  of  complex 
oui lilies :  the  regular  forins  were  exactly  similar  to  the  crystals 
of  froi>t  uikI  ihe  cube-like  oui  licies  ibuud  lu  the  buow  on  the 
day  preceding.  One  of  Uiese  balls  sabmitted  to  the  micro* 
scope  on  a  slip  of  glass,  be^zao  slowly  to  liquefy,  from  the  ooo* 
tact  of  the  glass  and  of  ue  surrounding  air.  As  this  was 
taking  place  the  liquid  was  diffused  by  capillarity  over  the  en- 
tire mass,  without  any  trace  of  noistoie  appearing  externally 
until  the  entire  ball  was  in  a  state  of  semi-fusion,  and  of  adoii 
and  semi-trnnsparcnt  white  like  a  small  hailstone:  at  the  same 
time  the  ball  contracted  in  size  n?id  assumed  a  hiconvex  or 
lenticular  slinpe.  Wliile  these  changes  were  taking  [>l;Ke  ihc 
crystals  became  fused  a?  tlie  angles  and  edges,  moM  ol  ihcm 
becoming  globular  and  ovular:  in  this  condiLion  several  oi  the 
balls  were  exposed  to  the  open  uii,  liieii  several  degrees  be- 
low the  freezing-point.  When  examined  the  next  morning 
they  were  found  perfectly  hard,  of  a  regular  lenticular  shape, 
of  a  dull  white  cokmr,  in  etery  respect  like  certain  hailstoiiei 
which  I  had  collected  during  the  summer.  Under  the  mi* 
croscope  elliptic  and  circular  particles  were  seen,  like  those 
composing  haibtones.  Previous  to  and  during  their  fusion, 
bubbles  of  air  were  seen  exactly  as  in  the  liailbtones,  though 
in  less  abundance.  Some  of  these  were  enclosed,  as  repre- 
sented at  }).  1U5,  vc).  xxviii.  Fhil.  Mag.  This  observation 
slidu  -.  in  a  direct  iiiauiier,  with  a  nnich  greater  degree  of 
precision  than  1  could  have  anticipaicJ,  the  process  of  for- 
nialion  ol  haii  as  it  takes  place  in  general.  In  the  first  place, 
an.  agglomeration  of  crystalline  partides,  probably  in  conse* 

auenoe  of  certain  vorticose  currents^  lakes  place  in  a  globular 
bape.  The  ball  of  snow,  thus  formed  by  the  capillary  attrao* 
tkw  which  it  possesses  from  its  porous  structure,  absorbs  any 
moistu  re  that  may  exist  around  it.  The  efifect  of  tliis  moisture 
is  twofold  ;  first,  as  modifying  the  angular  outlines  of  tlie  com- 
ponent particles ;  and  "-econdly,  as  binding  them  together  into 
n  consistent  mass,  which  iww  further  abstraction  of  caloric 
will  reduce  to  the  ^t;ite  of  a  li;iid  and  solid  hailstone.     It  the 

additiou  ot  moii»turt^  in  conaiUt^rable^  the  liquelaction  of  the 


Digitized  by  Googlc 


and  on  the  Organic  Bodies  contained  in  HaOstoneSf  ^c,  167 

mow  may  oontinue  until  all  traces  of  separate  crystalline  par* 
tides  have  disappeared  and  the  air  has  been  disengaged^  the 
whole  becomes  transparentt  and  still  capable,  by  its  low  tem* 
peratare«  of  eiusiiy  solidifying  and  forming  a  transparent  masa 

of  ice.  In  either  cnse  the  deposition  of  successive  layers  of 
transparent  ice,  or  of  confused  solid  grains,  may  be  accounted 
for  by  n  continuance  ot  the  same  actions. 

In  order  to  cxernplifv  this,  it  is  n{>t  requisite  to  coniliuMMir- 
sclves  merely  tosiiuw  aheudy  in  u  glubiilar  ;>tate;  any  kind  of 
snow  slightly  pressed  into  a  globular  shape  becomes  hardened 
and  modified  by  diffusion  of  water  through  it»  in  consequence 
of  slight  meltiiigof  its  particles.  According  as  this  is  more  or 
lesa  continued,  we  obtain  all  the  dull  white  tints  of  Tarious 
hailstones.  If  the  mast  thus  obtained  be  now  exposed  to  the 
air  below  the  freezing-point,  the  process  is  still  further  com- 
pleted by  its  entire  solidification. 

It  still  remained  to  be  seen  whether  the  conj^Ionierntions  of 
snow  conl  tiiied,  like  any  organic  particles.  J  was  desi- 
rous to  dele  rmine  this  point,  becjuise  I  consuiered  them  as 
beincT  much  less  liable  to  contmn  t(;reiifn  matter,  such  as  dust 
i!i,c.  ul  the  lower  strata  of  air,  ilian  liie  cuunnon  flakes  ol  snow: 
at  the  same  time  we  roust  admit  the  possibility  of  the  intro« 
duction  of  foreign  particles^  even  after  the  entire  formation  of 
the  bally  much  more  than  in  a  solid  body  of  ice  like  a  hail- 
stone. 

In  order  to  obtain  a  ball  as  free  from  impurity  as  possible^ 
one  of  the  hardest  was  selected,  and  after  the  exterior  parte 

hrul  l)een  carefully  brush pf I  ofF,  it  wrs  inclosed  in  the  little 
apparatus  before  described.  Several  conglomerations  were 
opcraii  i.1  upon  in  this  mamiLr.  In  tlicsc  tiie  foreigri  particles 
were  numerous;  they  idl  appeared  UTegular  nfid  of  an  amor- 
phous inorganic  nauue,  except  some  green  giubules  closely 
agglomerated  together,  some  in  large  quantities,  others  only 
eonsbting  of  groups  of  three  or  four :  their  size  was  about 
7^'jT^th  S an  meh,  and  they  were  very  similar  to  some  found 
in  nail,  the  vegetation  of  wliich  was  not  examined  (see  p.  105» 
vol.  xxviii.  Phil.  Mag.).  The  drops  of  water  resulting,  with 
their  contents,  were  examined  every  day.  The  first  two 
days  they  were  kept  in  a  room  which  averaged  a  few  dfr» 
grees  above  congelation  ;  no  alteration  of  the  particles  was  de- 
tected. The  third  day  ihey  were  exposed  to  the  ravs  of  the 
sun:  on  the  luurili  day  the  green  globules  had  emitted  slight 
fdamenls.  Every  succeeding  day  these  /ilaments  increased, 
and  near  them  were  transparent  granules  scattered  about 
which  increased  very  slowly,  as  represented  at  fig.  S.  I'hese 
vegeUtions  were  prwerved  for  more  than  a  month  by  occasion* 


Digitized  by  Google 


166      Dr.  Waller's  addiiiomU  ObsenxUiom  on  Hail^ 

ally  adding  a  drop  <if  dntiUed  water,  lo  ae  to  pfefwl  their 
oompiete  desiccatioii.  At  the  end  of  thb  time  the  grovp  of 
vegetation  had  bnt  slightly  increased*  but  around  were  several 
other  groups  of  vcgetatioos  of  the  same  nalore  which  were  not 

perceived  at  the  commencement  of  the  examination.  Their 
examination,  which  hitherto  had  been  made  ncnrly  every  day* 
was  tlieii  abaiuloniul  as  presenting  no  further  object. 

i\s  it  i^  ))()>sibie  tu  ili^tin^uibii  snow  of  diilerent  formations, 
its  iiiimitc  examination  made  simultaneously  by  dificrent  ob- 
servers over  a  considerable  extent  of  country,  would  enable  us 
in  all  probability  to  determine  several  interesting  points  con- 
neeled  with  the  finrmatioQ  of  snow«  By  their  aia  we  tni^ht 
ascertain  to  what  distance  in  certain  cases  tliesame  crystallnie 
form  is  preserved*  and  in  what  manner  this  is  eflected;  whefiier 
by  a  simnltaneoos  formation,  or  by  a  gradual  propagation  from 
one  point  to  another ;  also  at  what  rate  of  speed  this  is  effected* 

Tne  frequent  transformation  of  the  vapours  of  water  from 
the  gasiform  to  the  nebular  state,  commencing  from  a  small 
cloud  at  the  horizon  mid  rapidly  extending  to  the  whole  visible 
sky,  bears  a  close  analogy  to  tlie  action  of  crystallization  of 
bodies  in  soUitioii  ni  a  licjuid.  In  both  cases  a  molecular  ac- 
tion commciicinir  from  a  circumscribed  ]>oint  is  gradually 
piojiagated  to  the  eniiie  mass,  when  at  a  proper  degree  of 
saturation  in  the  liquid  solution  the  crystals  formed  are  all 
alike.  In  the  meteorological  phasnomenony  as  it  is  a  liijiiid 
that  fall%  the  crystalline  action  cannot  be  observed ;  bnt  the 
frequent  production  of  hail  renders  it  not  unlikely  that  the 
clouds  may  sometimes  be  composed  of  solid  particles. 

From  their  connection  with  the  precedii^p  remarks  I  will 
mention  the  following  experiments : — 

Exp.  1.  A  salunited  solution  of  sulphate  of  sodn  covered 
with  a  thin  coating  of  oil  was  allowed  to  cool,  and  remained 
at  rest  for  several  hours.  On  a  i^lnss  rod  being  brought  in 
contact  with  the  surface,  the  weii-kiiown  phenomenon  of  the 
solidiliLaiioii  of  the  solution  ensued.  Thespeed  at  which  this 
solidiiicatiou  travelled  from  one  extremity  of  the  tube  to  the 
other  was  at  about  the  rate  of  one  UntUt  in  forty  seconds.  The 
Qfystalline  particles  thus  formed  consisted  *of  long  actcuUe 

abont  TiVu^        ^^^^^  thickness. 

Exp.  2.  In  a  similar  solution  there  were  denoBitcd»  previous 
to  Its  solidification,  beautiful  transparent,  hara  crystals  which 
are  known  to  differ  from  Glauber's  salts  by  their  containing 
only  eight  ec^uivalenls  of  water  of  crystallization  to  one  of  salt. 
After  the  solidification  had  taken  place  the  cry<^tals  were  found 
to  In  changed  to  a  milk-white  colour,  althnui^^h  they  still  re- 
i4unt^d  the  some  shape.    Under  the  microscope  they  were 
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found  to  oooaistcf  ininQto  irregular  particles,  which  aceoanted 

*  Ibr  the  change  of  colour  and  opacity.  It  appears,  therefore^ 
as  if  the  molecular  actiooy  which  causat  the  solidificalion,  haa 
the  power  of  disaggregnting  or  breaking  tip  the  crystalline 

arraiigenient  of  a  body  in  a  solid  state. 

Exp.  3.  A  solution  of  sulphate  of  soda  which  is  not  satii« 
rated,  or  has  not  been  allowed  to  cooi  entirely,  is  affected  by 
the  contact  oi  a  forei^  both  much  more  slowlv.  After  the 
lapse  of  several  minutes,  the  iuriiiaiiuii  of  separate  clusters  of 
cmtals  mach  larger  than  the  former  is  observed :  after  abont 
half  an  hour,  these  dusters  were  seen  at  nomenms  intemiediale 
points  throi^^iout  the  length  of  the  tube,  which  was  several 
£set  long. 

Frost  and  snow  examined  under  a  magni^ing  power  are 
much  more  alike  than  we  should  expect  from  their  appearance 

to  the  naked  eye.  I  have  already  mentioned  the  small,  nearly 
cubical  prisms,  precisely  like  those  of  frost,  which  are  found 
in  snow.  In  the  foUowuig  instance  of  hoar-frost  the  likeneas 
is  still  more  complete. 

Dee,  28,  1846. — The  ground  and  all  minute  iilaments  were 
covered  with  abundant  crystals  of  frost:  iheruiometer  27  1. 
The  filaments  of  the  spider^s  web  were  studded  with  qpadrt- 
lateral  prisms  ranoed  transversely  along  the  threads.  In  the 
afternoon  a  slight^l!  of  snow  oocurredy  whose  particles  were 
exacdy  lik<>  those  of  Dec.  12,  except  that  they  fe\i  in  large 
flakes.  These  were  examined  together  with  other  particles  of 
frost  deposited  on  a  web,  and  found  to  be  precisely  the  same^ 
except  that  the  particles  of  snow  were  about  a  third  smaller 
than  those  of  fi  ost. 

Several  salt^  inanilest  a  peculiar  tendency  to  ascend  and  cry- 
stallize on  the  oitkjs  of  tlie  vessel  which  contains  them,  but  none 
of  them  so  greatly  as  water  when  it  solidifies  in  a  cavity  formed 
bv  moist  earth.  The  first  crystals  formed  are  considerably 
above  the  sor6oe  of  the  water ;  and  they  increase  until  a  solid 
crust  is  formed  by  them  and  the  cavi^  below  remains  perfectly 
dry.  Camphor,  naphthaline,  iodine  and  hydrosulphate  of  am« 
monia,  resemble  water  in  their  volatile  properties^  and  their 
tendeiMiy  to  solidify  in  a  ciystaUine  shape.  The  tendency  of 
the  first  to  deposit  itself  in  crystals  on  the  side  of  the  glass 
nearest  the  light  is  well-known.  Naphthaline  in  the  s^me  con- 
dition slowly  deposits  a  few  minute  crystals  on  the  banie  side  : 
after  the  lapse  of  a  luoMlha  few  scattered  clusters  of  them  were 
foriut  tl.  after  whicli  no  lurther  increase  of  them  was  perceived 
even  at  the  end  of  several  months.  Iodine  exposed  in  a  large 
bottle  to  the  sun  during  the  summer  formed  deposits  of  difiei^ 
ant  fovms  on  varioos  occasions,  but  all  composed  of  rhombie 
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platM  slightly  modlfifld*  Some  of  tibm  rhonbie  crystals  wm 
separate^  about  Ui«  tenth  of  an  inch  in  siae^  and  with  anglap 
of  ftboot  Bff  and  ISO^s  some  of  the  crystals  formed  long, 
thin*  oarrow  blades,  above  half  an  tnob  in  kngtbt  with  a  bright 
metallic  lustre:  on  llieir  edges  won  twoor  tbroo lodontfttioiui 
indicating  the  separate  crystals. 

Jlijdrosulphate  of  ammonia. — This  is  to  be  obtained  by  bring* 
ing  into  contact  ammonia  and  sul})iiurettcd  hydrogen  in  a 
gaseous  state  nnd  ))erfectly  dry  at  a  low  temperature.  We 
then  observe  die  iurmation  of  u  ^vhiie  ciybialline  depobii  un  the 
sides  of  the  vessel  in  which  the  gases  are  received.  Any  fuv^ 
tber  direotiona  respeodng  tb«  mcde  of  obtaining  it  will  bo  found 
in  Thenard's  Chemistry,  Berzelius,  &c. 

Hydroiolphato  of  amnioDia  is  io  extrimely  volalOab  that  a 
piaca  of  lint  wetted  with  sethar  and  placed  ill  aontaok  with  any 
part  of  the  bottle  which  oontaini  iW  oauaes  tha  salt  to  form  a 
dapoait  at  tha  inner  Mirlaoa  beneath.  Use  crystals  in  tbeia 
cases  are  frequently  very  regular  hexngonal  stars,  lilce  tliose 
of  snovv.  A  current  of  writer  falling  on  any  part  of  the  bottle 
rapidly  produces  the  same  liFect.  In  summer  it  generally  sub- 
limes to  die  upper  part  ut  the  botde,  on  account  of  the  greater 
heat  which  is  coimnunicnled  to  the  base  of  the  bottle  by  con- 
tact wiili  die  bhcli  i>ii  winch  it  placed.  In  a  clear  iu|«tit  die 
opposite  cllect  ii  produced  when  placed  in  contact  with  the 
ground.  But  it  is  particularly  when  employed  aa  a  difierential 
uiermoicopa  that  the  indicatlooa  of  this  aalt  era  intereilinA 
Thus,  during  a  ckar  night  the  aalt  rapidly  aecuaiiilataf  towaraa 
the  pointa  at  which  the  greatest  radiation  of  calorio  takes  plaeai 
A  bottle  containing  this  salt  placed  between  two  unequal  ra- 
diating surfaces,  indicates,  by  itc  change  of  po«iition,  the  dif- 
ference in  the  radiation  of  these  surfaces.  In  fact  wherever 
the  eqnnhle  distribution  of  caloric  is  tlisturbed  in  the  same 
di  reel  ion  tor  sonic  time,  the  altered  position  of  the  liydrosul- 
phute  serves  a!>  an  indicator  of  the  course  it  Ima  laiieii,  nnd 
the  forms  ol  the  crystals  show  to  a  certain  extent  the  rapality 
with  which  it  has  been  ellected,  because  where  the  action  is 
rapid  the  crystals  are  much  smaller  and  more  confused,  than 
when  it  baa  been  more  gradual.  It  is  surprising  bow  small  a 
difoence  in  the  radiating  power  iaaufficient  toaitar  tha  poai^ 
tion  of  the  atlt  when  properly  disposed.  I  will  noC  al  pre* 
sent  enlarge  any  further  on  the  thermoaoopic  propenias  or  tha 
hydrosulphate.  It  presents  all  the  conditions  oor responding 
to  those  of  water.  During  its  prsparation  it  it  fraqoantlj  ol»- 
served  in  the  air  in  a  state  of  microscopic  crystals  representing 
snow :  the  crystals  formed  by  rapid  evaporation  are  exactly 

like  tbabe&agoDai  plates  of  «aow«  A  mora  gentle  actkuigifaa 
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nm  to  orystaDttatbn^  lilw  those  of  frost  and  of  congealed 
water.  Altboi^h  wa  have  rarely  Men  it  in  a  liqoid  states  yet 
during  tummer,  under  the  influence  of  the  sun's  rays,  its  cry- 
stals become  perfectly  liqoid  and  assume  a  globnlnr  form,  and 
which  tliev  retniFi  as  they  again  solidify;  fonninrr,  in  these 
cfise'^,  conditions  oorrespooding  to  water  in  a  liquid  state«  ice 
and  sket* 


XXX.  On  a  Machine /or  Calculating  the  Products^  Qiioiients^ 
Logarithms^  and  Povcrrs  of'  Numhrrs.  Bi/  the  Rev.  Henry 
MosELEY,  M.A.,  I'. R.S.J  one  of  Her  Majesty'!^  Inspectors 
of  Schools,  and  lately  Prof  essor  of  Natural  PAtloiO^hj^  and 
Asirononiy  in  Kin^S  College^  London^, 

[With  a  I'hite.] 

I HAVE  proposed  to  mysLlI  in  the  construction  of  this 
machine,  to  deterniine  niLcliiuiicdlly  the  products,  quo- 
tients, logarithms,  squares,  square  routs,  and  othei  powers 
and  roots  of  ihcuaturul  numbers,  by  means  of  combinations  of 
greater  simplicitjr  than  have  hitherto  been  applied  to  the  pur- 
poses of  mechanical  calculation* 

The  aocompan  vi  1 1  Plate  II.  is  intended  to  illustrate  tbejprM" 
ciple  of  the  macbiney  but  it  does  not  show  the  mechanical 
details  of  its  construction  or  the  due  proportion  of  its  parts. 

It  will  be  observed  that  it  consists  principally  of  a  cone  and 
a  screw.  The  application  of  the  cone  and  the  disc  to  various 
purposes  of  mechanicn!  cnlculation  has  long  been  veil  known, 
and  particularly  by  tlic  infrcnious  applications  made  oftbe  disc 
to  liynainical  adnieasureuient  by  MM.  Poncelet  and  Morui. 

The  novelty  of  this  mnUwnmxi  con&iitU*  in  the  combuialion 
ot  the  screw  with  the  cone- 
CD  represents  a  small  screw  terminated  by  solid  cylindrical 
axes  or  gudgeons,  of  which  that  shown  by  the  letter  D  is  pro* 
longed,  and  carries  an  index  T.  The  scr^w  admits  of  being 
fixed  in  its  bearings  or  made  to  revolve  in  them* 

PQ  is  a  wheel  having  a  hollow  cylindrical  axis,  into  which 
Is  accurately  fitted  a  hollow  cylindrical  piece,  whose  internal 
surtace  is  traversed  by  the  thread  of  a  female  screw  worldng 
npon  the  male  screw  C  D. 

The  hollow  axis  of  the  wheel  PQ  admits  of  being  fixed 
upon  the  cylindrical  piece  inserted  in  it,  or  ot  being  disengaged 
from  that  piece,  so  that  the  wliecl  PQ  may  be  made  to  carry 
the  female  screw  round  witl»  it  in  its  revolutions,  or  to  turn 
freely  upon  the  outside  of  the  cylinder  which  contains  that 
screw,  as  upon  aw  axis. 

•  ComiDUQicftted  by  the  AutUor, 
N  2 


Digitized 


172    Bev«  H.  Moseiey  on  a  Maclanejor  OdculaUng  the 

The  three  wtm  of  the  wheel  PQ  are  pierced  by  apertures, 

through  which  pass,  accurately  fitting  them,  the  three  rods  of 
the  rigid  firatne  EF,  which  frame  turns  in  fixed  bearings  at  C 
and  u  upon  hollow  axes,  through  which  axes  pass  the  cyUn* 
drical  extremities  or  n^iidgeons  of  the  screw  CD. 

The  wheel  PQ  traverses  the  frame  EF  longitudinally,  and 
at  the  same  time  carries  it  round  with  it  in  its  rcvoltjtions :  and 
it  admits  of  being  yJ'.iv^/  upon  the  Jrame  at  any  distance  from 
either  exiremity.    Tiie  frame  carries  an  index  S. 

AGH  is  a  cone»  whose  side  AG  is  parallel  to  the  screw 
CD)  which  tttms  by  meens  of  a  spindle  AB  upon  fixed  bear- 
inffs,  and  which  Is  continually  pressed  upon  tne  ccigt  of  dm 
wheel  PQ  by  a  spring  acting  upon  the  extremity  of  its  spin- 
dle. The  cone  is  of  some  sofk  metal^  brass  for  instance. 
The  edgje  of  the  wheel  PQ  is  very  thin,  of  steel,  and  milled, 
so  that  it  imprints  a  minute  tooth  upon  the  soft  face  of  the 
cone  at  every  point  where  it  levolves  in  contact  with  it. 

The  spindle  AB  carries  an  index  II.  The  indices  K,  S,  T 
point  to  etjuidistant  divisions  upon  fixed  circles,  not  shown 
in  the  Plate ;  and  each  of  them  is  connected  with  a  train  of 
wheels  and  pinions,  whose  numbers  of  teeth  are  in  the  pro- 
por&m  of  ten  to  one,  and  which  serve  to  measure  the  com* 
plete  number  of  re?olntions  and  parts  of  a  revolution  made  by 
aacfa  index. 

Now  certain  dimensions  (hereafter  to  be  determined)  being 
assigned  to  the  diffisrent  elements  of  this  combination!  it  ^7 
be  shown, — 

J  St.  Tliat  if  the  frame  EF  be  fixed,  nnd  the  screw  CD 
lunicd  until  the  index  T  points  to  an\  i^nven  numhtT  and 
then  the  frame  be  released,  tlie  wlu  cl  PQ  Jixcd  upon  the 
frame,  and  the  cone  turned  until  the  index  R  points  to  any 
other  given  number  Nj,  then  will  the  index  S  point  to  the 
product  of  the  numbers      and  N^^. 

9nd.  That  i(  as  before,  the  frame  EF  be  fixed,  and  the 
screw  turned  nntil  the  index  T  points  co  any  number  N3,  and 
then  the  wheel  PQ  Xnt fixed  on  the  frame,  me  frame  released, 
and  the  cone  turned  until  the  index  S  points  to  any  other 
number  then  will  the  index  B  point  to  the  quoHetU  of 
byNy 

3rd.  Tliat  if  the  screx  CD  be  fixed,  the  wheel  PQ  and  the 
frame  reh^ased,  and  certain  other  adjustments  made,  and  if  the 
cone  hi'  tinned  until  the  index  S  point*?  to  any  number  N, 
then  will  the  index  R  point  to  the  lognrtthin  of  that  number. 

4th.  '1  hut  ii  the  spindle  of  the  cone  be  connected  witii  the 
axis  of  the  screw  Cl3  by  means  of  two  bevelled  wheels,  so  that 
the  rotation  of  the  one  shall  always  bear  a  ^ten  reUtion  to 
that  of  the  other,  then  the  firame  EF  and  the  wheel  PQ  being 
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bolh  released,  and  the  cone  turned  until  the  index  R  points 
to  any  natnber^  the  index  S  will  point  to  the  square  of  that 
number. 

Theory  ofihe  Imirument. 

Let  I  be  taken  to  represent  hall  tliu  aii<j;Ie  at  the  apux  of  the 
cone,  p  the  radius  of  the  wheel  PQ,  and  /.  the  distance  between 
eacli  two  threads  of  the  screw ;  also  let  /ip  n^t  represent 
several]/  the  nttml>ers  of  equidistant  divisions  on  the  circles 
to  wbidb  the  indices  T  severally  point;  then  will 

Hi        ^  represent  the  numbers  of  revolutions  made  se- 

Wj    «g  ir^ 

verallj  by  the  indices  whilst  the  numbers  Np  N^,  N3  are 
regutered.  Now  suppose  that  when  the  wheel  PQ  is  at  the 
apex  of  the  cone  the  indices  R,  S  anil  T  each  point  to  zero, 
and  the  frame  EF  being  fixed,  let  the  screw  CD  be  turned 
until  the  index  T  shows  the  number  No ;  then  will  the  screw 
N 

have  made  — ^  revolutions,  and  the  wheel  PQ  will  have  ad* 

vanced  from  tlie  apex  ot  the  cone  to  a  distance  AP  from  it^ 
represented  by  •  ^ ;  so  that  the  radius  PM  of  the  circle  de- 
scribed bythat  pointwhiisL  the  cone  revolves  will  be  represented 

N  N 
by      X  sin  u  and  its  circumference  by  2v  — ^  Asin  1.  Now 

let  the  cone  be  made  to  revolve  (the  wheel  PQ  being  fixed 
upon  the  frame  and  the  frame  released)  until  the  index  R  shows 

N 

the  number  N|,  or  until  the  cone  has  made  — ^  revolutions ; 

then  will  the  point  P  in  it  have  been  made  10  revolve  through 
a  space  represented  by 

«  No     .  N, 

«                    SvXsim  XT 
or  by   •  N.  N^, 

'  «iJl3         '  ^ 

But  by  reason  of  the  continual  pressure  of  the  cone  upon  the 
edge  of  the  wheel  PQ,  that  wheel  will  have  been  carried  round 
in  the  revolution  of  the  cone,  so  that  the  circumference  of 
the  wheel  will  have  described  precisely  the  same  space  as  the 
pouit  P  of  the  surface  of  the  cone ;  if  therefore  N,  represent 

the  number  pointed  to  by  the  index  S,  so  that  ^  represents 

the  number  of  revolutions  made  by  the  frame      and  wheel 
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N 

PQ,  and  therefore  2va  the  spitce  described  by  its  circoin- 
ierence>  W6  shall  have 

L«t  now  tha  quantitiet  tij,  n,,  7/3,  ^,  A,  i  ba  to  aaramod  tbal 

/«,xsini_\  

than  NfMNitNg.  (K) 

that  is  to  say,  the  number  N§  shown  by  the  index  is  the 
product  of  the  numbers  Nj  and      shown  by  the  indices  R 

andT. 
Dividiog  aqaation  (1.)  by 

 (••) 

whence  it  follows  that  if,  proceeding  in  other  respects  precisely 
as  before,  we  cause  the  cone  to  revolve,  not  until  its  own  index 
R  points  to  n  fj^iven  number,  but  until  the  index  iS  pt>int^  to 
the  ijivpn  number  N.^,  then  will  the  index  R  of  the  cone  show 
a  number  N,,  wliicli  is  the  quotient  of      and  N.^. 

To  adjust  the  instrument  to  show  the  logartiJims  oi  num- 
bers, let  the  wheel  PQ  be  brought  to  the  apex  of  the  cone^ 
aiid  let  the  screw  CD  Im  ffaEed»  and  the  index  S  then  made 
lo  point  to  zero.  Let  the  cone  dien  be  tamed  nntU  the  Indes 
S  points  to  unhy^  and  !n  this  position  of  the  cone  let  the  index 
R  be  made  to  point  to  zero.  The  frame  £F  being  then 
allowed  to  turn  freely,  and  the  wheel  PQ  to  traverse  freely 
on  the  frame,  the  number  N,  shown  by  the  index  R  will 
always  be  the  logarithm  of  the  number  N^shown  by  the  index  S. 
For  wiii!c  the  number  Nj  in  increased  l)y  the  exceedingly  small 
nuni!)ri  AN,,  let  the  number  N_,  be  uu k  n^er!  by  AN^;  the 
parts  ot  a  revolution  made  by  the  cone  atul  wiieel  respectivelv 
whibt  N\  and      receive  these  small  increments,  wiii  tiien  be 

and  - and  the  arcs  to  radiua  unity,  S»  and 

2»  Moreover,  the  wheel  PQ  havinir  made  re?oItt- 

tions  upon  liie jld:cd  scrcxv  CD,  have  been  carried  from 
the  apex  of  the  cone  to  a  distance  from  it  represented  by 
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^  X;  10  that  the  radius  PM  of  the  circle  in  the  act  of  being 

CMScribed  faj  the  point  P  upon  the  surface  of  the  cone  whilst 
tlic  nomben  AN|  and  AN,  are  being  registered,  will  be 

N 

— ^Xsini;  and  the  exceedingly  small  arc  described  by  that 
fig 

point  whilat  theM  numbers  are  r^tered,  will  be  represented 

Bot  thif  trci  described  by  Pnpon  die  oone^  is  equal  to  that 
described  in  the  Mune  tine  by  n  point  in  the  ciroumference  of 

AN 

the  wAge/p  which  last  is  represented  by  2r  — f  i 

or  passing  to  the  limit  and  kitegrating  between  the  limits  unity 

(^)N.=.og.  N,; 

.%  ^«  •««  / 

Let  the  quantities  p  be  so  assumed  lliaL 

sthfaslOl   08.) 

.%N»-iog,oNe   («.) 

whence  it  follows  that  the  number  shown  by  the  index  R 
(under  this  adjustment  of  the  Instrument)  will  in  every  positkm 
be  the  oommon  iognriihm  of  the  number  then  shown  dj  8L 

If  the  spindle  AB  be  made  ID  oarry  round  witii  it  the  screw 
CD  by  tile  interventiOA  «f  two  bevel  wheels  the  numbers  of 
whose  teeth  bear  a  given  ratio,  ft,  to  one  another,  so  that  the 
screw  CD  may  make  ?i  revolutions  or  parts  of  a  revolulion  whilst 
the  spiiuile  AB  makes  one:  if,  moreover,  the  wheel  PQ  be  no 
released  ii om  the  fmialti  screw,  which  forma  its  centre,  as  that 
the  outer  Mu  fiKc  ut  that  screw  may  serve  for  an  axis  about 
which  it  luuy  turn  freely  whilst  it  is  still  carried  along  the 
frame  by  tlie  longitudinai  motion  of  tlie  screw ;  and  if  the  in- 


andN^ 
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dices  be  all  made  to  point  to  zero  when  the  wheel  PQ  is  at 
die  apeK  of  the  coDe»  tneoy  representing  as  before  by  Np 

N 

N3  the  numbers  shown  at  any  time  by  the  indices,  n  - '  will 
represent  the  number  of  revolutions  made  by  the  screw  whilst 
the  number  is  registered  by  R,  and  therefore  h  the 
distance  AP  by  which  the  wheel       will  have  been  moved 

from  the  vertex  of  the  cone;  so  that       \  sin  1  will  be  tiie 

■"1 

radius  PM  of  the  circle  which  tiie  point  P  of  the  cone  is  in 
the  act  of  describing,  and  ^— ^  X  sin  i.Sv        the  small  arc 

which  it  actimUy  describes  whilst  the  increment  AN,  is  regis- 
tered by  the  ifidex  R.  But  AN^  being  at  the  same  time 
registered  by  Liie  niiiex  k>,  the  circumference  ut'  Uxe  wheci  will 

AN 

describe  a  space  represented  by  i 

ANg  ^     wN.    .  ^AN, 

ll|  111 


...  AN.=  (^-^).N.AN,. 


And  paaaiiig  lu  the  limii  and  integrating  between  the  limits 
zero  and  N|, 

lf«  therelbre^  the  (|uaotities  A,  n,  f^j,     ^| »  be  so  assumed  that 

~wr)=^  ^■^•^ 

then  N,.N,«,  (4.) 

and  N|=^N., :    .    .    .    .    .    ,    .  (5.) 

so  that  the  number  N.  shown  by  tiie  index  S  (under  this 
adjustment  of  the  instrument)  is,  in  every  position,  the  stju  u  e 
of  the  number  shown  by  the  index  R  :  and  conversely,  ilie 
number  shown  by  llie  index  liid,  in  every  puaition,  ihesijuare 
root  of  the  numbier  shown  by  S. 

If  a  second  frame  and  screw  and  whed,  similar  to  EF  and 
CD  and  PQ,  be  oonoeived  to  be  placed  parallel  to  the  side 
AH  of  the  cone,  and  if  the  cone  be  so  pressed  upon  die  edm 
of  both  these  wheels  as  to  carry  them  rmind  with  it  in  its  reviMu- 
tioii;  if,imn«ofer»tlieaxisoftliesecoiidsaewbesoeoiiiieoled 
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the  axis  ofahe  frame  £F  by  two  bevel  wheels,  as  that 
the  number  of  revolutions  made  by  the  latter  shall  bear  a  cer- 
tain fliven  ratio  tif  to  the  number  made  in  the  same  time  by 

the  rormer ;  then  will  the  number  N4  shown  at  any  time  by 
the  index  of  this  last  frnme  !)e  the  cube  of  the  number  N|  shown 
at  the  same  time  by  the  index  R. 

For  ^  representuig  the  number  of  revolutions  made  by 


N 

the  first  frame  £F  whilst  the  number  N,  is  regbtered,  nf 

will  represent  the  number  of  revolutions  made  in  the  same 

N 

tune  by  the  second  screw,  so  that  tif  — « ^  will  represent  the 

distance  by  which  the  second  wheel  will  have  been  niuved 

N 

fipom  the  apex  of  the  cone,  and  n'  —  \  sin  1  the  radios  of  the 

circle  whiclk  iu  uoiuL  of  coniacL  with  ihc  cone  will  be  in  the 

AN 

act  of  describing.   Moreover,  Sv — ^  is  the  angle  which  the 

cone  describes  whilst  ANi  is  registered  by  the  index  R ;  so 

N  AN 
that  It'     A  sin  I  .Sv       is  the  small  arc  described  during  this 

tkne  by  ^  point  of  contact  of  the  second  wheel  with  the  cone. 
Bat  the  increment  AN4  being  registered  during  Uiat  tune  by 
the  mdex  of  the  second  frame,  the  circumference  of  the  second 

wheel  will  describe  the  arc  *.2irp  (n^  representing  the  num* 

ber  (  f  equal  parts  into  which  the  circle  b  divided  to  which  the 
index  of  the  second  frame  points) ; 


,  N.         ^  ANi    AN.  ^ 


•I* 

i"ar  ^ 

but  NgSssN^^  ^by  equation  4) ; 

Thefeibre^  pMsing  to  the  Umit  and  integratini^ 

If  therefore  n!  be  60  taken  that 
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and  N,=  v'TT^;   (7.) 

so  that  uiuler  this  combination)  the  number  Nj  shown  by 
Uie  iiulcx  n\  sccoiul  frame  is,  in  every  positiun,  ilio  cube 
of  thatsbov  ii  by  liie  iiulex  R;  and  conversely,  the  number 
shown  by  the  index  li  is  (be  cube  root  of  that  showily  at  the 
same  lime,  by  the  index  oi  the  second  Irame. 

In  like  manner,  by  placing  any  number  of  like  systems  of  a 

ftmo^  lenw  Mid  wheel,  upon  the  etde  of  the  ooim^  the  thifd 
screw  receiving  ite  motkm  from  the  lecood  fnnne^  the  fourth 
from  the  third,  &>c.,  any  other  powers  of  the  number  Nd  or 
loots  of  the  nnmben  N0  N4,  &c.  may  be  coiioeived  to  be  deters 
mined,  the  power  shown  by  the  last  index,  or  the  root  by  the 
first,  being  one  greater  than  the  number  of  frames  so  applied. 

The  four  equations  of  condition  («.),  (/3*),  (y.),  (5.)  between 
the  nine  (j|uanutie«?  ?    ??  ,,  n,  r/,      1,0  leave  five  of  them 

undetermined.  Tiiese  are  to  be  assumed  of  such  values  as 
may  be  found  moRt  convenient  in  the  cuubtruction  of  the 
machine,  the  getin'ol  principle  of  which  it  is  the  object  of  this 
paper  to  explain. 

The  Plate  in  particularp  as  has  already  been  stated*  is  by 
DO  means  intended  to  show  the  details  of  the  constructtott 
of  the  maohine»  or  efen  the  general  proportions  of  its  parts, 
but  fimply  to  iliiistrttte  its  principle.  Inhere  are,  indeed,  some 
eleoieiits  of  its  eonstrttotion,  which,  for  the  sake  of  eimplicityi 
have  been  alt(3|;ether  omitted  from  it.  These  are  the  trains 
of  wheels  which  must  be  connected  with  each  uf  the  axes  car- 
rying the  indices  II,  S,  T  to  register  the  complete  numbers  of 
revolutions  made  by  those  iiulices,  aud  die  divided  circles  to 
which  the  indices  point,  sliowing  such  portions  of  the  num- 
bers N),  as  correspond  to  less  than  one  complete  re- 
volution. 

It  will  be  obvioua  iliat,  since  the  number  Ng  represents  (in 
the  first  adjustment  of  the  instrament)  the  product  of  the 
numbers  N|  and  the  divisions  on  the  circles  pointed  to 
bv  the  indices  R  and  T  must  be  greater  than  those  of  the 
eirde  pointed  to  by  the  Index  fi^  or  the  nnmbers  and  fig  less 
^an  the  number 

It  will,  moreomi  be  observedf  thai  the  instrument,  whilst 
it  differs  from  other  calculating  machines,  and  claims  to  be 
superior  to  tbem  in  the  simplicltv  of  its  combinations,  differs 
also,  and  is  inferior  to  tlx^n  in  this  re^pi^ct.  that  the  truth  of 
its  registrations  is  dependent  on  Uie  mechanical  accuracy  of 
its  construction. 

Those  elements  of  the  machiuei  on  the  mechanical  truth 
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ind  •diptarion  of  whidi  Ht  acoaracy  depihdiy  iif%-*-lsC,  tbt 

terew,  the  convolutions  of  wboae  thmd  miisl  be  of  gtM^ 

trical  uniformity ;  2nd,  the  cone,  whoM  sorfkce  must  be  of 

geometrical  truth;  and  3rd,  the  wheel,  whose  edpo  nn5<=t  have 
so  intimate  a  contnct  tc/7//,  and  hold  upon,  the  snrlhre  ot"  the 

cone,  as  to  partake  accurately  in  its  uiotioD  at  every  poiot 

which  it  traverser. 

My  experience  in  the  use  ot  a  siniilar  cone  and  wheel  in  a 
steam  indicator  constructed  at  the  expense  of  the  British 
AMMiatkm  of  Botenoe^  haa  oonfioead  me  that  ibt  requireil 
•eediMj  ia  la  tliia  lait  leapectattsiiialile. 

In  nspeet  to  the  two  flnt*iiiemioned  sou  roes  of  enor^  it 
may  be  observed  thai  there  are  no  meehanioel  forms  of  greater 
aiB{ilicity  than  the  cone  and  the  screat,  and  probably  none  lo 
respect  (o  which  greater  truth  of  construction  is  attainable. 

Everv  such  injjtniment  must  however  have  its  error;  its 
amount  m  respect  to  ihis  instninicnt  miiy  be  determined  by  nn 
obvious  metliod,  aiui  it  is  {irobaL^le  iliai  it  may  in  every  case  be 
corrected  by  a  corresponding  adjusiiiient, 

XXXI.  On  the  use  oj  a  mixture  of  Spirit  of  Wine  and  Cani' 
phinc,  as  a  Light  for  Optical  Purposes,    iiy  John  GEouciE 
Chilorek,  £sy.,  F,R.S, 

To  Richard  Tai^lory  Esq. 
My  dear  Sir,  WnUv^d  Place,  Feb.  1.%  1847. 

I  F  you  think  liic  loliowiiig  uiile  woi ih  inserting  in  the  Phi- 
losophical  Magazine,  it  is  at  your  service*  1  have  lately 
•Miatea  a  fiieod  in  getting  up  an  apparatua  ibr  dittolving 
view%  &0.  oo  a  acale  too  lar^c  for  sufficient  illumination  by 
the  bert  Argend  ]ai»p»  and  we  oonaidered  condenaed  hydrogen 
gaa  aa  too  dangerous  an  agent  for  a  plaything;  especial H'  In 
privale  houies  in  the  country,  where  much  must  i)e  lelt  in 
the  preparation  of  the  gases,  &c.  to  servants  unused  to  such 
duties.  We  set  to  work  tliercfore  to  find  a  substitute  that 
might  answer  our  purpc^e ;  and  after  a  few  trials  we  obtained 
a  tolerable  liglu,  by  tlirtnvln!^  tiie  Hanie  of  spirit  of  wine  on  a 
surface  of  quicklime  b}  a  t  iintnt  of  oxygen  gas,  somct-liiti^ 
after  the  manne  r  oi  Licui.  i^i  uinmonu'i»  uriglnui  expei  iintifiil'^ . 
The  illumination  by  the  flame  of  spirit  of  wine  alone,  however, 
proved  to  be  too  feeble;  but  by  mixing  n  portion  or  camphine 
(spirit  of  turpentine)  with  it  (which  readily  diaeolvee  ui  aloohol) 

•  mofepMesI  TVaiWMtiont,  ISee,  p.  Ml  DmmoMvf  s  el^eot  and 
eurs  were  fmncwliat  different.    He  waand  to  get  an  intense  but  small 

•phere  ttf  "  ndnpted  to  thr  r  nture  of  ri  (pnrn!>olic)  reflector:"  vfv 

alio  wanted  m  intenae  a  light  as  wo  couid  obtaua.  bu^  aa  we  could  not 
e*P«nttge<ra  iHlflOMri  eae  wkWi  AoeM  IBniiiN  eatead  over  a 
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in  the  proportion,  by  measure,  of  one  part  of  camphine  to  eight 
pnrts  of  spirit  of  wine,  of  tlie  specific  gravity  of '841  at  60**  F, 
(equivalent  to  the  spirit  of  commerce  of  60  ),  we  obtfiined  a 
light  amply  suiiicient,  not  only  for  my  friend's dissoh  in <r  views, 
but  also  for  his  microscope  and  physioscope,  and  perJectly 
free  from  all  danger,  or  even  possibility  of  explosion.  My 
friend's  screen  is  about  22  x  18  feet;  and  li  it  were  twice  as 
large,  the  light  is  quite  capable  of  illnminating  it  brilliantly ; 
and  it  shows  a  roicrosoopic  object,  magnified  from  half  an  inch 
to  thirty  feet,  or  720  times,  linear,  with  great  dtstinctoessand 
beauty.  I  do  not  mean  that  our  toy  can  be  compared  to  the 
almost  solar  intensity  of  the  oxv-hydnigen  Ifg^t^  also  invenied 
by  the  late  Lieut.  Drummond*,  and  now  in  common  (too 
common  ?)  me  ;  but  in  a  trial  I  made  the  other  day  in  Francis 
Street,  with  an  apparatus  hastily  put  (oc;rthcr  for  the  purpose 
by  Mr.  Collins,  I  found  its  effect,  measured  by  one  of  Wheat- 
stone's  phoiumettrs,  equal  to  that  of  seventy-six  of  BreckncU 
and  Turner's  behi  platted-wick  wax  candles;  and  in  several 
uials  Willi  our  own  upparatui»,  more  caretuUy  arranged,  and 
with  thorougjhly  well  and  recently  burnt  lime  (an  essential 
caution),  we  nave  ibond  it  quite  equal  to  108  of  the  same  can- 
dles, and  on  one  occasion  to  180 1  The  oxy-hydrogen  light  at 
Mr.CSollins's,  which  was  splendidly  briUiant,  being  compared  in 
the  same  manner*  was  found  equal  to  121  of  the  same  candles. 

In  these  experiments,  no  portion  of  the  rays  from  either  of 
the  lights  was  intercepted ;  our  object  being  to  ascertain  the 
comparative  illuminating  power  of  their  entire  surHweSy  and 
nut  their  comparative  intensities  onlyf. 

Were  it  not  for  the  peculiar  odour  of  the  -o-cnlkd  naphtha 
or  coal-oil,  wliich  to  some  persons  is  highly  oflensivc,  even  in 
its  purest  state,  it  might,  wlien  highly  rectified,  be  advan- 
tageously substituted,  in  an  oeconomical  point  of  view,  for  the 
spirit  of  srine.  Four  ounces  of  camphor  dissolved  in  a  pint  of 
tnat  liquid,  gives»  under  the  same  circnmstanceB^  neatly  as 
briQiant  a  light  as  the  spirit  and  camphine. 

The  light  from  camphine  alone  is  for  a  few  seconds  intensely 
brilliant,  out  it  is  soon  quenched  in  the  enormous  mass  of  w 
burnt  carbon,  which  partly  condenses  on  the  lime  and  partly 
escapes  into  the  atmosphere,  fillinfr  the  u  hole  apnrtmnnt  witn 
a  dense  and  almost  sufiiocating  cloud  of  floating  black  particles. 

*  Pbiiosopbical  Trauiactioos,  lS'<iO. 

t  Some  attempts  indeed  were  omde  in  Fnnds  Street  to  compare  tb« 
iatMuiliet  alone  {  but  the  uppmmtau,  from  waatof  tinatopraiMieabettsr, 

was  too  imperfect  to  allow  me  to  place  any  confidence  in  the  results.  As 
far  m  they  went,  they  were  grcutiy  in  favour  of  the  superior  intemUy  of  the 
oxy-by(b^en  Ught.  I  hope  to  repeat  the  triab  ¥ritli  a  more  refined  appa- 
latiit. 


Digitized  by  Google 


M«  Eucke  oti  the  Newl^  discovered  FlaneL 


181 


A  sufficient  and  ^well-reffulated  supply  of  oxygen  gas  might 
perhaps  remedy  this  de&ct. 

Our  apparatus  consists  of  a  copper  lamp  with  two  tubes 
lying  close  together,  and  each  containirif^  n  wick  formed  of 
flnt  cotton  rolled  up  into  a  cylinder;  niui  a  cylinder  of  lime, 
about  three-eighths  of  an  inch  long  and  one-tiii^litli  of  at]  inch 
in  diameter,  inclosed  in  a  thin  cupper  case.  1  iie  pipe  con- 
veying the  oxygen  gas  from  the  gasometer  terminates  in  a 
small  jet,  inclining  upwards,  which  lies  between  the  two  wicks 
slightly  parted  to  receive  it»  and  within  rather  less  than  one- 
eighth  of  an  inch  from  the  circular  disc  of  lime,  and  about 
one-iburth  of  an  inch  above  the  lower  edge  of  the  copper  case. 
We  find  that  the  common  chalk  of  this  neighbourhood  fur- 
nishes a  lime  which  gives  a  better  light  than  that  from  the 
Bristol,  or  any  other  limestone  we  have  tried*. 

Mr.  Collins,  philosophical  instrument-niaker  to  the  Royal 
Polytechnic  Institution,  makes  lanterns  for  dissolving  views 
and  microscopes,  fitted  up  with  the  spirit  and  camphine  light, 
and  will  be  liapny  to  show  its  effect  to  any  gentlenian  who  may 
wish  to  see  it.  His  address  is  "  2G  Francis  Street,  Tottenham 
Court  Road/'  and  at  the  Polytechnic  Institution. 

I  am  ever,  my  dear  Sir,  faithfully  yours, 

John  Georor  Children. 


XXXI 1.  On  the  Newly  discovered  Planet*    By  M.  ENCKEf . 

THE  new  planet,  the  orbit  and  present  position  of  which 
had  been  announced  a  priori  by  M.  \.e  Verrier  of  Paris, 
was  discovered  almost  immediately  at  the  Berlin  observatory 
by  Dr.  Galle :  the  very  first  night  the  Hora  XXI.  of  the  Aca- 
demy's star-maps  (wliich  have  been  prepared  with  such  extra- 
ordinary care  and  accuracy  by  Dr.  Bremiker)  was  compared 
with  the  heavenst  and  thus  anbrded  the  most  brilliant  proof 
of  the  truth  of  theory,  and  the  wonderful  sagacity  with  which 
M.  Le  Verrier  had  made  use  of  the  existing  data.  With 
this  confirmatloui  so  far  exceeding  any  expectations  which 
could  have  been  previously  entertained,  the  name  of  M.  Le 
Verrier  will  ever  be  connected,  and  acquire  in  consequence  of 
it  a  CL'kl)i  i!y  as  justly  merited  as  it  is  unexampled  in  respect 
ot  tile  mode  in  which  it  is  gained. 

From  the  slowness  of  the  motion  ot  tiie  planet,  the  obser- 
vations idtlierto  made  at  the  Berlin  observatory,  although 
they  extend  to  twenty-five  days,  may  all  be  connected  with  a 
star  occurring  in  Basset's  zones,  the  mean  place  of  which  was 
preliminarily  assumed  to  be 

*  Drommond  alio  obtained  the  moit  brilliant  light  from  chalk  lime. 
'  t        the j^cHdlfea  dtt  AM.  der  Wktenek^ienMuMerlmtOct, 9^, 1846L 
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until  mort  accurately  determined*   To  estimate  the  dittaoee 

of  the  planet,  a  circular  orbit  was  assumed  by  Dr.  Galle,  which 
jifrrees  so  nccurafcly  wiili  all  the  individual  positions,  that  ihc 
tempt  to  deierniuiL'  ait  elliptic  orbit  must  be  deferred  buT  lOflQio 
timeb    A  CQmpiiri^oii  whIi  iUq  ansumed  orbit, — 
Epocli  Sept.  24*0  incun  Berlin  time 
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Hm  diBMiiit  art  lod«td  msnHy  approouMtivei  but  mnm 
m  circular  orbtt»  pvtvionaly  calcnmtia  by  me  from  other  ob> 
nervations,  ga^e  very  nearly  the  Mine  nomberti  it  may  •!  least 
be  concliHM  from  them  that  the  planet  la  much  nearer  than 

M.  Le  Verrier  had  assumed.  Its  distance  from  the  stin  should 
be  33  according  to  his  element*,  while  nccording  to  the  above 
it  will  not  (!if!'er  niucli  iioin  SO;  coiisccjuently  the  period  of 
revolution  wiU  ulbo  i)c  ^Iji^t  ter.  li  the  or bil  wore  actually  cir- 
cular, the  period  wonlil  be  aboni  165  years. 

In  another  j)ouU,  huwevei,  wiLli  respect  to  wliich  M.  Le 
Verrier  had  only  prebumptions  to  go  upoDf  he  liaf  hit  the 
imth  with  most  remarkable  aoeuracy.  Acoofding  to  him«  the 
diie  of  the  planet  amounta  lo  about  SP%  while  tha  mean  of 
the  meeeorementa  glvea  fl''*7. 

I  tahe  this  opportunity  of  expreising  my  viewa  with  ragard 
10  the  name  which  I  intend  to  etf  ign  to  the  planet  for  the  next 
year,  as  I  am  compelled  to  come  to  some  decision  on  account 
of  the  publication  of  the  Astronomical  Jahriuchy  in  which  the 
planet  must  bp  inserted  as  soon  as  its  elenjenls  are  more  ac- 
curntely  dctermiued.  To  every  new  planet,  the  astrono- 
mers who  were  countrymen  of  the  discoverer  at  first  added  ap- 
pellations, whicli  were  intended  to  call  to  mind  souie  peculinr 
cucuiu»iunci'.  Thus  the  English  oiUed  and  &till  cull  Uruuus 
the  Geer^mu  planet  *,  as  a  mark  of  gratitude  to  king  George 
the  Thifo,  whoae  munilloence  enabled  Herachei  to  eonitruet 
hb  great  rdleetoni  end  the  planet  wee  deleeted*  ee  ie  well 
known,  bj  ita  disc.  Piaszi  named  his  planet  Ceres  Ferditiat^ 
itOf  in  hoooor  of  the  king  of  Naplei»  the  founder  of  theobaer* 
vatory  at  Pelermo.  In  the  same  manner  Peliat  was  at  first 
called  OlbersianOf  until  Olliers  himself  pronounced  strongly 
Against  tlie  adjective.  Subsequently  the  epiihetn  have  been 
disused  by  the  German  discoverers,  Haruin^^  Oibci  s  aiu! 
Hencke;  and  uccording  to  the  Mi^^^estion  of  Bode,  llic  imnia 
Uranus  has  been  everywhere  inltotluced  except  in  Kni^iuiid, 
and  lite  imnie  Ceres  is  now  generally  used  wiiiioul  ujij  adiiition. 

Tba  astronomers  of  Paris  appear  also  to  have  had  respect  to 
this  custom  of  naming  the  pUneis  after  die  ancient  divinttiesi 

Sriocipally  of  the  Romans;  since  Le  Verrier  hlmselll  in  his 
rst  letter  to  Dr«  Oalle,  Oct  1,  in  answer  to  the  annoance* 
ment  of  the  discovery  of  the  planet^  states  at  the  coneltisiont 
the  Bureau  des  Longitudes  has  pronounced  for  Nbftuhi^ 
the  sign  a  trident,*  This  too  appears  to  have  been  after  some 
consideration  ;  for  as  Dr.  Gallc  had  in  his  letter  hinted  at  the 
name  Jaum^  M»  Le  Verrier  observes  that    the  name  Jaaus 

*  In  the  iSiiuucui  Aiuimiuc  Qa\y,  Urauuf  i»  tbf  nsmsaow  ia  ffcnerai  ute 
frhh  Srithh  mttenonsfi^Be, 
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would  indicate  that  this  plaoet  is  the  Utt  of  the  solar  syttam^ 
which  there  is  no  reason  whatever  to  suppose*" 

Moreover,  this  name  [Neptune]  has  been  widely  bruited ; 
for  in  n  letter  which  I  have  received  from  Gauss,  our  first 
Gei mail  authority  in  as.  "»my,  dHed  Oct.  7,  he  says,  **  I  con- 
sider the  name  Neptune  en  by  M.  Le  Verrier  to  be  very 
appropriate;  perhaps  a  ti.  might  be  selected  as  the  sign  if 
it  were  not  impro{>er  in  any  way  to  inteiiere  with  the  rights  of 
the  diflooverer." 

Now  in  a  letter  which  1  have  reoeived  from  M.  Le  Verrier, 
dated  Oct.  6»  he  states,  **  I  requested  my  illustrious  friend, 
M*  Arago,  to  choose  a  name  for  the  planet.  I  was  somewhat 
startled  at  the  decision  {fcti  Ute  tin  pen  conftis)  which  he  made 
at  a  sitting  of  the  Academy.'*  This  confirms  the  information 
we  have  received  through  other  channels,  that  the  name 
Verrier  had  been  proposed  by  M.  Arago. 

Fortified  by  the  high  authority  of  Gauss,  and  the  Bureau 
ties  Longitudes  of  Paris,  I  shall,  under  these  circumstances, 
retain  for  the  next  year  the  name  Neptune,  and  the  sign  of 
the  trident,  nntil  pobiic  opinion  in  Germany  has  become  suffi- 
ciently consolidated  to  establish  a  definitive  appellation.  Oor 
German  custom  has  prevailed  in  the  case  of  lour,  we  may 
even  say  five  new  planets,  as  Herschel  was  a  German  by  birth ; 
and  as  it  cannot  be  in  the  least  my  intention  to  undervalue  the 
great  merits  of  M.  Le  Verrier,  which  I  have  most  cordially 
admitted,  so  it  is  my  opinion  that  In^  name  will  ever  remain 
so  firmly  connected  with  Neptune,  thai  it  is  not  necessary,  in 
order  to  keep  up  the  recollection  ot"  the  discovery,  to  introduce 
the  somewhat  incongruous  collocation  of  the  heathen  gods 
with  a  mucierii  name.  Besides,  in  the  present  case,  a  German 
has  the  essential  merit  of  having  discovered  the  planet 

In  letters  which  1  have  since  received  from  Sir  John  Her- 
schel, the  planet  is  also  called  Neptune ;  and  Struve,  in  Pul- 
kowB,  has  pronounced  decidedly  for  retaining  this  name.  The 
first  astronomical  authorities,  therefore,  in  Germany,  France, 
England  and  Russia,  have  pronounce  in  favour  of  Neptune. 

Note* — A  paper  received  by  the  Astronomer  Royal  from 
M.  Strove,  and  inserted  in  the  Athenseum  lor  Feb.  20,  assigns 
similar  reasons  for  adopting  the  proposed  name.    We  subjoin 

the  following  passage : — 

**  Far  be  it  from  us  to  have  any  intention  of  withholding  our 
entire  admiration  from  the  eminent  merit  of  M.  Le  \ \i  rier. 
But  impartial  history  will,  in  the  future,  make  honourable 
mention  also  of  the  name  of  Mr.  Adams,  and  recognise  two 
individuals  as  having,  independently  of  one  another,  discovered 
the  planet  beyond  Uranus.   In  the  same  way,  it  attributes 
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the  difoovery  oftbe  infinicesimal  cbIcuIos  at  onee  to  Newton 
and  to  Leibnitz.  Mr,  Airy,  the  Astronomer  Royal  at  6reen« 
wicbf  has  published  a  complete  and  authentic  report  on  the 

labours  of  Mr.  Adams  relative  to  the  existence  of  the  Trans- 
Uranian  )>]anet.  In  i!iat  report,  we  see  that  in  September 
184-5  Mr.  Adams  arrived  at  a  result,  and  that  in  October  he 
transmitted  to  Mr.  Airy  a  pap<^  ooiltaintng  elements  of  tlie 
present  planet  so  nearly  approximative  that  it  might  have 
beeti  found  in  tiie  heavens  ten  months  betore  it  actually  was. 
But  Mr.  Adams's  labours  were  unsuccessful,  because  the  two 
astronomers  (Mr*  Challis  of  Cambridge  and  Mr.  Airy  of 
Greenwich)  to  whom  they  were  known  hesitated  to  admit 
them  without  further  examination.  Their  doubts  are  ex* 
plained  by  the  importance  and  novelty  of  the  object,  and  by 
the  extraordinary  difficulty  of  the  research  it&elf,  which  might 
well  have  been  deemed  beyond  t!)e  powers  of  a  young  savant 
till  tiien  unknown.  Tliese  doubts  were  accordingly  not  dis- 
sipated until  the  moment  when  M.  Le  Verrier  published  the 
reaiilu  of  his  admirable  investigatiutis,  which  led  to  the  most 
brilliant  discovery  in  the  astronomy  of  the  solar  system,  while 
the  other  astronomers  of  Europe  nad  no  suspicion  of  the  ex- 
istence of  Mr.  Adams's  labours*  M.  Oalle  of  Berlin,  was  the 
first  to  find  the  planet  indicated  by  M.  Le  Verrier.  While 
we  consider  all  these  circumstances  attendant  on  the  discovery 
of  the  new  planet,  we  at  the  same  time  conceive  that  we  find 
the  adhesion  of  M.  Le  Verrier  to  the  name  of  Neptune,  not 
only  in  his  announcement  to  us  of  the  1st  of  October,  but  also 
in  his  later  letters  addressed  to  the  Academy  of  Sciences  and 
to  two  astronomers  of  the  central  observatory — letters  which 
make  no  object  ion  whatever  to  the  name  of  Neptune  chosen 
by  the  Bureau  des  Longitudes. 

**  Consequently,  we  will  retain  the  name  of  Neptune ;  and 
will  make  no  change  unless  hereafter  the  general  voice  shall 
determine  in  favour  of  another  name. 
**In  thename  of  theastronomers  of  the  Central  Observatory, 
«  Polkowa,  17      Dec.  1846."  W.  Struve." 

Mr*  Airy  adds,  that  he  quite  agrees  with  M.  Struve  in  bis 
reasons  and  in  his  conclusions* 


XXXIIL  On  V'-l.    By  H.  S.  Warner,  Esq. 

[The  following  Note,  appended  to  u  tommunicatjon  received  from  Mr. 
Warner  on  the  use  of  the  symbol  0  (but  not  adopted  for  infertion),  relates 
to  ft  Paper  signed  Shadow"  in  our  Number  for  September  1840'.] 

IN  relation  to  the  article  of  "  SHAnow,"  I  niav  observe  that 
I  did  not  expect  that  inv  conclusions  would  be  admitted 
FhiU  Mag.  S.  S.  Vol,  SO,  No.  200.  March  1847.  O 
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by  diose  (of  vbooi  BtLMsatm**  aeemi  one)  who deajp  dM  cor* 
rectnefs  of  the  esaamptiaii  apoo  which  the  argnaent  depends ; 
the  agreemeot  of  my  resalta  with  well-known  fornmlai  woaM 
be  merely  an  additional  argumenl  in  fiivosr  of  the  new  iiiod« 

of  regarding  imaginaries. 

Opposed  as  his  views  appear  to  be  to  this  manner  of  inter- 
preting impossible  quantities,  it  seems  to  nie  (unless  I  have 
mistaken  the  sense  in  which  he  uses  the  term  incongrtiouSf" 
which  is  the  case  perhaps)  tliat  they  in  reality  support  it 

Thus,  incongruity  in  geometrical  problems  (and  of  course 
In  thoie  only  can  we  consider  1  m  eymbol  of  perpendiew* 
luitv)  can  only  aiect  the  length  or  the  duiiitiim  of  n  Ums  if 
it  amoled  the  length  of  a  line^  thia  would  be  evidenced  by  onr 
obtaining  siieh  nreaidtaa  theooexiataieeof  thetwoeqniilione 

When  the  incoagniitjf  affected  the  direction,  it  would  be 
OVidenoed  by  the  appearance  of  v/  —  1 .  It  being  once  admitted 
that  v^'— 1  marks  an  error  in  estimating  direction,  it  is  easy 
to  show  tliat  this  error  is  one  of  a  right  angle  ;  for  the  error 
sliown  by  —  1  being  twice  repeated,  gives  — a  in  place  of 
-f  <7,  or  an  incongruity  of  two  right  angles  ;  hence  the  incon- 
gruity represented  by  4/  — 1  mubt  be  half  of  two  right  angles, 
Uiat  isy  one  right  angle. 

Foit  ef  Spain,  TrlnidMi, 
Oct  IMS. 


XXXIV.  On  the  Indtuhm  of  Atmospheric  Electriciiu  (mike 
Wires  of  the  Electric  TVlegraph,  By  Prof.  Josbph  HkwRY*. 

nPHE  action  of  the  electricity  of  the  atmosphere  on  the  wires 
of  the  dectrical  telegraph  is  at  the  present  time  a  subject 
of  much  importance,  both  on  account  ot  its  practical  bearing, 
and  the  number  of  purely  scientific  questions  which  it  involvee. 
I  have  accordingly  given  due  attention  to  the  letter  fefcrrad 
IP  ne^  aod  ha?e  aueceeded  In  coHecting  a  niunber  oC  facta  In 
reference  to  the  action  in  queation.  Some  of  these  are  (rem 
the  observatiooa  of  different  persons  along  the  principal  Une% 
and  others  from  my  own  investigations  during  a  thuncier^atonn 
on  the  19th  of  June,  when  I  was  so  fortunate  as  to  be  present 
in  the  office  of  tlie  telegraph  in  Philadelphia,  while  a  series  of 
very  interesting  electrical  phasnomena  was  exhibited.  In  con- 
nexion with  the  facts  derived  from  these  sources,  I  must  ask 
the  indulgence  of  the  8i)citty  in  fre(juentlv  relerring,  in  the 
course  of  this  communication,  to  the  results  of  my  previous 
*  From  the  ProceeiUugp  of  the  American  Pbiloto^bical  Socictjr,  vol.  tv. 
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investigations  in  dynsmic  tlaetrici^,  accounts  of  which  are  to 
be  found  in  the  Proootdingt  nd  TnuiMictiona  of  thi«  Institiip 

lion. 

From  all  the  information  on  tlie  subject  of  the  aciion  of  tiie 
electricity  of  the  atmosphtJ  i'  on  tiie  wires  ot  the  telegraph,  it 
is  evident  that  effects  are  produced  in  several  different  ways, 

1.  The  wires  ol  the  telegraph  art  iiat)le  to  be  struck  by  a 
direct  ili.-.cliurge  of  lightning  from  the  ciuuds,  and  several  cases 
of  this  kind  nave  been  noticed  during  the  present  iMSon« 
AboQt  die  SOth  of  Mey  the  Ughtoing  struck  the  elevated  pert 
of  the  wire,  whioh  it  lupported  on  e  high  nest  et  the  place 
where  the  telflon^h  eroiM  the  Heckenaack  river.  The  fluid 
passed  along  the  wire  each  way»  from  the  point  which  receivod 
the  discharge^  for  several  miles,  striking  off  at  irregular  inter- 
vals  down  Ac  supporting  poles.  At  eech  place  where  the  dis- 
charge to  a  pole  took  place,  a  number  of  sharp  explosions 
were  heard  in  s.urress!on,  resembling  the  rapid  reports  of 
sever.d  rifles.  During  another  storm,  xhe  wire  was  struck  in 
two  places  in  Pennsylvania,  on  the  route  between  Philadelphia 
and  New  Yoi  k  j  at  one  of  these  places  twelve  poles  were 
struck,  and  at  the  other  eight.  In  the  latter  case  ilie  remark- 
able tact  was  observed,  that  every  other  pole  escaped  the  dis- 
charge ;  and  the  same  phenomenon  was  observeui  though  in 
a  less  marked  degree,  near  the  Hadtensack  river.  In  some 
Initanees  the  lightning  hes  been  seen  oonrsing  along  the  wire 
in  a  stream  of  light;  and  in  another  case  it  is  described  as 
exploding  from  the  wire  et  certsin  points^  though  tliere  were 
no  bodiee  in  the  vicinity  to  attract  it  from  the  ooodoctor* 

In  discussing  these  and  other  facts  to  be  mentioned  here- 
after,  we  shall,  for  convenience,  adopt  the  principles  and  Ian« 
gimj^e  of  the  theory  which  refers  ihe  plia-nomena  of  electricity 
to  the  iiclion  of  a  ffuid,  of  which  llie  particles  repel  eacii  other, 
an<l  nrc  attracted  by  the  particles  of  other  matter.  Although 
it  cunnot  be  affirmed  that  this  theory  is  an  actual  representa- 
tion of  the  cause  of  the  plia^iiomena  they  are  produced  in 
nature,  yet  it  may  be  asserted  that  it  is,  in  tiie  present  state  of 
science,  an  aoonrata  mode  of  expressing  the  laws  of  electrical 
action,  so  fiur  as  they  liave  been  made  out;  end  that  though 
tliere  are  a  number  of  phsenomeoa  which  have  net  as  yet  bcsn 
rsferreJ  to  this  theory,  there  are  none  which  are  proved  to 
be  directly  at  variance  with  it 

That  the  wires  of  the  telegraph  sbooid  be  frequently  stmok 
by  a  direct  discharge  of  lightning,  is  not  surprising!  wlwn  we 
consider  t!ie  jrreat  length  of  the  conductor,  and  consequently 
the  many  points  along  the  sm  face  of  the  earth  through  which 

it  must  pass  peculiarly  liable  to  receive  Liie  discharge  froiQ 

08^ 
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die  baateiit.  Aluo^  ftooi  the  m«l  l6ii||di  of  the  oonductor, 
the  more  readily  must  the  repiusive  action  of  the  five  dbotri* 
city  of  the  cloud  drive  the  patural  electricity  of  the  conductor 
to  the  further  end  of  the  line,  thus  rendering  more  intense  the 
negative  condition  of  the  nearer  part  of  the  wire,  and  conse- 
quently increasing  the  attraction  of  the  metal  for  the  free 
electricity  of  the  cloud.  It  is  not  however  probable  that  the 
attraction,  whatever  may  be  its  intensity,  of  so  small  a  (juantitv 
of  matter  that  of  the  wire  of  the  telegraph,  can  of  itself 
produce  an  electrical  discharffe  from  the  heavens;  although, 
if  the  discharge  were  ttarlad  by  aonie  other  cause,  such  as  ttie 
attrsctioo  of  a  large  mass  of  ooodiictuig  matter  in  the  i^mty% 
the  attraction  of  the  wire  might  be  sufficient  to  change  the 
direction  of  the  descending  bolt,  and  draw  it  in  part  or  whole 
to  itself.  It  should  also  be  recollected  that,  on  acconut  of  the 
perfect  conduction,  a  discharge  on  any  part  of  the  wire  must 
affect  every  other  part  of  the  connected  line^  althoi^{h  it  may 
be  hundreds  of  miles  in  length. 

That  the  wire  should  give  off  a  discharge  to  a  number  of 
poles  in  succession,  is  a  fact  I  should  imve  expected,  from  my 
previous  researches  on  the  lateral  discharge  of  a  conductor 
transmitting  a  current  of  free  electricity.  In  a  paper  on  this 
subject,  presented  to  the  British  Associatioa  in  1837f  I  showed 
that  whmi  electricity  strikes  a  condndor  espIosively»  it  tends 
to  give  off  sparlcs  to  aU  bodies  in  the  vicinity,  however  inti- 
mately the  conductor  may  be  connected  with  the  earth.  In 
an  experiment  in  which  sparks  from  a  small  machine  were 
thrown  on  the  upper  part  of  a  lightning-rod,  erected  in  ac- 
cordance with  the  formula  given  by  the  French  Institute,  cor- 
responding sparks  could  be  drawn  from  every  part  of  the  rod, 
even  from  that  near  the  ground.  In  a  communication  since 
made  to  this  Society,  I  have  succeeded  in  referring  this  phae- 
nomenon  to  the  fact,  that  during  the  transmission  of  a  quan- 
tity of  electricity  along  a  rod,  the  surface  of  the  oooductor  is 
ehai^ged  m  siicces8ion»  as  it  were,  by  a  wave  of  the  fluid*  whicb» 
when  it  arrives  opposite  a  given  point,  tends  to  give  off  a  spark 
to  a  neighbonring  body,  for  the  same  reason  that  the  chaiged 
conductor  of  the  madine  gifes  off  a  spark  under  the  same 
circomstances. 

It  might  at  first  be  supposed  that  the  redundant  electricity 
of  the  conductor  would  exhaust  itself  in  giving  off  the  first 
spark,  am!  ihut  a  second  discharge  could  not  take  place;  but 
it  should  be  observed,  that  the  wave  of  free  electricity,  in  its 
passage,  is  constantly  attracted  to  the  wire  by  the  portion  of 
the  uncharged  conductor  which  immediately  precedes  its 
posiuun  ut  any  time;  and  hence  but  a  part  of  the  whole  ra» 
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dundant  electricity  is  given  off  at  one  place ;  the  velocity  of 
trensmlsslon  of  the  wave  as  it  passes  the  neighbouring  boidjr» 
and' its  attraction  for  the  wire,  preventing  aTull  discharge  at 

any  one  place.  The  intensity  of  the  successive  explosions  is 
explained  by  referring  to  the  fact,  that  the  discharge  from  the 
clouds  does  not  generally  consist  ofa  single  wave  or  electricity, 
but  of  a  number  of  fli<c}inrges  along  the  snme  path  in  rapid 
succession,  or  of  a  continuous  discharge  which  has  an  appre- 
ciable duration  ;  and  hence  the  wire  of  tlie  telegraph  is  capable 
of  transmitting  an  immense  quantity  of  the  fluid  tiius  distri- 
buted over  a  great  length  of  ilie  conductor. 

The  remarkable  facts  of  the  explosions  of  the  electricity  into 
the  air,  and  of  the  poles  being  struck  in  interrapted  succession^ 
find  a  plausible,  explanation  in  another  electrical  principle 
which  I  have  established,  namely,  in  all  cases  of  the  disturb* 
anoe  of  the  equilibrium  of  the  electrical  plenum^  which  we 
must  suppose  to  exist  tliroughout  all  terrestrial  space,  the  state 
of  rest  is  attained  by  a  series  of  diminishing  oscillations.  Thus 
in  the  discharge  of  a  Leyden  jar,  I  have  sliown  that  the  phrc- 
noniena  exhibited  cannot  be  exphiined  by  merely  supposing 
the  transfer  of  a  quantity  of  fluid  from  the  inner  to  the  outer 
side  of  the  jar ;  but  in  addition  to  this  we  are  obliged  to  admit 
the  existence  of  several  waves^  backwards  and  forwards,  until 
the  equilibrium  is  attained.  In  the  case  of  the  disdiarge  from 
the  cloud»  a  wave  of  the  natural  electricity  of  the  metd  is  re* 
pelled  each  way  from  the  point  on  which  the  discharge  falls^ 
to  either  end  of  the  wire,  is  then  reflected,  and  in  its  reverse 
passa^  meets  in  succession  the  several  waves  which  make  up 
the  discharge  from  the  cloud.  These  waves  will  therefore 
interfere  at  certain  points  alon^  the  wire,  producing,  for  a 
moment,  waves  ot^^  double  magnitude,  and  will  thus  enhance 
the  tendency  of  the  fluid  at  these  points  to  fly  from  the  con- 
ductor.   I  do  not  say  that  the  effects  observed  were  actually 

Eroduced  in  this  way ;  I  merely  wish  to  convey  the  idea  that 
nown  principles  of  dectrloal  action  might,  under  cerlaiii  dr- 
cumstances,  lead  us  to  anticipate  such  results. 
^  S,  The  state  of  the  wire  may  be  dbturbed  by  the  conduc- 
tion of  a  current  of  electricity  from  one  portion  of  space  to 
another,  without  the  presence  of  a  thunder-cloud ;  and  this 
will  happen  in  case  of  a  long  line,  when  the  electrical  condition 
of  the  atmosphere  which  surrounds  the  wire  at  one  place  is 
different  from  that  at  another.  Now  it  is  well  known  that  a 
mere  difleronce  in  elevation  is  attended  with  a  change  in  the 
electrical  state  of  the  atmosphere.  A  conductor,  elevated  by 
means  of  a  kite,  gives  ^iparkb  ui  po2»iLive  electricity  in  a  perfectly 
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clear  day ;  hence  if  the  line  of  the  telegraph  pastM  ov«r  an 
•Itfvtted  mountMii  ridge,  there  will  be  cmitmiially,  during 
deer  weatheri  a  currait  from  the  mofe  elefaled  to  tlie  lower 
pointe  of  the  eonduetor. 

A  current  may  also  be  produced  in  n  long  leielline^  by  the 
precipitation  of  vapour  in  the  form  of  fog  et  one  end^  while 
the  air  remaina  clear  at  the  other;  or  by  the  eidatence  of  a 
storm  of  rain  pr  snow  at  any  point  along  the  line,  wliile  the 
Other  pnrts  of  the  wive  fire  not  subjected  to  the  same  infiuencc. 

Currents  of  snflicient  power  io  set  in  motion  the  marking 
machine  ot"  the  telegraph  have  been  observed,  which  mubt  have 
been  produced  by  some  of  these  causes.  In  one  case  the  ma- 
chine spontaneously  beiyan  to  operate  withuuL  iliu  ai*i  ol  the 
battery,  while  a  mow  btoim  was  failing  at  one  end  of  tlie  line^ 
and  clear  weather  exiited  at  the  other.  On  another  oocaiioe 
A  continued  ttreem  of  electricity  was  obterred  to  past  between 
two  polnti  at  a  break  in  the  wfre^  proientlng  the  appearance 
of  a  gas-light  almoet  extinguished.  A  constant  eroct  cf  this 
kind  indicates  a  constant  accession  of  cicctriciQr  at  one  part  of 
the  wire,  and  a  constant  discharge  at  the  other. 

S.  The  natural  electricity  of  the  wire  of  the  telegraph  is 
liable  to  be  disturbed  by  the  ordinary  electrical  in(1nction  of  a 
distant  cloud.  Suppose  a  thunder-cloud,  driven  by  thfi  wind 
in  sucli  a  direction  as  to  cross  one  end  ot  the  line  of  tlie  tele- 
grnpli  at  the  elevation,  say  of  a  mile;  during  the  wlioie  time 
of  the  approach  of  the  cloud  to  the  point  oi  iu  paili  directly 
above  the  wire,  the  repulsion  of  tiie  retluntiant  electricity  with 
which  it  is  charged  would  constantly  drive  more  and  more  of 
the  natural  eieotrii^ity  of  the  wke  to  the  ihfther  end  of  the 
linoi  and  would  thns  give  rise  to  a  onnrent  When  the  doad 
■rrlTcd  at  the  point  nearest  to  the  wire,  the  current  would 
cease  for  a  moment ;  and  as  the  repulsion  gradually  diminished 
!^  the  receding  of  the  cloudy  tne  natural  electricity  of  the 
wire  would  gradually  return  to  its  normal  state^  giving  rise  to 
a  Current  In  an  opposite  direction.  If  the  cloud  were  driven 
by  the  wiiul  parallel  to  the  line  of  the  telegraph,  a  current 
would  be  produced  towards  each  end  of  the  wire,  ntid  ihese 
would  constantly  vnry  in  intensity  with  the  diHei  ciu  jxisitinns 
of  the  cloud.  Although  current.«»  prcHhiced  in  tins  way  nmy 
bo  too  feeble  to  set  in  motion  the  mai  kiiiir  appai  atiis,  yet  they 
may  have  sufficient  power  to  influence  the  aclion  oi'  ihc  cur- 
rent  of  the  battery  so  as  to  interfere  with  the  perfect  operation 
of  the  machine* 

4h  Powerful  electrical  currents  are  produced  In  the  wires  of 
the  telegraph  by  cveiy  flash  of  lightning  whieh  tehee  plaee 
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within  nuiny  miles  of  the  line,  by  the  action  of  dynamic  in» 
dustion ;  which  differs  from  the  action  last  described,  in  being 
the  result  of  the  influence  of  electricity  in  motion  on  the  na* 
tiiral  electricity  of  the  conductor.  T!ie  effect  of  this  induction, 
whicli  is  the  most  rruitrul  source  of  (listiirbiiiice,  will  be  best 
iiiustiateel  by  mi  account  of  some  e\[jeriments  of  my  own, 
presented  to  the  Society  in  1843.  A  copper  wire  was  sus- 
pended by  silk  strings  around  the  ceiling  ol  un  upper  room*  so 
as  to  form  a  parallelugram  of  about  %VLtj  feet  by  thirty  on  the 
•idM;  Mid  in  the  cellar  of  the  aam«  baiiding»  immediately  be* 
loiTi  enolher  parallelogram  of  the  aeme  dimensions  was  plaeed. 
When  a  sperlc  from  an  electrioel  machine  was  transmitted 
through  the  upper  parallelogram^  an  induced  current  was  de« 
teloped  in  the  lower  one  sufficiently  powerful  to  magnetise 
needles,  although  two  floors  intervened,  and  the  connuctors 
were  sepnrnted  to  the  distnncc  of  thirtv  (eet.  In  this  expe- 
riment no  electricity  passed  throiin^h  the  doors  from  one  con- 
ductor to  the  other;  the  eflect  was  entirely  due  to  tlie  repul- 
sive action  of  the  electricity  in  motion  in  ihc  upper  wire  on 
the  natural  eleciiiciiy  ot  the  lower,  in  another  experiment, 
two  wires,  about  400  feet  long,  were  stretched  parallel  to  each 
other  between  two  buildings;  a  spark  of  electrldtv  sent  * 
through  one  produced  a  current  in  the  other,  though  the  two 
were  separated  to  the  distance  of  ^00  feet|  and  from  all  the 
experiments,  it  was  concluded  that  the  distance  might  be  in- 
definitely increased,  provided  the  wires  were  lengthened  in  • 

corresponding  ratio. 

That  the  same  eliect  is  produced  by  the  repulsive  action  of 
the  electrical  discharge  in  the  heavens,  is  shown  by  the  fol- 
lowing modification  of  the  foregoing  arrangement.  One  of 
the  wires  was  removed,  and  the  other  so  lengthened  at  one 
end  as  to  pass  into  my  study,  and  thence  through  n  cellar 
window  into  en  acUacentwelL  With  every  flash  of  lightning 
which  took  place  m  the  heavens^  within  at  lettst  a  dirde  m 
twenty  miles  around  Princeton,  needles  were  magnetized  in 
the  study  by  the  induced  current  developed  in  the  wire.  The 
same  eflect  was  produced  by  soldering  a  wire  to  the  metallic 
roof  of  the  house,  and  passing  it  down  into  t}»e  well ;  at  every 
flash  of  lightning  :i  series  of  currents  in  alternate  directions 

was  produced  in  the  wire. 

I  was  also  led,  ironi  these  results,  to  inter  that  induced  cuN 
rents  must  traverse  the  iine  oi  a  railroad,  and  this  I  found  to 
be  the  case.  Sparks  were  seen  at  the  breaks  in  the  continuity 
of  the  rail,  with  every  flash  of  a  dbtant  thunder-cloud. 

Similar  efitets,  but  in  a  greater  degree,  must  be  produced 
on  llw  whPi  of  the  telegraph  by  every  disehei^  in  the  heevens; 
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and  the  phsenomena  which  I  witnessed  on  the  19th  of  June  in 
the  telegraph  office  in  Philadelphia,  were,  I  am  sure,  of  this 
kind.  In  the  midst  oF  the  hurry  of  the  transmission  of  the 
congressional  intelligence  from  Washington  to  Philadelphia, 
and  thence  to  New  York,  the  apparatus  began  to  work  irre- 
gularly. T  lie  ojierator  at  each  end  of  the  line  announced  at 
the  same  time  a  siorm  at  Washington,  and  another  at  Jersey 
City.  The  portion  of  the  circuit  of  the  telegraph  which  en* 
tered  the  baikUnfl^  aod  was  oonneetad  with  one  pole  of  the 

Slvanic  batterV)  happened  lo  pass  within  the  distance  of  kss 
in  an  inch  of  the  wire  which  senred  to  form  the  comicxion 
of  the  other  pole  with  the  earth.  Across  this  space,  at  an  in- 
terval of  every  few  minutes,  a  series  of  sparks  in  rapid  succes- 
sion was  observed  to  pass ;  and  when  one  of  the  storms  arrived 
so  near  Philadelphia  that  the  lightning  could  be  seen,  ench 
series  of  sparks  was  found  to  be  simultaneous  with  a  Husii  in 
the  heavens.  Now  we  cannot  suppose  for  a  moment  that 
the  wire  was  actually  struck  at  the  time  each  Hnsh  look  place; 
and  iiidf  ( (1  it  was  observed  that  the  sparks  were  produced 
when  the  cloud  and  dash  were  at  the  distance  of  several  miles 
to  the  east  of  the  line  of  the  wire,  l  ite  inevitable  conclusion 
is,  that  ell  the  exhibition  of  electrical  phenomena  witnessed 
during  the  afternoon  was  purely  the  effect  of  indnctiaii»  or 
the  mere  disturbance  of  the  natural  eleetridt^  df  the  wire  at  a 
distance^  without  any  transler  of  the  fluid  nom  the  doud  to 
the  apparatus. 

The  discharge  between  the  two  portions  of  the  wire  oon* 
tinned  for  more  than  an  hour,  when  the  effect  became  so 

powerful,  that  the  superintendent,  alarmed  for  the  safety  of 
the  building,  connected  the  long  wire  with  the  city  p^ns-pipes, 
and  thus  transmitted  the  current  silently  to  the  giouiul.  I 
was  surprised  at  \he  quantity  and  intensity  of  the  current;  it 
is  well  known,  tlial  U)  mIIccI  a  common  gRlvanonicter  uith 
ordinary  electricity,  requires  the  discharge  of  a  large  battery; 
but  such  was  the  quantity  of  the  induced  current  exhibited  on 
this  oocasiont  that  the  needle  of  an  ordmary  vertical  galvano- 
meter,  with  a  short  wirs^  and  apparently  of  little  sensibil^yy 
was  moved  several  degrees. 

Hie  pungency  of  the  spark  was  also,  as  might  have  been 
expectea,  very  great.  When  a  small  break  was  made  in  the 
circuit,  and  the  parts  joined  by  the  fore- finger  and  thumb,  the 
discharge  transmitted  through  the  hand  affected  the  whole  arm 
up  to  the  shoulder.  I  was  informed  by  the  snperintcndent, 
that  oil  another  occasion  n  spark  pass^  over  the  surface  of 
the  spool  ot  wne,  surrounding  the  legs  of  llie  horse-shoe 
magnet  at  right  angles  to  the  spires;  and  sucli  was  its  inten* 
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si^  and  quantity,  that  alt  die  wim  acroaa  wliidi  it  passed 
«m  nsllsd  al  points  in  the  samo  straight  Koe  as  if  ihcy  had 
baso  eot  in  two  by  a  sharp  knife. 

TIm  cfiacts  of  tha  powertbl  discharges  ftom  the  clouds  may 
be  pretented  in  a  great  degree^  by  erecting  at  intervals  along 
the  line,  and  aside  of  the  supporting  poles,  a  metallic  wire, 
connected  with  the  earth  at  the  lower  end,  nnd  terminating 
above  at  the  distance  of  about  half  an  inch  from  the  wire  of 
the  telegraph.  By  this  arrangement  the  insulation  of  the  con- 
ductor will  not  be  interfered  with,  while  the  greater  portion 
of  the  charge  will  be  drawn  off.  I  think  this  precaution  of 
^reat  importance  at  places  where  the  line  crosses  a  river,  and 
is  supported  on  high  poles ;  also  in  the  vicinity  of  the  office 
of  tne  telegraph,  where  a  disdiarig^e,  frllinff  on  the  wire  near 
tlie  station,  might  send  a  cnrrent  into  the  lioase  of  sufficient 
tfoMkf  to  prMoce  serioos  acddents.  The  fate  of  Prof.  Rich- 
man,  of  St.  Petenborg,  should  be  recollecteil,  who  was  killed 
bv  a  flash  from  a  small  wire^  which  entered  bis  hoose  from  an 
elevated  pole  while  he  was  eoqperimenting  on  atmoephoric 
dectricity. 

The  danger,  however,  which  has  been  apprehended  from 
the  electricity  leaving  the  wire  and  discharging  itself  into  a 
person  on  the  road,  is,  I  think,  very  small ;  electricity  of  suf- 
ficient intensity  to  strike  a  person  at  the  distance  of  eight  or 
ten  feet  from  the  wire,  would,  in  preference,  be  conducted 
down  the  nearest  pole.  It  will,  however,  in  all  cases  be  most 
prodent  to  kesp  at  a  proper  distance  from  the  wira  during  the 
Cfiistenfo  of  a  thnndeivstonn  in  the  neighboorhood. 

It  may  be  mentioned  as  an  inteiesting  fiwt»  derived  firom 
two  independent  sources  of  information,  that  large  numben 
of  small  birds  have  been  seen  suspended  by  the  claws  from 
the  wire  of  the  telegraph.  They  had  in  all  probability  been 
instantaneously  killed,  either  by  a  direct  discharge,  or  an  in* 
duoed  cnrrent  from  a  distant  cloud,  while  they  were  resting  on 
the  wire. 

TTiough  accidents  to  the  operators,  from  the  direct  dis- 
charge, may  be  prevented  by  the  method  before  mentioned, 
yet  the  effect  on  the  machine  cannot  be  entirely  obviated ;  the 
residual  current  which  escapes  the  discharge  along  the  per- 
pendicular wires,  must  neutralize  for  a  moment  the  current 
of  the  batteryy  and  prodooe  irregularity  of  action  in  the  app^ 
ratns* 

The  direct  dischaige  firom  the  dood  on  the  wire  Is,  com- 
ifmlMLjt  not  a  frequent  occurrence,  while  the  dynamic  in- 
oncttvo  mfliNiioe  must  be  %  foovoe  of  oonstint  disturiMooe 
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dnriog  tile  MHon  of  thuDder-storms;  and  no  other  method 
resents  itself  lo  my  mind  at  this  time  for  obviatuig  the  effectf 
ut  that  of  increasing  the  size  of  the  battery,  and  diminishing 
the  vendibility  of  the  magnet,  so  that  at  least  the  smaller  in- 
duced currents  may  not  be  felt  by  ilic  nnichine.  It  must  be 
recc)Ilecte<l  thnt  the  iiuiuL  live  iiiilucnce  lakes  place  at  n  distance 
lljr[)Lj_Mi  all  boJie:*,  toiidnciorb  :iiul  noii-coiKiuctors;  ruitl  hence 
no  cuaung  that  can  be  put  upuu  ihe  wire  wiii  prevent  the  format 
tkm  of  induced  currents. 

I  think  ti  not  improbftbl«i  duct  tho  Mfth  hat  boto  node  to 
oet  the  port  of  tht  rotoni  coodootoTf  that  aooio  omou  will  bo 
difooforod  Ibr  intolating  the  ainglo  wira  beoaadi  tho  surfiMo 
of  the  aatth;  tlie  difficidty  io  efiSstiog  this  is  by  no  meant  oa 
gMil  at  thai  of  uitulating  two  wire%  and  preventing  the  cur- 
rant striking  across  from  one  to  the  othar.  A  wire  buried  in 
the  earth  would  be  protected  in  most  cases  from  the  effect 
of  a  direct  (lisc}mri]^e  :  hut  the  imfnctive  infloaOflO  wonld  ttiU 
be  exerted,  though  jiei  haps  in  a  less  ck  ^ree. 

The  wires  of  the  telegraph  are  too  small  and  too  lew  in 
number  to  affect,  as  some  Imve  supposed,  the  electrical  con- 
dition of*  the  atmosphere,  by  equalizing  the  quantiLv  oi  the 
fluid  in  different  places,  and  thus  producing  a  less  changeable 
ttala  of tha  waatfaer.  The  Ibablo  eurrtnta  of  oleotriciqr  whiafa 
must  ba  coottantly  passing  abngtha  wirat  of  o  long  lln^  mayi 
howavar,  with  proper  ttodyy  ba  the  meant  of  ditoovarin^  manjf 
intertatiog  fiictt  matifo  to  tho  aketrioal  atato  of  tho  air  ofat 
fluivrcnc  rtj^oiit* 


XXXV,  Tkelbmo/tkeMtaihnopro^^Otiginandiify. 

By  HSBBSRT  SnHCEtt*. 

TT  has  been  generally  considered  that  the  spheroidal  form 
^  of  the  cartli^indicatuig  as  it  doesobediance  to  centrifugul 

force — impllei  a  primary  state  of  fluidity*  If  however  it  can 
be  shown  that^  notwithstanding  its  apparent  soUdityt  the  earth 
roust  be  at  the  present  moment  entirely  subject  to  the  influ- 
ences affecting  its  general  figure,  and  that  so  far  as  the  gra- 

vitativc  and'  ccntrituga!  forces  are  concerned  it  is  plastic  stilly 
the  theory  of  original  fluidity,  however  probable  on  other 
grounds*  can  uo  longer  be  interred  from  the  earth's  oblate* 
ness. 

The  facts  Indicative  of  a  varying  relationship  bcLwxcii  ilie 
bulk  and  tenacity  of"  matter  are  o(  every  day  observation.  W  e 
constantly  see  a  drop  of  water  maintain  its  sphericity  in  spite 
of  opposing  forces-^increase  the  massy  and  it  flows  out  io  com* 
*  Coamuuiicated  by  tha  Author. 
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pleU  obedieooe  to  them.  The  mud  in  our  streets  stands  in 
ridges  behind  the  passing  csrUwheei — when  scraped  together 
it  appears  liquid  and  assumes  a  horisontal  sorTace.   On  the 

spade  of  the  excavator,  clay  retains  its  square  figure  and  its 
sharp  angles;  but  wlien  made  into  a  bulky  cmbRnknicin,  it 
will,  if  the  slope  be  uisulRcient,  spread  it.^eli  out  on  one  or 
both  sides  oi  the  base,  occasionally  continuing  to  blip  until  it 
assumes  an  inclination  of  six  to  one. 

A  compariiaon  of  the  physical  powers  of  large  and  small 
animali  exhibits  a  series  of  facts  of  an  analogous  character. 
A  flea  jumps  several  hundred  times  its  own  length,  and  is  un* 
injured  by  collision  with  any  obstacle*  The  great  mammals^ 
on  the  other  hand»  seem  to  possess  no  agility  whatever ;  and 
a  concussion  borne  by  the  insect  with  impunity  would  smash 
an  elephant  to  a  jelly.  Between  these  extremes  may  be  ob- 
served a  gradation  in  the  ratios  of  power  to  bulk  ;  so  tlmt 
commencing  with  tlie  sniiiller  creatures,  every  increiiiLMit  of 
size  iHfCietenspdnhiis,  accumpaiiicd  by  an  under-proportionate 
increase  of  strLiiirHi,  until  wu  arrive  at  that  limit  (to  which  the 
elepiiant  has  evidenily  approximuied)  where  the  creature  lauo 
longer  capable  of  supporting  its  own  framework. 

These  and  innumerable  like  (acts  point  to  the  inference 
that  fluidity  and  solidity  are  to  a  great  extent  qualities  of 
degree  i  that  the  cohesive  tenacity  of  any  piece  of  matter  bears^ 
as  the  mass  of  that  matter  is  increased,  a  constantly  decreasing 
ratio  to  the  natural  forces  tending  to  the  fracture  of  that  mat* 
ter;  and  that  hence  any  substance,  however  solid  to  our  per- 
ceptions, only  requires  to  have  its  bulk  increased  to  a  certain 
point,  to  irive  way,  and  become  in  a  sense  Jiuid  before  tiie 
gravitalivc  ami  otiier  lorces. 

However  repugnant  to  that  common  sense"  for  which 
some  have  so  great  a  respect,  this  proposition  is  capable  of  a 
very  simple  demonstration* 

The  strength  of  a  bar  of  iron«  timber,  or  other  material 

subjected  to  the  transverse  strain  varies  as  —j— ;  B  being  the 

breadth,  D  the  depth,  and  L  the  length.  Suppose  the  size 
of  this  bar  to  be  changed,  whilst  the  ratios  of  its  dimensions 

B 

continue  the  same :  then  ais  the  fraction  y~  will  remain  con- 

L 

stant  the  strength  will  vary  as  or  (since  D  bears  always 
the  same  proportion  to  B  and  L)  as  W  or  L*.  Hence  in 
similar  masses  of  matter  the  resistances  to  tlie  transverse  strain 
are  as  the  sfjuares  of  the  linear  dimensions.  The  same  law 
Still  more  muuitestly  applies  to  the  longitudinal  ^uaiui  when 
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the  strength^  depending  as  it  does  on  the  eectionel  area,  must, 
in  Bioiilar  masses  wy  as  the  square  of  any  skle.    And  in  the 

torsion  strain  we  may  readily  detect  the  like  general  principle, 
thnt,  other  things  equal,  the  resistances  to  fracture  bear  a  con- 
stant ratio  to  the  scjiiares  of  the  dimensions. 

Not  so  however  with  the  powers  tent  linn;  to  the  disruption 
of  matter.  The  effects  of  gravity,  ceiilniugal  force,  and  all 
agencies  antagonistic  to  cohesive  uttructioo,  vary  a:>  ihe  uiass, 
that  is,  as  the  cubes  of  the  dimensions. 

However  great,  therefore^  in  a  given  poftion  of  matter,  may 
be  the  excess  of  the  form-preeerving  force  over  the  fimn* 
destroying  force,  it  is  dear  that,  if  during  augmentation  of 
bnllK  the  torm-preserving  force  increases  only  as  the  wquam 
of  the  dimensions,  whilst  the  form-destroying  force  increases 
as  tficir  cubeSt  the  first  must  in  time  be  overtaken  and  exceeded 
by  tho  l  ist;  and  when  this  occurs,  the  matter  will  be  fractured 
and  re-arranged  in  obedience  to  the  form-destroying  force. 

Viewed  by  the  light  of  this  principle,  the  fact  that  the  earth 
is  an  oblate  spheroid  does  not  seem  to  afford  any  support  to 
the  hypothesis  of  original  fltndity  as  commonly  understood. 
We  mu.>l  cuiisidei  that,  in  respect  of  iLi>  obedience  to  the  geo- 
dynamic  laws,  the  earth  is  fluid  now  and  must  always  remain 
so ;  for  the  most  tenadons  snbstance  with  whidi  we  are  ac- 
quainted, when  sntgeeted  to  the  same  forces  that  are  acting 
upon  the  earth^s  crust,  would  exceed  the  limit  of  self-support 
determined  by  the  above  law,  before  it  attained  ^^jss^sssmf^  ^ 
the  earth^s  bulk. 

Reference  to  a  table  of  the  resistances  of  various  snbstanees 
to  a  crushing  force  will  render  this  manifest. 

LondoOt  Jan.  1847. 
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[Continued  from  p.  1S8.] 

Anniversary  Meeting,  November  30, 1846. 

^I'^HE  Marquis  of  Northampton  in  the  Chair. 
-L  The  noble  President  steted  that  the  Council  had  awarded  one  of 
its  Medab  to  M.  Le  Verrier ;  two  Medals  to  Mr.Panday,  for  his 
disooveries  in  the  universal  action  of  Electricity  and  Galvanism ;  and 
onp  of  the.  Royal  Medals  to  FnL  Owen,  for  Us  paper  on  the  Be- 
lemnite. 

After  presenting  the  Medals,  the  President  proceeded  to  the  bio- 
graphical notices  of  some  of  the  deceased  members,  from  which  we 
seieet  the  folknnng 

JoBit  BocTooK,  M.Dn  has  loi^  oooopied  a  dfatinguiibed  tMtm 


Digitized  by  Google 


among  the  zealous  cultivators  of  Animal  Chemistry,  Physiology* 

and  other  branches  of  Medical  Science.  His  father  had  been  esta- 
blished as  physician  at  Liverpool,  and  from  his  great  talents  would 
probably  have  risen  to  considerable  eminence,  had  not  these  bnUiant 
prospects  been  ilooined  to  sudden  extinetkm  by  an  nntimely  death, 
before  he  had  attained  the  age  of  thirty*  He  feft  an  only  child,  the 
subject  of  the  present  notice,  who  was  born  in  1774,  the  year  pre- 
ceding that  fatal  event,  and  whose  early  education  was  ron(!ucted 
at  the  New  College  at  Hackney,  at  the  time  wheji  Dr.  Prit  >tluy  was 
delivering  lectures  on  chemistry.  I  laving  imbibed,  under  such  able 
tuition,  an  ardent  love  of  science,  young  Boitoek  was  led  to  make 
choice  of  medicine  as  his  profeitton.  He  studied  at  Edinburgh, 
where  he  graduiUed  in  the  year  1798,  and  soon  afterwards  com- 
meneed  practice  in  his  native  town.  The  activity  of  his  mind  was 
there  displajed,  not  only  in  numerous  contributions  to  most  of  the 
medical  and  scientific  journals,  but  also  iu  the  prominent  part  wliich 
he  toolc  in  planning  and  establishing  various  eliaritable,  scientific 
and  literary  institutions,  and  more  particularly  the  Fever  Hospital, 
and  the  Botanic  Garden ;  and  also  the  Philosophical  and  Literary 
In-stitution  of  Liverpool,  where,  in  the  capacity  of  Professor  of  Fhy« 
siolrtL^v,  he  delivered  tiie  lirst  course  of  lectures  there  given. 

iiaviug  secured  a  competent  fortune.  Dr.  Bostock  determined,  iu 
1817)  to  relinquish  his  profession  and  fix  his  residence  in  London, 
where  he  could  possess  more  extensive  mean.s  of  prosecuting  his 
favourite  studies,  and  enjoy  a  more  enlarged  society  of  scientific 
friends.  lie  soon  became  an  associatp  of  most  of  the  scientific  so- 
cieties of  the  metropolis,  and  an  active  labourer  iu  their  management. 
In  18 IB,  he  was  elected  a  Fellow  of  the  Royal  Society ;  was  several 
times  placed  on  its  Coundts,  and  in  I8S8,  filled  the  office  of  Vice* 
President.  He  was  for  some  years  Secretary  of  the  Geological  So* 
ciety,  and  in  1826  was  appointed  it^  President.  He  \ou^^  lirld  the 
otRce  of  Treasurer  of  the  Medical  and  Cliirurgical  Society,  and  took 
an  active  share  in  tlie  management  of  the  Fever  Hospital}  not  only 
as  a  member  of  its  Committee,  but  also  as  one  of  its  House  Direct- 
ors. He  waa  also,  during  a  long  period,  one  of  the  lecturer*  on 
Chemistry  at  the  Medical  School  of  Guy's  Hospital,  being  appointed 
to  that  office  on  the  death  of  his  friend  Dr.  Mnrcr  t,  in  18'2^. 

Amidst  these  multiplied  public  avocations,  lie  tbuud  leisure  for  the 
accomplishment  of  a  great  variety  of  literary  and  scientific  labour^ 
the  aggregate  amount  of  which  would  appear  astonishing  to  any 
one  wlw  was  not  acquainted  with  his  methodical  habits,  his  peise* 
vering  industry,  and  hb  advantageous  employment  of  every  portion 
of  his  time.  His  contributions  to  medical  and  scientific  journals, 
tratisactions  of  societies  and  cyclopaedias,  amount  to  no  less  than 
sixty-nine;  of  which  twenty  are  contained  in  Nicholson's  Journal 
and  Annals  of  Philosophy,  eighteen  in  the  Medico-Chirurgical  Trans- 
actions,  and  twelve  in  the  Cyclopcedias  of  Fhustical  Medicine,  and  of 
Anatomy  and  Physiology.  Only  one  paper  by  him  appears  in  the 
Philosophical  Transactions  (in  1829),  namely,  that  "On  the  spon- 
taneous purification  of  the  Thames  Water,"  recording  the  observa- 
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tiont  he  made  in  the  course  of  some  analyses  which  he  undertook 
at  thfi  request  of  thf  CoTnTiiissionprs  uppointed  by  tbfi  CtoWU  tO 
inquire  iiUti  th(  suj)i>l\  nf  water  to  the  metropolis. 

Some  ul  tile  mure  ^uished  papem  and  e«#ays  which  had  appeal^ 
in  thaw  worfcs»  wvrt  aftenrasda  rapoUialifld  bj  him  Id  a  ttpuata 
Ibmi.  Among  these  are  his  Account  uf  tlie  History  and  pNMDt 
state  of  Galvanism/'  originally  published  in  Brewster's  Cyrlopfi^dta, 
and  which  appearr^  in  1^18:  nnfl  liis  "  Histon,'  of  Medicine,"  which 
had  been  proHxr*!  \o  tin;  C  yclupa.Hlia  of  Practical  Medicine.  One 
ui  liiA  earliest  pubiiculions  was  an     Es^ay  on  Ueiipiraliau     hil  at« 

tMfamcnt  to  ciMDiiotI  pomila  havins  mtunllj  led  hia  to  the  per* 
tieoler  atndy  of  thie  pert  of  the  animd  eoonomy.  At  a  later  period, 
he  engaged  in  the  OHiipilation  of  a  general  work,  embracing  the 
whole  Hubject  of  physiology,  which  he  completed  in  three  volumesi 
the  lai^t  ot  which  appeannl  in  1 827,  under  the  title  of  "  Elementary 
System  of  Physiology ;  the  third  and  lait  editiuo,  published  in  18S7t 
oonpriied  the  whole  ia  one  thiek  oetavo  volame  or  aeaiiy  900  pages. 
It  is  a  work  of  Immenae  labour  and  research,  containing  condensed 
and  eUboratc  analyses  of  all  that  had  at  that  time  been  published, 
both  as  to  facts  and  theories,  in  the  wide  fioltl  of  physiology.  It  con- 
stitutes, in  fact,  an  I'McyclopiwHa  of  thi>  iK  narttnefit  of  medical 
science,  where  the  student  vviU  tiud  indicated,  vvitii  ^icrupuloui  eX' 
aotaeM^  the  authoritiea  for  every  atetemeat,  aod  tlie  eovioee  vhleh 
nay  iopply  him  with  whatever  further  information  he  v^ghi  reqabe 
on  any  particular  subject.  After  he  had  completed  this  work,  he 
projected  a  new  translation  of  I'litiv's  "  Natural  History,"  to  Vic  ac- 
companied with  iiuLl-3  ;  in  iSiiS  iie  printed,  for  priv  iti  di-ti  ilmlion, 
a  specimen  of  the  work,  consiitiue  of  the  first  und  tiiiriy-tlurd 
hoohet  iad  he  afterwards  deroteda  eoaaideiable  poftioo  of  hie 
time  to  the  proeeeation  of  this  undertaking,  in  which  he  had  made 
eome  progress  at  the  time  of  his  death.  For  the  last  two  or 
three  years  his  health  had  been  declining,  but  the  immediate  cause 
of  his  death  was  un  attack  of  cholera»  wluoh  proved  tatal  po  the  6th 
of  August  in  the  prci^ent  year. 

Rmpeeled  and  beloved  by  &  wide  eirdle  of  frieade  e&d  laiativef^ 
hia  nwmory  will  long  be  olieriihed  with  afibodoo  by  those  wlu>  sar* 
vive,  and  with  gratitude  by  the  votaries  of  tboio  seienoss  whieh  Us 
labours  have  promoted  and  enriched. 

John  Cokstantime  Carfux»  a  distinguished  teacher  ol'  Aoa* 
tomy  and  Surgery. 

John  Tbomsov,  MJ)^  one  of  the  ablest  rspreseotatives  of  Aa 
last  generatiooof  medieel  nieii>  was  ProfiMior  of  Oeperel  Fethology 
in  the  University  of  Edinburgh,  and  died  on  the  1 1th  of  October  last, 
at  his  refiidence  in  tlio  vioinity  of  that  eity,  at  the  advaaeed  age  of 
eighty-two  years. 

rie  was  born  in  the  town  of  Paisley  in  iienirewshiiv,  aud  iu  ovei*^ 
coming  the  impedimeoti  of  an  humble  station,  of  straitened  cir* 
•amstaiMeiy  and  of  a  defeettve  edneation,  he  eaily  eihiWtsd  those 
vigorous  inteUeetaal powers  which  were  afterwaids sosneessiftJlye»> 
ertediathoaoqaiwBieatof  iaforamtionaadthaptOMetioftafiaitaoeb 
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•ppUcation  of  his  mind,  in  suocetsion,  to  various  important  objecti 
of  scientific  interest.  While  yet  a  youth,  and  daring  the  short  in- 
ter^'ala  of  leisure,  stolen  from  the  servile  drudgery  of  a  meditul  ap» 
prenticeship  in  his  native  town,  he  devoted  himself  with  such  energy 
and  liuceeiis  to  i\w  study  of  Botauy^  as  ever  after  to  retain  a  Urely 
UrttNtI  in  HMt  puavit  Having  oonpleted  hit  inadieal  ednaatioii 
in  the  Universitiea  df  Glasgow  and  Edinburgh*  and  in  the  medical 
schoots  of  London,  he  settled,  in  the  concluding  years  of  the  cen- 
tury, as  a  general  practitioner  in  Edinburgh.  Ho  tftf  re  delivered 
lectures  on  Cljemistry,  and  published  a  translaiitiu  of  Fourcroy'ii 
filaments  of  that  seieuee,  aocouipauied  with  valuable  notes* 

Mng  appoimad  m  of  the  Snigaona  of  tlio  Royal  Ininoafy  is 
the  year  1800^  he  oommenoed  his  labours  as  a  Teacher  of  Sof^Ofy* 
and  m  Iho  institution,  at  his  recommamk^n,  of  a  Professorship  of 
Snr?Tery  in  the  Roval  College  of  Surgeons,  he  was  appointed  to  that 
ottice.  It  waa  on  his  representation  that  the  injurious  gystem  which 
then  prevailed,  of  chaogioff  the  surgeons  at  short  interval)  wom  aban- 
doned, and  the  tenure  of  thai  offiea  rtttderad  one  of  inaMinablo 
dttiitioDi  and  thai  the  delivery  of  CUnioalkotnvee  by  the  eofgaooi 
In  oAee»  of  all  nodes  of  instruction  the  laoel  vnlnable,  was  com* 
nenced.  To  his  counsel  the  College  of  Surgeons  were  indebted  for 
the  foundation  of  a  Museum  of  Anatomv,  both  healtli\  :itui  morbid, 
which,  enriehed  as  it  has  j*ince  been  by  many  valuable  collections, 
now  ranks  second  only  to  that  of  the  lioyal  College  of  Surgeons  of 
Ifnfflond 

For  m  period  of  sixteen  years  Mr.  Theaeioa  delivered  the  leofenrea 

on  Surgery  in  the  HaU  df  the  C<^lege  to  crowded  auditories  of 
students  and  practitioners.  In  the  year  1806'he  was  appointed  by 
the  rrown  Professor  of  Military  Sunrery  in  the  Universit)'  of  Edin- 
burgh, a  chair  wkich  had  been  uuwiy  created  by  the  goverDiaunt  of 
thni  period* 

The  puhUeation  en  whieh  hu  pemaaent  repotatioo  reala  beaie 
the  title  of  "  Lectures  on  Inflammattoa**  It  appeared  in  1813,  and 
was  in  effect  a  revival  nnd  masterly  exposition  of  the  views  and  doc- 
trines of  .Inhn  Hunter,  wliieh,  portly  front  a  deficiency  of  penipi- 
cuity  in  that  great  man  s  style,  and  partly  from  the  small  degree  of 
attention  which  they  had  excited  among  the  profession,  had  never 
before  ohlained  thenr  deo  hdloe«e»  nor  had  their  trnthe  been  ioffl- 
eiently  recognked  an  I  sta!)lisbed.  It  is  a  work  which  eBhlbkedio 
results  of  acute  discrimination,  unwearied  ardour,  persevering  re- 
search, and  a  clear  nnd  careful  method  of  argumentntinn.  It  has 
been  translated  into  many  foreign  Kurupean  languages,  and  speedily 


tntiog  as  it  doea  the  baak  oTaU  FiUhology. 

On  the  death  of  Dfk  Gregory  in  1821,  Dr.  ThoaeOD  resigned  hie 
ee^ical  appointments, and  having  fonnerlj  gradoatid  at  ICiag'aGe^ 

le'Te,  Aberflf-en,  now  joined  the  College  of  Physicians  and  practised 
as  cuu.sultiu;-!;  plivsirinn,  Ofinimencing  at  the  same  time  a  course  of 
lecturer  on  the  practice  ot  physic.   This  way  be  regarded  as  the 
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second  remarkable  period  of  his  professional  cnrecr.  Tfir  novol  and 
(listitiguishing  feature  of  this  course  of  lectures  consisted  i'l  its  being 
iouiided  on  pathological  atiatoniy,  or  the  structural  changes  induced 
dkMe  in  the  lOYeiil  times  of  the  body,  as  auxiliary  to  the  ao- 
inent  wp^tm  oi  pore  symptomatology.  To  aeoomplish  tkis  crfgeol 
in  the  most  efibotnal  manlier,  Dr.  Thoiaioa  had  recourse  to  the  aid 
of  the  drauplit^man,  and  presented  to  the  eye  of  the  student  acrnrate 
coloured  dehueatious of  morbid  appearances,  arranged  on  anatomico- 
physioli^ical  principles,  and  accompanied  by  their  corresponding 
ni^Qffiei*  The  vetnH  of  this  spirited  enterprise,  prosecuted  both 
abroad  and  at  home  daring  a  period  of  letml  Teaii»  and  at  a  rerj 
oonsiderable  pecuniary  tioiifice,  has  been  a  sfMandid  collection  of 
anatomical  drawings,  tnrpaasing  all  others  at  praaent  eiisting  in 
Itchnessand  oxtesit. 

In  1832,  a  Chair  of  General  Pathology  was  added  to  the  Uoiver- 
«ty  of  Edinburgh,  to  which  endowment  the  suggestions  and  the 
endflooe  of  Dr.  Thomaon  l>efbre  a  eomninioo  appointed  by  Lord 
Xiverpool't  ffoyeniment  in  lS96f  materially  eontributed.  The  ap- 
pointment of  firet  professor  was  confcrrecl  upon  himself;  but  the 
pressure  of  advanced  years  and  infirm  health  nnfgrtunat^y  GOia* 
pelled  his  retireoieni  after  he  bad  held  it  foi-  ibur  years. 

At  Tarious  times  Dr.  Thomson  visited  the  British  metropolis  and 
the  oootinent  of  Enrope,  ebiefly  ibr  the  purpose  of  penonairr  enmi- 
ntng  their  pathological  collections;  ana  allBr  flu  liattle  ^ Waleiloo 
he  repaired  to  Brussels,  in  order  to  avail  hiniself  of  the  advantages 
whirh  were  afforded  on  that  necasion  of  exnTninitfir  the  nature  and 
treatment  of  eun^shot  wounds  and  field  injuries.  I  he  result  of  his 
observations  ne  shortly  afterwards  pubibhed  in  a  "  Report  of  the 
wounded  at  Waterloo.' 

To  Dr.  Thomson's  spirit  of  independence,  not  less  than  to  hb 
ardent  love  of  knowledge,  the  school  of  Edinburgh  is  specially  in- 
debted;  for  in  nd  iitioTi  to  ills  active  exertions  in  the  foundation  of 
Professoririiips,  ot  a  nnisinuu  and  of  a  library,  and  the  estabhshmcut 
of  a  dispensary  for  visiting  the  poor  in  their  own  dwellings,  he  was 
ever  vatelifal  of  ita  iatareeta,  and  aa  ftariem  in  denonndng  oaagw 
whidi  he  coniiderBd  prgndicial  as  he  was  pnnnpt  in  anggesting  and 
earnest  in  promoting  beneficial  cliangcs  nnd  reforms.  To  the  jea- 
lousies which  ever  fTinjeiidered  by  merit,  and  by  attemj)ts  at  re- 
form, and  to  the  oppositiou  he  encountered  from  the  magisterial 
authorities  of  the  city,  may  be  ascribed  his  failure  of  success  when 
a  candidate  for  the  vaoant  ehair  of  Dr.  Gregory,  although  he  «aa 
anpported  by  oTerwhelming  teitiniomab  of  tuperior  claims  ftom  tke 
most  eminent  medical  men  throughout  Europe ;  and  the  same  cause, 
together  ^vith  the  liberal  biaaof  his  political  views  and  opinion??,  (for 
tliough  he  did  not  obtrude  he  u«ver  sought  to  conceal  them)  will 
ako  explain  the  anomaly,  that  although  no  profetibional  opinion 
waa  mote  liigiily  esteemed  tiian  hii,  yet  he-never  attained  to  ea- 
tiaordinary  popolanty  in  practice.  Some  of  the  prgndiees  he  had  to 
contend  against  were  the  fruit-^  of  his  scrupulous  honesty,  of  the  sim- 
plici^  of  his  mind  and  manners^  and  of  his  lioitiii^  to  every  apfioiea 
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of  profewkHwl  dMflaliaimi  in  wlmtef cr  qntrter  it  wm  displayed* 
It  em  excite  no  aurpriie  that  be  stood  high  in  the  eftimatioD  of  his 

IBtoy  celebrated  contemporaries  of  the  Scottis!t  metropolis,  and  that 
he  should  have  f  iij'^yed  a  cordinl  and  rontinnpd  intimacy  with  such 
meo  as  Stewart,  Alien  and  Mackintosi).  Associated  with  the  pro- 
jector! of  the  Edinburgh  Review,  he  was  a  contributor  to  some  of 
the  eulf  imabef^  of  artiofee  oonneoted  with  vedioid  phikwophy. 
In  othT  wnafehaiof  jdno  not  atiictly  professional,  Dr.  Thomion 
evinced  an  erudition  of  greater  extent  and  profundity  than  could 
hrive  been  attained  by  any  individual  not  pos<*ossing  his  qoici(QeBi 
of  apprehension  and  unquenehable  thirst  for  knowledge. 

The  profession  at  large  are  perhap:§  scarcely  aware  of  the  extent 
of  thoir  ohUgttioot  lo  Dr.  ThomMia.  Some  bofrever  jet  larvive 
who  enn  altett  the  peculiar  interest  he  inspired  in  his  pupile  by  hb 
earnestness  as  a  teacher,  and  the  enthusiasm  they  imbibed  ftom  hie 
precepts  and  rh<'rished  by  his  example.  Unostentatious;  in  liis  search 
after  truth,  ha  was  neither  so  frequtrjt  or  voluminous  an  avowed 
contributor  to  the  coumion  stock,  as  many  men  of  much  inferior 
tident ;  bat  lie  wee  eonllnnallj  eitfaged  in  foetering  the  spirit  and 
dinetii^  the  pmnili  of  othem»  of  whom  eome  have  largely  oontri- 
hnted,  in  their  riper  yeaie^  to  eitend  the  boondariee  of  medieol  and 
surgical  knowledge. 

The  hi(^raphy  of  Dr.  Cullen,  whose  character  lie  held  in  Incrh 
veneration,  occupied  the  years  of  his  retirement.  The  vigour  of  liis 
faculties  remained  unimpaired  to  the  last,  and  he  contemplated  with 
eafan  eerenitj  the  approaehlog  end  of  a  lifb  devoted  to  ue  cnltiva- 
tloii  and  improvement  of  the  profeenon  he  had  ehoeen,  and  of  which 
he  was  a  distinguished  ornament. 

Astrononn-  !v4«  ftr^tri'nni  ?\  heavy  lo?s,  in  thf  year,  by  the 
death  of  liKshKL.  i  HiKi>uiCH  WrLMKi.M  Bks.sel  was  born  at 
Minden,  on  the  22nd  of  July  1784-.  His  father  held  a  civil  office 
nnder  the  FroMian  government*  with  the  title  of  •Autfsratt,  but 
his  means  were  narrow  and  hie  family  onmerooa ;  and  at  the  age 
of  fifteen  the  future  astronomer  began  his  career  as  an  assistant 
or  a]>pre!itiee  in  a  mercanfilo  }u>use  in  Bremen.  Having  acquired 
a  taste  for  Astt(»noniy  and  Matitematicii,  he  n'^'^iduously  devoted  his 
leisure  time  to  the  study  of  those  sciences;  and  his  progress  was 
eneh  that  he  eoon  attmeted  the  notice  and  obtained  the  IHendahip 
of  Dr.  Olbef%  then  m  the  wnith  of  his  fame.  Hb  first  pablbhed 
essay,  which  appeared  in  Zach  s  *  Monatliche  Correspondenz'  in 
ISOi,  was  a  reiluction  of  the  observations  mr^de  by  Harriot  and 
Torporley  of  the  comet  of  1607.  In  eoiunjunicatiug  this  paper  to 
Zach,  Olbers  euIogi<ted,  in  the  warmest  terms,  the  acquirements  and 
industry  of  hie  young  friend,  and  expremed  his  regret  that  so  much 
talent  and  aeal>  end  aneh  powem  or  cakmfadion,  shoold  not  have 
been  aoipufed  for  the  exclusive  service  of  astronomy.  An  oppor> 
tunity  was  soon  found  of  making  the  desired  accpiisition ;  Bessel, 
in  1806,  i>ecouiing  surr  rss:t)i  lo  Harding  in  the  ottice  of  9ssj«»tant 
to  Schroeter,  in  tl»e  Observatory  of  Lilieiithal.  In  this  cont^^  iiial 
situation  he  rapidly  acouired  for  himself  a  great  reputation ;  and 
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indeed,  almost  from  the  lirat,  took  his  pla(^  as  one  of  the  best  astro- 
nomor«  of  Europe.  In  1810,  lie  was  appointed  profc^-or  of  astro- 
nomy m  Konigsberg;  a  post  whieli  lie  occupied  liuiuig  tiie  re- 
maioder  of  life,  aud  over  whicU  Uis  gemus  aud  labours  have 
thrown  «B  imperUMiUe  lultvB. 

The  Observatory  of  Koni||ib6iK,  now  so  celebrated,  owes  wA  mIj 
its  celebrity,  but  its  existence  to  BesseL  The  building  was  begun 
in  1811  under  his  direction.  It  was  finished  in  1815;  and  the  first 
publi>iied  ohservalious  are  dated  in  November  of  the  same  year. 
Ii'om  181a  the  obiiervatiouji»  have  been  published  regularly ;  acconi* 
paoied  bv  f«U  detcripluNit  4»f  tko  dUfafit  iHmwcuti  ■mBwively 
employod,  ikt  elMoenla  of  fodnetioa»  mm%  vtlnaUo  eotakgses,  and 
all  the  information  necessary  to  inqpiro  oomplete  confidence  in  tho 
results.  This  publication  has  exeidied  a  poworftii  iniii— w  OQ  ikm 
progrt^  of  practical  astronomy. 

Bessel's  scientific  life  is  one  of  extraordinary  fertility,  aud  it 
Mly  a  fow  of  IIm  www  important  of  hit  piwdwetioM  wluok  om  Wfm 
bo  allodad  to  In  thk  briof  notiee.  His  fMrincipol  work*  tho  *  F^uid»> 
■OBta  Artroaooriw^'  m  peculiarly  interesting  to  English  astrouomen, 
fnnn  tlie  circumstance  of  its  heirig  founded  on  observation*?  made  at 
the  l{(tyal  Observatory  at  Greenwich,  bradley's  ob^ervaiiuns,  as  if 
well  known,  were  taken  posses!»iori  of  by  his  representatives,  and 
pr^eoted  by  them  to  the  University  of  Oxford.  From  varioua 
mmth  thoir  poUicatioB  w«s  not  oomplotod  ontU  1805»  kittf  Oum 
yoon  afttr  the  death  of  Bradley ;  and  although  MOM  iwi  Jti  and 
some  imperfect  catalogues  had  been  deduced  from  them,  the  groat 
nmss  of  th(>  observatiuiis  still  remained  iu  a  state  in  wliicli  ihev  were 
nearly  U!«elet<5,  At  the  instigation  of  Olbers,  ik^isel  uudertook  the 
formidable  task  of  reducing  the  whole  series.  The  reduction  was 
oomuieaoed  in  tlio  antonin  of  1807*  and,  tbough  frequently  inlMw 
nipted  by  hi*  otker  avocations  and  duties,  it  was  never  wholly  kid 
aside  till  its  completion  in  1818,  in  which  year  the  '  Fundamenta* 
made  its  a))pearaiice.  Of  this  great  work  it  would  he  difficult  to 
speak  m  terms  of  too  ht^h  praise.  Bei»ides  elaborate  d(*temiina- 
tions  of  all  the  principal  elements  of  the  reductiouy — the  errors 
of  the  iaitniflMBtf»  Ike  height  of  tke  pole,  nftmHimh  W«Usi» 
obomdMNH  preotitsion,  proper  motkm, — it  contains  a  aoHjogoo  of 
the  mean  places  of  3222  fixed  stars,  observed  between  1750  and 
1762  with  the  best  instrnnipnts  in  existence  at  that  tinie ;  and  re- 
duced to  tUti  epoch  uf  1155  with  a  precision  and  accuracy  ot  which 
there  was  no  previous  example.  U  now  i'urntshes  astronomers  with 
tko  bait  oBitN^  naaaa  of  dateradalng  all  tboio  data  wUeb  mm 
only  be  deduced  from  a  coinpariMMi  of  ohierfations  made  at  cofiU 
derably  distant  intervals  of  time,  and  may  be  coi^idef^  in  fact,  as 
havin<j;  laid  the  foundations  of  the  princi^nd  iMtprovpfin  nts  whioii 
have  been  made  in  astronomy  since  the  dale  ui  its  publ m  .ih  iti. 

The  '  Tabulae  Itegiotuuutauu;,   published  iu  uiay  be  re- 

nidod  in  aoaM  laipoota  as  a  auppleoMwi  to  tbo  ^FaManMta.' 
Tbia  coUeotioD  was  uadertakan  with  a  view  to  MlUata  tbo  aaduo 
iitti  at  plaagtaif  ohur?  ■tiioi%  paat  tad  fatM%    a  ■■■fqiw  wgikm  i 
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and  it  coDtiiof  all  the  tables  neoBtmry  for  that  purpon  as  well  as  for 

ordinary  star-reduction,  for  the  century  to  which  it  applies,  founded 
on  elements  derived  from  tlu'  ('(unparison  of  Bradley's  with  Bessel's 
own  observations,  together  wilii  the  formula;  fur  computationt  It 
is  in  daily  use  in  every  observatory,  and  has  led  to  the  general 
adoption  of  a  unifonn  and  precise  ayatem  of  aatrooomioal  weukh 
tion  which  has  been  attended  with  signal  advantage  to  the  soieooe* 

The  services  rendered  to  iistronomy  by  Bessel  were  not  con- 
fined to  the  observattirv  and  the  closet.  In  the  course  of  a  series 
of  experiments,  undertukeu  iu  1826,  for  the  determination  of  the 
length  of  the  seconds'  pendalum,-  he  detected  and  demonstrated 
the  existeiiee  of  a  cause  of  error  in  the  usual  reduotioa  to  a  ye- 
cuum,  which,  though  it  had  loBg  before  been  clearly  pointed  out  by 
Du  Buat,  appears  to  Iiave  been  entirely  overlookpf!  and  forgotten. 
This  consists  iti  tlie  fact  that  every  o^scillating  body  draffs  along 
with  it  a  certain  portion  of  air,  or  of  the  fluid  iu  which  it  moves, 
so  that  the  specific  gravity  of  the  actually  moving  mass  is  different 
from  that  of  the  body  at  rest;  and  as  the  quantity  of  draff^ed  air 
depends  on  the  form  of  the  moving  body,  the  specific  gravity  can* 
not  be  derorniiiirti  n  priori,  but  must  be  found  by  experiment  for 
each  particular  pciKluluni.  It  followed,  therefore,  that  the  results 
of  all  the  previous  pencluluni  cxuenmente^  were  erroneous  to  the  ex- 
tent occasioned  by  the  neglect  of  thb  circumstance.  BesselV  method 
of  conducting  the  experiment  was  extremely  ingenious;  and  it  may 
be  asserted  that  his  determination  of  this  important  astronomioal 
element — tlie  absolute  length  of  the  seconds'  pendulum— is  the  only 
one  yet  given  which  doscrving  of  full  confidence.  The  details 
and  results  were  pubUsiied  lu  the  Berlin  Memoirs  in  1828. 

Another  very  important  result  of  the  indefatigable  activity  of 
Bessel,  is  the  *Gradmessung  in  Ost-Preussen,'  published  in  18S8* 
A  series  of  geodetical  measurements,  comprehending  the  measure 
of  an  arc  of  the  meridian  of  the  Dorpat  Observatory,  had  been  exe- 
cuted by  Struve  and  Von  Tenner  in  Russia,  and  it  was  of  great  im- 
portance, in  reference  to  the  question  of  the  figure  of  the  cartii,  to 
connect  them  with  those  of  the  west  and  south  of  Europe.  The 
operations  neeessary  for  this  purpose  were  undertaken  by  the  Prus- 
sian government  in  18S0,  and  executed  under  the  direction  of  Bes- 
sel, who  seized  on  t)w  opportunity  of  measuring  an  arc  of  the  meri- 
dian of  his  Observatory.  In  consequence  of  the  novel  methods  em- 
ployed both  iu  tiie  geodetical  aud  astronomical  parts  of  this  operation 
the  details  are  of  extreme  interest,  mora  particularly  with  referance 
to  the  ingenious  apparatus  for  measuring  the  base  line,  the  mode  of 
observing  and  connecting  the  terrestrial  angles,  and  the  application 
of  a  method  of  computation  by  which  every  geometrical  relation  sub- 
sisting among  the  angles  over  the  whole  triangulated  surface  is  ex- 
pressed by  equations  of  condition,  and  the  results,  with  their  pro- 
bable errors,  deduced  by  the  method  of  least  squares.  The  <  Grad- 
messung'  may  be  described  as  having  done  for  geodesy  what  the 
*  Fundamenta'  (li<l  for  us-tronomy  ;  both  works  exhibiting  the  appli- 
cation of  the  best  and  surest  methods  of  deducing  results  from  ob- 
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Domputcr. 

S*"V(>r?\l  of  his  minor  papers  on  the  subject  of  pcrKU  sy,  published 
in  the  '  Astrooonmche  NacbrichteD,'  are  of  great  interest  and  value. 
He  Koompitled  tfie  Fkvaeh  triuigiihtioB  botiroen  Mon^ouy  and 
FonneDtent  (NaidS)^  and  the  leelor  obaemitioiia  of  the  English 
and  Indian  arcs  measured  by  Mudge  and  Lambton  (884,  336);  and 
fton  the  whole  of  the  meridional  arcs  hitherto  measured  with  ad- 
missible prpfisidii,  deduced  elements  of  the  terrestrial  spheroid  whicli 
give  probably  the  nearest  approximation  which  has  yet  been  made 
to  the  true  form  and  magnitude  of  the  earth. 

In  oonneiion  with  the  meararement  of  the  pendnlnm  and  aie  of 
meridiaot  he  also  undertook  a  comparison  of  the  standard  measures 
of  Prussia;  determined  their  relation  to  the  unit  of  the  French 
mpn«iirr^  .  and  directed  the  execution  of  a  new  standanl  which  will 
probably  l)ecome  an  object  of  great  interest  in  some  future  age. 
The  details  of  these  delicate  and  difficult  comparisons  are  deaoribed 
by  him  in  an  inteieating  work  publiibed  by  order  of  the  Fknatiaa 
govemraent  in  1889. 

The  question  of  the  annual  parallax  of  the  fixed  stars, — a  vexed 
question  in  astrnnfMuy  since  the  days  of  Bradley,—  h:i»^  of  latr  years 
acquired  an  extraordinary  interest  through  the  labours  ot  Struve, 
Henderson,  and  Bessel.    Having  previously  made  some  unsuccess- 
Ibl  attempto,  Betsel  at  length  d^muned  to  attack  the  problem  in  n 
new  way,  and  to  subject  one  indindual  star  to  a  scrutiny  which 
would  infallibly  decide  whether  any  appreciable  parallax  existed  in 
that  particular  ense.  The  star  which  ho  -r  h  cted  was  61  Cy<7/«",  a  binary 
system  whose  two  members  had  been  proved  to  be  physically  con- 
nected, and  which,  by  reason  of  the  very  considerable  distance  be- 
tween the  eompooent  bodiea,  and  ita  lai^e  proper  motiooy  aflbrded 
atrong  presumptiona  of  its  being  one  of  the  nearest  to  the  earth.  lIRth 
the  splendid  heliometer  of  the  Konigsberg  Observatory,  an  instru- 
ment peculiarly  adapted  for  sueh  a  purpose,  he  commenced  a  series 
of  micrometrical  measurements  oi  tlie  iii>tTnces  of  the  star  froiu  two 
others  in  its  vicinity,  which  were  continued  from  Augui»t  1SS7  to 
Mai^  16i0»  and  eondoeted  with  all  the  appUaneea  end  preeantioiia 
for  attaining  extreme  accuracy  wlueh  were  to  be  expected  from  the 
importance  of  the  inquiry  and  the  consummate  skill  of  the  observer. 
The  re*?rilts  exhibited  a  periodic  and  systematic  fluetimtion  of  the 
places  ot  the  double  star,  agreeiiiii  exactly  in  its  law  and  period  with 
the  effects  of  parallax,  and  referabie  to  no  other  known  cause.  The 
paraUaz  thua  indieated  waa  indeed  an  extremely  minato  qnantity, 
amounting  only  to  81>I00tha  of  a  aeeond;  but  no  one  in  a  condition 
to  ftppreente  the  eridenee  on  which  it  rerts  will  doubt  the  possibility 
of  detecting  such  n  qfiantity  by  such  means ;  and  astronomers,  accord- 
in|»ly,  reganl  the  coik  Iiimoii  a>j  f»ne  which,  if  not  absolutely  certain, 
is  at  least  so  extremely  probable,  tliat  it  must  command  assent  until 
diaproved  by  anodier  equally  good,  and  longer  ooBtlsiied,  aerica  of 
ofaeervationa. 

The  fraita  of  the  exlfeme  pieeiaioii  which  Beaael  ao  gveitly  ooi* 
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tribatod  to  introdnoe  into  ailroDomical  obiemitioDa  and  redneliona, 
have  already  begun  to  make  their  appearance.   In  an  interesting 

disquisition  published  in  some  recent  numbers  of  the  '  Astronoinische 
Nachrichten*  (51+,  5! 5,  516),  he  seems  to  have  establijihed  the 
existence  of  a  very  remai  kahle  phenomenon  which  had  been  indt- 
catod,  at  different  times,  by  Pond,  namely,  the  variabflihr  of  the 
proper  motion  of  two  of  the  principal  stars,  Procyon  and  Sintu» 
It  is  unnecessary  to  point  to  the  boundless  field  of  speculation  re- 
specting the  constitotion  of  the  aidereal  heavens  whieh  auch  a  diiu 
covery  lays  open. 

Theanuakuf  astixinomy  afford  many  illustrious  examples  of  inde- 
fatigable indoBtry  and  protific  labour,  W  few  more  remarkable  than 
Bessel.  From  the  date  of  hia  first  publicaUon  in  1804-,  the  astrono- 
mical periodicals  of  Germany  teem  with  his  produetions.  Zach's 
*  Monatlichc  Correspondenz,'  Lindenaus  *  Zeitschrilt,'  Bode's  *.Iahr- 
buch,'  the  ^  Berlin  Ephemeris,'  the  '  Memoirs  of  the  Berlin  Acade- 
my,' and,  more  especially,  Schumachers  ^Astronomische  Nachrich- 
ten,' have  all  been  enrieh«l  by  hb  commnnieations.  The  last-named 
journal,  indeed,  contains  upwards  of  180  bearing  his  signature,  em- 
bracing almost  every  subject  connected  with  the  science  and  prac- 
tice of  astronomy,  and  questions  of  every  order  of  dlHieulty.  Some 
of  his  papers  in  the  *  Berlin  Memoirs'  are  extremely  remarkable, 
not  only  by  reason  of  the  results  arrived  at,  but  as  showing  the  re- 
sources and  originality  of  the  author,  and  his  skill  In  the  highest 
departments  of  analysis  and  physical  astronomy.  Among  these  may 
be  mentioned,  in  partinilur,  his  researches  on  the  jrrpat  comet  of 
1H07  (published  in  IS  10),  in  which  he  proposed  a  method,  which  is 
now  generally  ibiiovvcd,  ut  determining  the  orbit  when  it  is  necessary 
to  take  the  perturbations  into  account;  a  most  important  memoir  uu 
the  precession  of  the  equinoxes  (1815);  another  on  the  planetary 
perturbations  (1824);  and  three  on  the  right  ascensions  of  Maske* 
lyne's  36  stars  (1818,  1819,  \S'2r>).  A  mong  his  later  productions 
are  two  quarto  volumes  of  *  Untersuchungcn  (or  Astronomical  Re- 
searches), and  a  Uurd  said  to  have  been  nearly  prepared  for  the 
press.  Many  other  tides  might  be  cited,  but  those  now  mentioned 
may  suffice  to  give  an  idea  of  the  wide  extent  over  wluch  he  ranged. 
Indeed  it  may  be  said  of  Bessel,  that  there  is  no  department  of  astro- 
nomy which  he  did  not  handle,  and  that  nothing  passed  through  his 
hands  without  roci  iving  extension  or  improvement.  But,  perhaps, 
that  which  siandb  out  as  most  remarkable  in  his  writings  is  his  pro- 
found knowledge  of  the  theory  of  inatmments ;  and  perhaps  also  the 
Influence  of  his  example  in  teaching  olMervers  to  trust  less  to  the 
mechanical  perfection  of  instruments,  and  to  bestow  more  pains  in 
determining  tfieir  errors  so  as  to  remove  them  by  numerical  correc- 
tions, have  contributed  as  much  to  the  advancement  astronomi- 
cal science  as  hb  own  proper  labours  and  discoveries.  His  country- 
men adopted  his  methods  as  the  modeb  of  their  practice ;  the  pre- 
sent state  of  German  astronomy  shows  with  how  much  advantage. 

Bossel  was  elected  a  Foreign  Member  of  this  Society  in  1825. 
tie  died  at  Kdnigsbeig  on  the  i7th  of  March  1846»  aiker  a  long  and 
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painful  UIum  oeearionad  by  an  intemal  dhetw.  The  biiiorf  of 

his  laboan  will  occu])y  a  largo  and  proanineilt  fllaee  ill  tiM  Ullciry 

of  astronomy  during  the  first  half  of  the  present  centun-. 

The  Baron  de  Damoiseau  ^va<  otto  of  t)H»  most  distinguished 
astronomers  of  the  age.  His  most  considerable  work  was  his  "  Me- 
moire  s\xr  ia  Tb6orie  de  iu  Lutie,"  which  was  presented  to  the  In- 
ititate  in  1881,  but  not  published  before  1887,  when  it  appeared  in 
the  Mfimoiies  des  Savane  Etrangen."  The  methods  whiehare  used 
in  this  important  memoir  ate,  generally  speaking,  the  aame  aa  those 
adojittMl  by  T.ny>lace:  th^  moon's  tnic  longitude  being  assumed  as 
the  indr]irfiilrnt  variable,  and  the  final  ecjuations  solved  by  the  me- 
thod oi  iiuietcrminate  coefficients ;  the  solutions  being  given  in  nu- 
merical and  not  in  litend  eoefieieiili»  as  in  the  great  wm  of  Ftana 
on  the  same  subject  The  approximatioiia,  also,  are  carried  to  a 
l^eater  extent  than  in  the  "  M6canique  C61este."  This  memoir  was 
followed  by  the  celebrated  "Tables  of  the  Monii."  v,hTch  were  founded 
upon  it,  and  whiclj  appeared  in  ISSl*  under  the  title  "  Tables  de  la 
Lune,  form6e  sur  la  seule  Tiieoric  de  I'Attraction  et  suivant  ia  divi- 
sion du  cercle  en  400  d^gr^."  They  form  the  first,  and  indeed  the 
only  expanded  tables  of  the  moon  which  are  founded  entbely  upon 
theory,  borrowing  nothing  whatever  fn nn  obserx  ation  buttfaesifli* 
pie  elliptic  element<;,  the  proportion  of  distances  of  the  sun  and  moon, 
and  the  masses.  All  ])receding  tables,  such  Mayer's,  Borg's  and 
Bnrckhardt  s,  had  derived  many  of  their  coeilicients  empirically  from 
observation.  These  tables  are  the  basis  of  those  which  are  used  by 
the  present  Astronomer  Ropl  in  the  grant  lunar  reduetions  whieh 
are  now  in  progress  under  his  superintendence. 

The  Baron  de  Damoiseau  was  abo  the  author  of  Tablea  of  the 
SatelHtes  of  Jupiter,"  and  of  many  other  works  and  memoirs  con- 
Iiert(  (1  with  the  advanf!  nx  nt  of  astronomical  science  :  he  was  a  very 
pruiound  analyst,  a  most  laborious  and  faithful  calculator,  and  the 
author  of  the  most  important  advancements  which  the  lunar  theory 
xeeeived  in  the  period  which  tetervened  betwaa  the  appeanmoe  m 
the  great  works  of  Lapiaee  and  Plana  to  which  I  have  before  re- 
ferred. 

Jan.  28,  IS*?. — "  Ou  the  Lunar  Atmospheric  Tide  at  St.  He- 
lena."   By  Lieut-Colonel  Edward  Sabiue,  li.A.,  For.  Sec.R.S. 

The  results  of  the  observations  made  by  Captaiii  Lefroy,  of  the 
Royal  Aftiltery,  Director  of  the  Magnetical  and  MeteofdogicBl  Ob- 
servatory at  St.  Helena,  are  here  given ;  from  which  It  appears,  on 
the  examination  of  the  barometrical  changes  during  seven^n  months, 
that  a  maximum  of  pres^sure  r-orresnond**  to  the  rnooTi'''  pa«j<5age  over 
both  the  inferior  and  lor  riu  riaiaii.>*,  lK'in«^  sli^litly  greater  in 

the  latter  case,  and  tiiat  a  minimum  corresponds  nearly  to  the  rt«ing 
and  setting,  or  to  six  hours  Iiefors  and  after  the  ftmner  peiioda.  The 
average  atmospheric  pressures  are  984714  hMhcs  in  the  Anit  ease, 
and  28-2675  in  the  last;  the  difference  being  0-00S9  inch.  The 
hvvihf  of  the  cistern  of  the  barometer  above  the  sea  is  1764  feet; 
and  the  latitude  of  the  Observatory  1.5'^  oV'  S.  These  residtH,  were 
still  further  confirnicd  by  those  of  a  series  of  ol>servatious  during 
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two  jMun.  TImm  obMnmtiotis  alto  mfMSA  the  oopdntkNi  that 
the  mooa  exerta  a  greiUer  iDfluence  on  the  amount  of  atmo«pherio 
pramie  at  the  periods  of  her  perigee  than  at  thoae  of  her  apogee. 
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[Continued  from  p.  139.] 

Jan,  8,  1847. — Ki diu  tinn  nf  the  Observations  of  Hnlley's  Comet, 
made  at  the  Cambndgc  Observatory  m  the  years  1635  and  1636. 
By  the  Astronomer  Royal. 

Theae  obaervatioiis  were  chiefly  made  with  the  S-feot  equatoieal. 
lliey  woe  reduced  a?  far  as  was  praeticaUe  at  the  tiroCf  and  the 
corrections  for  refraction  and  pnrnllax  npplird.  In  this  State  they 
were  published  in  the  Cambridge  Ob^crviitum?  for  1S35. 

The  instrumental  errors,  though  pretty  well  icnown,  and  known 
to  be  small,  were  not  then  oorrected.  It  was  thought  better  to  put 
oflT  this  part  of  the  complete  rednctioii  imtil  correct  places  of  the 
smsJl  stars  oi  comparison  conld  be  obtained.  In  1836  and  1837 
most  of  these  stars  were  observed  at  Orecnwirh,  and  they  are  suffi- 
cientlv  numerous  to  establish  all  the  results  which  can  be  drawn 
from  the  observations  of  the  comet.  Some  stars  could  not  be  seeo, 
though  carefully  looked  for. 

In  exhibiting  the  resolts  two  methods  have  been  followed.  First, 
ttte  place  of  the  comet  has  been  determined  diftreiUially  with  respect 
to  small  stars,  which  have  themselves  been  subsequently  determined. 
Secondly,  the  error  of  the  instrument  has  been  computed  from  the 
observations  of  kuown  stars,  admitting  of  accurate  observation,  and 
tile  error  so  deduced  has  been  applied  to  correct  the  instrumental 
obsenration  of  the  comet.  A  comparison  of  these  results  will  often 
show  which  is  to  be  prefcned. 

The  final  results  are  compared  with  the  Ephemeris  circulated  by 
the  Superintendent  of  the  Nautiod  Almanac,  under  the  date  Dec.  30, 
1835,  which  is  the  same,  as  to  places  unaffected  by  perturbation, 
with  the  Ephemeris  in  the  Appendix  to  the  Nautical  Almanac  of  1839. 
In  this  Ephemeris  the  effects  of  abenation  are  fully  included,  con- 
trary to  the  supposition  of  the  Astronomer  Royal  in  the  CSambridge 
Observations,  1835,  p.  Ixiv. 

It  has  not  been  thought  advisable  to  deduce  the  elements  of  Hal- 
ley's  comet  from  these  observations.  That  task  will  be  best  per- 
formed  by  some  future  Rosenbergcr,  who,  with  all  the  observations 
Irom  both  hemispheres  before  him,  may  hope  to  bring  a  satisfustoTy 
result  out  of  the  whole  mass. 

The  work  is  divided  into  sections  : — 

1.  A  cataloK^nr  nf  9tn.T9  of  comparison 

2.  Errors  of  Ephemeris  in  H.A.  from  differential  observations 
only. 

8.  Computation  of  the  index  errors  of  the  equatoreal  in  R.A. 
4.  Brrofs  of  the  Ephemeris  in  R.A.  from  the  data  of  the  prerioos 
section. 
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5.  Errors  of  the  Epbunem  in        fmoL  diffiuoitiAl  tniiMtB  tt 

the  raural  circle. 

6.  Errors  of  the  Ephetneris  iu  NJ^.D.  from  (lifierential  ubfierva- 

7*  Comfratation  of  the  index  errors  in  N.P.D.  of  the  equatomL 
8  Emm  of  the  £phemem  in  N  J  J>.  Inim  the  data  ol  the  fait 

iection. 

y.  A  tabular  collection  of  all  the  prc\nons  results,  with  remarks. 

On  a  propo&cd  Alterutiou  of  Bessei's  Method  for  the  Computation 
of  Hie  Coneetibiie  bj  wbleh  the  Apperait  Flaeee  of  Stan  we  derived 
from  lihe  Mean  Place.  By  the  Astronomer  RoyaL 

After  mentionhig  the  sreat  superiority  in  unifonnit^  and  sim- 
plicity of  Bessel's  method  over  tho?e  prenously  in  existence,  the 
Astronomer  Royal  remarks,  that  the  strict  attention  to  sign  required 
both  in  the  partial  additions  and  in  collecting  the  bum  is  exceedingly 
troublesome,  and  that  more  erroia  in  obeemtory  b  nfimCBB  anse  fipom 
overright  as  to  s^  than  from  any  other  cause.  He  baa  tberelbra 
been  led  to  consider  die  possibility  of  avoiding  changes  of  sign,  and 
suggests  the  following  method  as  probably  an  im]irovcmeut  in  giring 
the  (Intn  of  the  corrections  in  the  Hphe?neris  and  I  ulalogue. 

On  cxamimng  the  maximum  values  of  the  tjuiuitities  A,  B,  C,  D 
in  the  Nautical  Almanac,  and  of  a,  b,  c,  d,  a',  b\  W  in  the  Britidi 
Association  Catslogne,  it  win  be  seen  that  A,  B,  and  D  can  never 
be  equal  to  25,  that  c'  is  always  less  than  25,  and  that  up  to  a  north 
pokr  distance  of  3°  45',  c  must  also  be  less  than  26.  AJU  the  other 
numbers  are  less  than  1*2. 

LctE=A  +  55  Let<r=n+  1-2         Lete'=a'-j-  1-2 

F=:B-i-25  /=A+  1*«  f=^b+  1-2 

All  the  introduced  symbols  aie  necessarily  positive. 
Arranging  and  multiplying 

A«=Ee— l-2E~2or  f  no 
BA=F/- l'2F-26/4-au 
Btc.  Ac. 

And 

A0'=Er'-]-SE- S5«'+a0 

&c.  Sec. 

Hence,  collecting  and  arranging,  it  will  be  fr»nnd  that  the  sums  of 
the  corrections  in  H.A.  and  in  north  poUur  diiitauce  will  be  respect- 
ivclyj"^" 

in  N.P  J).«1«H)  -^Ec'  +  Vf'  +  G^-^  HA' 

-(l-2E-f  1  2F-j-26G+l-2H) 
-{26   +26/'+  l-S^-f  25A') 

where  the  numbers  are  ("ecoiids  of  time  in  the  first  groopf  and  so- 
conds  of  space  in  the  latter. 
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It  win  be  seen  that  the  sccoad  line  in  each  gn'oup  is  idntiial, 
and  depends  solely  on  E,  F,  &c. ;  that  is  on  A,  B,  C,  and  D.  Thia 
tbereforp  ronld  be  tabulated  in  the  Ephemeris  for  the  day,  under  one 
symbol  K.  The  third  lines  depead  on  a,h,hc.  and  r?',  &c. ;  and 
therefore  adokit  of  tabulation  in  the  Cataloyue  as  k  and  k'  respectively 
far  6tcii  ttar«   TI16  cQTfwHoMB  ccndd  now  be  in  tlui  faun  i^— 

In  R.A.   =J20'  0+E£  +  F/  +  Gg+HA-(K+*; 
In  N.P.D.=l«r-0 + E€'+F/'+ H//-(K + ky 

The  greate:5t  possible  value  of  K  is  about  182,  and  the  greatest 
i^UM  of  k  and  k'  are  about  1 70.  Let 

L=190-iC,  /=rl70-*,  /'=170-*'j 

then  subatitutiog  these  values  in  the  last  equations,  the  corrections 
are, 

InltA.  ssEe+P/+Gf+Hil+L+l-M*'00 

in  wUeb  every  symbol  is  neoessarily  poiitiTe. 

Hie  AstroDomer  Royal  finds  tw  lo^pttithms  with  five  decimal 
places  would  be  wanted  for  the  coRectioiis  in  R.A*,  and  that  fans 

would  be  sufficient  in  N.P.I). 

An  additional  column  would  thus  be  required  for  the  Ephemeris 
and  two  columns  for  the  Star  Catalogue,  but  there  would  be  no  sign 
employed  either  in  the  teboletion  or  cominitalion.  The  trouble  of 
dedncmg  E,  F,  &c.,  «./,&e.,Lb/,  &c.  is  trifling,  and  might  be  made 
still  easier  by  subsidiary  tables.  Tlie  change  proposed  is  not  recom- 
mended for  uncatalogued  stars  observed  only  once.  Stan  which 
are  nearer  the  pole  than  3°  45'  require  special  treatment. 

UibiU  ol  Double  Stars.    Computed  by  Capt.  W.  S.  Jacob,  B.E. 

These  oihits  have  been  oompnted  horn  all  the  observations  acces- 
sible to  the  author,  including  his  own  for  the  current  year*  The 
Olliit  of  Castor  has  only  been  roughly  deduced,  as  the  olwervations 
are  not  yet  suflicient  to  define  the  elements  with  precision.  It  was 
undertaken  by  Captain  Jacob  for  the  purpose  of  ascertaining  what 
alteration  was- required  in  Mr.  Hind's  elements  to  make  them  repre- 
•wt  his  own  ohserfatums,  and  those  of  Captain  Smyth  in  183S  and 
1848, 

In  oomputing  the  oihita  of  tibe  other  stars,  the  method  of  least 
square  has  been  eTn]>loycd  to  rorreol  the  elements  whioh  were  ob« 

tained  in  Sir  J,  Herschei't  luanuer. 

The  stars  which  Captain  Jacob  has  computed  are  Castor,  {  UfM» 
y  VirginiB,  and  70  OphiuchL 

Notiee  respecting  a  pahr  of  Chinese  Planispheres  brought  from 
Gbnsan^  and  presented  to  the  Society  by  Captain  Sir  E.  Home,  Bart. 
R.N.    By  iMr.Woolgar. 

The  hemispheres  are  of  twenty-five  inches  internal  diameter,  pro- 
jected stereographicany  on  the  j?lane  of  the  ecliptic.  The  raaj^ni- 
tudes  of  the  stars  are  represented  coHventionuUj^  by  a  method  which 

malraa  a  stair  of  the  first  magnitnde  leas  conspicoons  than  one  of  the 
third  or  fourth.  There  are  six  nagmtodes.  The  prindpal  stars  are 
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comiBeted  by  right  lines.  The  grotipa  thus  fomed  tftMftiliw  do, 
and  sometiima  do  not;  agree  with  those  fmuid  m  loaM  Swopeea 

Tiie  map  b  executed  coarsely  by  block-printing.  The  po(utioQ« 
tad  magnitndca  en  inoomet.  llnve  ie  im>  a^iMenuace  of  European 
ongin*    The  seleeliaa  ol  etue  of  the  iftfa  end  ifatth  mofniitiide 

oooid  not  well  have  been  copied*  and  some  etan  are  inserted  which 
are  not  to  be  found  in  any  common  catalogQe  or  au^  The  qpooh 
aeems  to  be  about  a.b.  1735. 

A  Historical  Surrey  of  Comets.    By  Dr.  Michelsen. 

Hie  author  commences  with  a  general  review  of  the  early  history 
of  comeCary  astroaomy,  and  notioea  Uia  nnoertunty  attaching  to 
anoient  Bnropean  accounts  of  eomets :  the  Information  given  us  by 
the  Chinese  annalists,  Ma-tuon-lin,  as  sketched  by  Mailla,  Gaubil  and 
Dc  Gui^ne?,  i^rescnting-  a  more  definite  aspect.  He  remarks  that 
the  comet  whicli  appeared  in  the  time  of  Anaxngorns  may  be  con- 
sidered the  tii'st  established  historically,  though  as  yet  unconfirmed 
by  any  astronomieal  cateidation. 

The  antbor  then  pioceeda  to  give  a  detailed  description  of  the  moat 
celebrated  comets,  commenmng  with  Halley's,  which  he  endeavonra 
to  trace  back  a.**  fur  a??  the  year  A'lG  b.c,  Thf  v?>rion««  confirmed 
appearances  of  the  comet  since  145G  are  then  described,  and  also 
circumstances  relating  to  comets  in  previous  centuries,  which  might 
poeribly  be  identical  with  HaUey^a. 

Hie  eonet  of  Sndw  la  traoed  from  ita  dueoveiy  by  Meoliaina  In 
1766,  to  the  pwseot  time.  The  detection  of  a  resisting  medium  in 
space  from  the  motion  of  this  comet,  and  the  determination  (framlii 
perturbation?)  of  the  mass  of  Mercury,  are  also  nntirrd. 

Biela's  comet  is  described  at  its  different  appearances  since  the 
year  1772.  The  auUior  notices  ^e  supposed  identity  of  the  comets 
of  1964  and  1666,  and  of  tiMMieof  1538and  1661.  TbegrsatooaMt 
of  1843  is  described,  and,  assmniag  the  period  of  revolution  to  be 
about  175  years,  some  ancient  oometa  are  mentioned  wUch  might 

p<^sibly  be  the  same. 

Those  comets  which,  though  only  observed  at  one  appearance, 
yet  remained  visible  long  enough  to  allow  their  periodicity  to  be 
deteimined,  are  placed  in  a  sejparate  dass.  The  eomet  of  Olben  la 
1615  ia  eoniputed  by  Bessel  to  bafa  a  period  of  74  years,  and  the 
next  return  is  fixed  for  February  9, 18B7.  The  comets  of  1740  and 
1G66  do  not  ehow  the  least  rescmMmire  to  tbi«.  The  p^ent  comet 
of  1811  was  found  by  Argelandcr  to  have  a  period  of  30GG  years. 
The  second  comet  of  1811  was  computed  by  Nicolai ;  it  was  much 
Mitar  dnn  tiia  tet :  the  period  aasjgned  laabonfe 766  years.  Bote 
made  tfm  time  of  refolntion  of  tbe  oomet  of  1619  abovl  71  jaara* 
The  comet  of  1807  waa  oompotod  by  Bessel,  who  fixed  the  period  at 
about  1714  TCT\r?. 

The  author  describes  the  celebrated  comet  of  1680,  that  of  Lexcll 
in  1770,  the  comets  of  1769,  1780.  1783,  1793,  &c..  and  concludes 
that  there  are  three  comets  whose  return  is  certain ;  fi?e  probably 
periedfaalj  ftom  tbe  dmiiacltj  of  flieir  elemento  witk  Ifaoae  of  pre. 
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cedliig  oometi  t  nineteen  for  whieli  elliptical  orBits  have  been 
calculated  with  ?ome  degree  of  probability,  making  the  total  number 
of  periodical  comets  twenty -spven. 

In  the  latter  part  of  the  paper  a  geoeral  account  of  remarkable 
comets  is  given*  commencing  with  that  mentioned  by  Ovid»  and  ooii* 
tinned  dawn  to  1843.  The  author  baa  collected  together  the  beet 
determinationa  of  the  orbits  of  periodical  oomett,  and  many  paiti> 
.  enlara  relating  to  the  phyiical  appearance  of  thete  bodiea. 


XXXVII.  hUdUgeace  and  MiteeUaneimi  Jbiidei, 
ON  nawToir'a  teliicofs  av  tbb  sotai.  aociBTT. 

Gbittlsiibn,  Sidmonth,  Febb  9, 1847. 

YOUR  coireapondent  Mr.  Weld  charges  me,  in  a  somewhat  angry 
tone*  with  having  made  au  unfounded  statement  respecting  the 

telescopes  of  Newton  and  Hadlcy.  For  my  own  justification  I  5ub- 
join  the  extract  from  which  I  derived  my  information,  and  leave  the 
result  lu  the  hands  of  Sir  Jamea  South  and  Mr.  Weld. 

With  respect,  I  am.  Gentlemen, 

Yours  oblked, 

N.  S.  Hbihbkbit. 

"  The  Newtonian  reflecting  teleict^  was  discovered  by  the  head, 
and  made  by  the  hands,  of  Sir  Isaac  Newton  in  1671.    Its  large 

pperiilum  was  two  inches  and  three-tenths  in  diameter;  its  focal 
len«^h  was  about  five  inches,  and  maijnified  thirty-eight  times  :  it  is 
in  the  poa«ei»sion  of  the  lioyai  Society.  1  regret  tu  say  it  is  in  a 
most  dUapidated  oonditioa,  and  ito  eye-glass  is  loat.  The  next  of 
anj  importence  waa  made  by  Hadley  in  1 728 ;  its  large  specidum's 
diameter  was  about  six  inches ;  its  focal  length  about  sixty. three 
inches  ;  it  magnified  230  timrg  ;  in  performance  it  equalled  the  great 
Huysj^enian  refracting  t<'k'8cuj)e  of  six  inches  diameter  and  123  feet 
iocua.  He  gave  it  tu  tlie  lloyal  Society.  Its  metal  u  ruiued,  and  its 
tube,  ito  stuid,  and  other  of  its  appurtenanoea  are  loat*  &c.**— Sflsut. 

I  have  extracted  the  above  from  the  Magasine  of  Sdenoe,  yoL  fii. 
p.  ae  N.  8.  H. 

yote. — We  learn,  on  making  Inquiry  of  eminent  practical  aitroBoment 
on  whose  judt^em^'nt  we  rnn  relv,  that  there  h  no  foundation  for  the  repre- 
WDtatioo  given  m  the  above-cited  letter  to  the  Time*  newspap«r.  At  the 
tame  dme  we  cannot  tee  that  aay  blame  whatever  attsehei  to  oqr  nnch- 
respected  correspondent  Mr.  Hstoeksn^  fdjiof  at  he  has  dooe  on  the  au- 
thohtj  which  he  quote** — Ed. 


FORMATION  OS  8ULPHOT1N1C  ACID.    BY  If.  M.  S.  MIIXOM. 

The  author  ^tatc"*,  that  some  years  since  wisfiinp!'  to  prepare  pul- 
phovinic  acid  with  peculiar  care,  he  made  a  mixture  of  sulphuric  acid 
and  alcohol  in  a  platina  crucible  surrounded  with  ice  and  common 
salt :  the  acid  mixtore  being  afterwards  saturated,  did  not  yield  the 
slightest  trace  of  sulphonnate. 

Wishing  afterwards  to  asoertsin  precisely  tho  oonditiQiia  midar 
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which  the  fbnnation  of  sulphovinic  acid  occur*,  tibe  author  discovered 
that  it  depended  on  several  circumstances,  the  principal  of  which  are, 
— 1st,  the  rolfiti>e  ]iroj)ortiuiiT  of  acid  and  alcohol;  2ad,  the  heat 
applied  lu  the  imxtmc ;  3rd,  the  heaUug  of  the  two  liquids  at  the 
muumX  of  mizii^  fhem ;  4di,  tiis  tame  during  which  m  add  tad 
alcohol  nmam  m  contact.  To  ascertain  these  pcMuts,  1^  anilior  «t 
first  employed  monolivdi  \ted  sulphuric  acid  SO^,  HO,  tad  absolute 
alcohol  H"  O'.  or  i'\<y  hydmted  H*»0<,HO  :  there  is  no  differ- 
cnct>  in  \\w  pr  sg  oi  the  reacUuu,  whether  abaolute  or  hydrated 
uicohoi  be  employed. 

To  deteniiiiw  the  quantity  of  fii^oviine  tcid  formed,  the  same 
quantity  of  aolphnrio  add  aa  that  ntad  widi  the  akohol  was  mized 
with  water ;  and  thia  laat  waa  naad  in  such  proportion  as  to  make 
the  diluted  acid  equal  in  volume  to  the  mixture  of  acid  and  tdcohol. 
Equal  portions  of  the^^c  were  then  saturated  with  nn  nlkaline  solution 
of  known  htrength,  and  by  the  difference  the  proportion  of  combined 
sulphuric  acid  was  determined ;  it  being  ascertained  that  sulphuric, 
on  becoming  sulphovinic  acid,  aatoiatea  one-half  leaa  base. 

When  equivalents  of  attlplillric  acid  and  anhydrous  alcohol  are 
employed,  the  following  results  arc  obtained :  if  the  alcohol  be  ren- 
dered extremely  cold,  and  the  sulphuric  acid  be  gradually  added,  so 
as  to  avoid  rais^ing  the  temperature,  no  combination  whatever  takes 
place.    The  sulphuric  acid  retains  all  its  suturuLing  power ;  aud  if  it 

be  kept  conttantly  coded  by  mdting  ice,  the  ttroiglh  of  the  aoid 
femains  the  same  for  aefend  lucoeiaLTe  days.   A  tempearatnre  of  5Xf 

to  60°  P.  vk  sufficient  to  cause  the  conversion  of  77  parts  out  of  100 
of  sulphuric  acid  into  «ulphovinic  ;  thus  about  three-quarters  of  what 
the  sulphuric  acid  is  capable  of  yielding  are  produced ;  this  propor- 
tion cannot  be  exceeded.  It  remains  the  same  for  several  months, 
and  it  iamclew  to  lalae  the  tenMewtore  of  tiiemiitDw,  When 
eqnivalenla  of  adphwio  add  and  dodud  are  need*  77  out  of  100  of 
tile  acid  is  the  la^eal  pfoportion  that  can  be  formed  into  sulphovinic 
acid.  This  formation  requires  several  days  at  50°  to  Gf>°  F.  ;  but  it 
occurs  in  a  few  hours  at  8G°  to  90^^  F.  ;  aitd  it  tnkes  place  in  a  few 
miuuteia  if  the  mixture  be  immersed  in  boihng  water;  and  it  is  a 
remarkable  circumstance  that  the  combination  is  instantaneous,  if 
liia  akohd  be  aoddenly  ponied  into  die  adpharic  add  so  as  to  pvo- 
dnee  great  heat 

It  appears,  therefore,  that  there  are  in  reality,  in  this  formation  of 
sulpho%nnic  acid,  three  sources  of  chemical  action  which  are  equiva- 
lents ;  they  are  time,  the  temperature  applied,  and  the  natural  heating 
of  the  mixture.  The  action  of  light  was  repeatedly  attempted  to  be 
snbatituted ;  bnt  tlie  dneet  application  of  themostintflDaesolar  mys 
never  aeedMBted  the  fbrmatioQ  of  sulphovinic  add. 

The  mixture  of  two  equivalents  of  akohol  with  one  equivalent  (tf 
sulphuric  acid  acts  exactly  in  the  same  manner  as  the  preceding 
mixture  ;  only  it  is  more  easy  to  avoid  in  it  the  formation  of  suipiio- 
viuic  acid  ;  the  iuHuence  of  time  and  heat  is  similarly  exerted.  The 
so^urio  add  ptodnoea  a  Uttie  Iom  aolplioviBio  add,  firon  79  to  74 
inlOOpartis  tiwiKMii-aolMMkof l^tiaahnilar. 
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If  however  two  eqdfile&ti  of  sulphuric  wad  and  one  e(||uinJent 
of  alcohol  be  employed.  ciieanutanceB  we  iltered ;  sulphovmic  acid 

is  alwavp  formed  ;  and  still  more,  the  proportion  of  ?nlphnvinic  acid 
is  always  the  same,  whether  the  acid  be  poured  into  the  hIcdUoI  or 
the  reverse  ;  whether  metallic  v^sels  be  used  or  not;  and  whether 
they  are  or  are  not  cooled.  The  whole  of  liie  add  and  akohol  do 
not  however  combine ;  the  reaction  does  not  take  plaoe  on  much 
more  than  half  of  the  mixture,  for  not  more  than  54  of  ealphc^iiuc 
acid  cnn  be  formed  from  100  of  sulphuric.  'ITiis  proportion  does  not 
change  by  prolouging  the  contact,  or  even  by  the  application  of  a 
heat  of  212"^  F.  continued  for  several  hours ;  the  capacity  of  satura- 
tion of  the  acid  mixtnie  lemahu  the  same.  In  heating  to  212^  the 
volume  ia  acaraely  dimintahed ;  it  follows,  therefore,  that  the  alcohol 
which  is  not  changed  into  sulphovinic  acid  must  be  retained  by  a 
peeidiar  affinity.— de  CA.  el  de  Ph^9^  Fevrier  1847. 


ON  A  METHOD  OF  PRODUCING  LIGHTS  AND  SHADES  IN  EQUAL 
P£RF£CTION  IN  DAGUERREOTYPE  PICTURES.  BY  MM.  ££L- 
TIELD  LEPEVRE  AND  LEON  FOUCAULT. 

It  was  observed  sotm  after  M.  Dao^iierrc  hiui  made  known  his 
wonderful  discovery,  tiiat  the  iodized  plate  was  not  suited  for  pro- 
ducing a  perfect  image  of  every  object,  but  that  if  theie  vaa  a  great 
wietj  of  l^ht  and  shade,  t.  e.  very  light  and  very  dark  paita,  they 
would  not  be  simultaneously  brought  out  with  correctneaa :  one  of 
those  two  alternatives  must  be  chosen ;  either  to  stop  the  process 
when  the  hr^ht  ])arts  of  the  jiicture  are  brought  out  (in  which  onse 
the  dark  parts  wiii  not  be  clearly  distinguishable),  or  to  allow  tiic 
U^t  to  act  for  a  longer  time»  in  order  to  tender  the  daik  parte  di- 
atmct  i  but  in  this  case  the  light  parts  will  be  rendered  indietinct, 
or,  as  it  is  caUed,  burnt. 

Tliese  evils  have  fortunately  been  remedied  by  the  employment  of 
certain  substances,  which  not  only  allow  of  tlie  operation  being 
performed  with  greater  rapidity,  but  also  produce  sensitive  surfaces 
capable  of  receiving  a  much  greater  variety  of  tints.  These  are, 
however,  far  from  being  perfect ;  and  therefore  if  any  proceae  could 
be  discovered  which  would  bring  out  the  light  and  dark  parts  of  the 
picture  with  equal  distinctness,  without  increasing  the  sensitiveness 
of  the  plates,  it  would  be  advi.sable  to  hnve  recourse  to  it  in  certnin 
cases.  If  the  operator  knows  how  to  work  well  upon  these  diflcicut 
aenailive  eur&cea*  without  confining  himeelf  eicluaively  to  the  moat 
eoieitive,  he  will  be  able  to  prcKluce  any  effect  deared ;  for  instance, 
if  requisite,  he  will  moderate  the  intensity  of  the  rays  of  the  sun 
bearing  upon  objects  of  inadequate  reflective  powers,  or  heighten 
the  tone  of  a  picture. 

With  a  view  to  facilitate  the  attainment  of  good  results,  Mr.  Bel- 
field  and  myself  determined  on  making  known  a  new  mode  of  pre- 
paring the  aensitive  soriacee,  the  effect  of  which  is  to  impart  to  the 
pUtes  the  property  above-mentioaed,  and  which  aenmilatea  them  to 
the  human  retina. 
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is  easily  performed  by  persons  who  are  accusttHoed  to  employ  Uiose 
substaaces  separately.  It  consists  in  polishing  and  iodizing  the 
plate  in  the  ordinary  manner,  and  afterwtuds  cauftinq;  if,  by  any 
coaveaieut  meaiis,  to  absorb  three  times  as  much  vapour  ut  brumme 

is  nmlly  thought  tufficient  to  noder  the  pktM  it  maMf  m 
pofible.    WhiUt  the  ordinary  quaati^  of  hrooiiMdoM 
alter  the  tint  of  the  iodized  layer,  that  wliiBli  ire  renoimnnnj  eaaeaa 

it  to  assume  a  deep  blui?!i  violet  tint. 

The  sensibility  of  the  pi  ales  thus  surciiarged  witli  bromine  i?  re- 
duced to  a  third  of  what  it  would  be  if  the  ordinary  quantity  uuiy 
were  used ;  but  at  the  same  time  they  are  rendered  capable  of  pro- 
dnfiing  a  pefieet  pietiira  of  aubjeete  pffeaenting  die  greateet  faiieiy 
of  ahade.  This  will  be  seen  by  inspecting  a  mmU  picture,  presented 
herewith,  which  was  produced  when  the  sun  was  ahining.  There 
will  be  perceived  the  clouds  in  the  ^^ky,  white  houses,  with  the  sha- 
dows well-detined,  and  trees,  the  loIiagL  of  which  is  delineated  much 
in  the  same  manner  as  if  executed  by  aii  ai  tist. 

We  Tecommend  the  ordinaiy  quantity  of  hromiiie  to  be  ezMdy 
tripled ;  as  if  less  than  this  quantity  be  used,  the  picture  will  not  hie 
properly  brought  out ;  and  if  more  than  this  quantity  were  used,  the 
mercury  would  not  be  propedy  oondenaed  and  the  image  wooki  not 
be  so  well-defined. 

This  new  property,  communicated  to  the  ioilized  plaLe»  by  an 
excess  of  bromine,  may  be  very  usefully  appUed ;  and  besides,  as 
it  appeared  to  na  tint  tola  etatement  might  be  luefbltotheehei^eat 
world,  we  have  been  induced  to  make  this  communication  to  the 
Academy. — Comptes  Rtntbu  de§  84tmet§  4i  FAeadimie  4e$  iMmm^ 
(at  immtti  ia  IA#  Lmnium  Jcurnai,) 


OBSFRVATIONS  ON  THE  EXPERIMENTS  OP  ME5?STIS.  FOUCAULT 
AND  FIZEAU,  RELATIVE  TO  THE  ACTION  OF  THE  RLU  RAYS 
UPON  DAGUERREOTYPS  PLATES.  BY  M.  EUMOND  BECQUKIteU 

Messrs.  Foucault  and  Fi^eau,  nt  the  sitting  of  the  Academy  on  the 
5th  in?t.  (October  1846),  presented  some  observations  concerning 
the  action  of  the  red  rays  upon  Daguerreotype  plates,  from  which  it 
would  appear  that  the  least  refrangible  part  of  the  solar  spectrum 
aeti  upon  the  iodide  of  eilver  in  an  niTene  manner  to  me  noet 
refrangible  portion.  Aa  it  a|^>ears  that  these  gcndemen  are  not 
acquainted  with  the  experiments  which  have  been  made  during  the 
last  few  vears  on  this  subject,  and  as  the  TT«*n1t3  stated  by  them  do 
not  appear  to  me  to  lead  to  the  conclusu»ii?i  which  tliey  deduce,  I 
take  the  liberty  of  submitting  some  remarkt^  tliereou  to  the  Ac€uiemy. 

Dr.  Draper  (PhUoeopbical  Magamne^  Not.  1849),  on  examining 
tlie  image  imxiooed  by  the  action  of  tiieepeetvwniipon  iodiaed  platea 
of  silver*  inade  known,  before  these  gentlemen,  tim  eKietenoe  et  pro* 
tectincr  rnys  modifying  the  influence  of  tlie  ^olar  vnyg,  and  even  acting' 
negativt  ly  upon  the  iodide  of  silver,  hir  J.  F.  VV  .  Herschel  exiimined 
the  pictures  on  that  occasion,  and  in  a  very  interesting  experiment 
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(Philosophical  Magazine,  Feb.  1843)  on  the  different  appearances 
wliick  the  iodized  plat<2d  assume  when  exposed  for  the  &ame  space 
of  time  to  varying  intensity  in  the  light,  and  nibDUtted  to  the  vapour 
of  mercoryv  attributed  these  effects  to  the  unequal  thkdoiess  of  the 
substances  deposited  upon  the  plates  of  silver  serving  as  reflecting 
surfaces.  He  showed,  moreover,  that  on  operating  upon  paper 
covered  with  iodide  of  t-ilver,  notliing  wa.-*  observed  which  indicated 
the  action  of  negative  ray&,  but  that  all  tlie  active  parts  of  the  solar 
spectrum  acted  chemicaUy  in  the  lame  manner  on  tfie  iodite. 

The  experiments  which  I  have  made  on  the  cbenueal  aetioii  of 
the  solar  rays,  from  1841  to  1844,  have  all  led  me  to  the  same  con- 
clusion. Attention  ought  not  therefore  to  be  (!irected  to  the  deposits 
formed  on  the  surface  of  Daguerreotype  piates.  as  if  these  were  the 
only  data  to  lead  to  the  conclui^ion  that  the  rays  acted  in  various 
waya ;  for  if  ao,  there  would  be  risk  of  defective  feaolts. 

In  support  of  the  foregoing  I  will  cite  the  following  experiment; 
of  the  accuracy  of  which  any  person  will  be  able  to  judge.  "  Let  a 
Daguerreotype  plate  be  prepared  with  iodine  only  (in  order  to  avoid 
the  admixture  of  active  substances),  and  let  the  blue,  indigo,  and 
violet  parts  of  a  puritied  blue  spectrum,  presenting  Fraunhofer's 
black  lines,  be  thrown  upon  it.  ^  the  action  only  laata  a  abort  time* 
after  submitting  it  to  the  mercury  vapour,  the  black  lines  will  be 
seen  to  fix  tiiemselves  upon  a  white  ground,  which  represents  those 
parts  affected  by  the  nrtive  jiarts  cjf  the  spectnim*."  But  if  the  plate 
be  exposed  to  the  spectrum  tor  an  hour  or  more,  then  the  appearance 
of  the  plate  changes,  on  passing  it  through  the  mercury  vapour ;  the 
linea  of  the  apeotrum  aie  tcaroely  marked,  and  the  action  liaa  been 
nearly  uniform  throughout  its  surface,  but  the  linea  which  are  visibla 
appear  white,  and  show  \cry  distinctly  upon  the  ground,  which  ap- 
proaches to  blackness  :  the  ellect  h  quite  contrary  to  what  it  was 
before.  That  portion  of  the  plate  which  is  acted  upon  by  the  violet 
part  of  the  spectrum  has,  under  these  circumstiuices,  the  same  ap- 
peaianoe  aa  tiie  portion  of  the  plate  expoeed  to  the  red  rays  by  Metan. 
Fottcanlt  and  Fizeau  ;  and  to  produce  this  effect,  it  was  only  necea* 
sary  to  vary  the  time  of  exposure  of  the  plate  to  the  same  por- 
tion of  the  spectrum.  Mn>t  it  be  inferred,  in  the  second  case,  that 
the  iodide  of  silver  had  been  acted  upon  by  negative  rays  ?  Certainly 
not ;  for  if  the  experiment  be  repeated  upon  iodide  of  silver  laid  upon 
paper,  the  paper  will  become  darker  and  darker*  in  proportMNi  to  the 
time  it  continues  expend  to  the  spectrum:  and.  besides,  I  have 
found  (Antiulcs  de  Chimie  *ft  dt!  Physique,  3rd  series,  vol.  ix.  p.  268 
ct  acq.)  that  the  electrical  effects  arisinj^  from  tiie  chemical  decom- 
position of  the  iodide  always  act  in  the  same  direction. 

It  will  be  seen  that  the  conclusion  to  which  Mestfs.  Foucault  and 
Fisean  came.  vis.  that  there  exiat  in  the  red  priamatic  rays  negative 
fays,  cannot  be  received,  simply  firom  the  fact  that  the  Daguerreo- 
type plates  are  not  always  the  same  in  appearance.  'Hie  contrary 
effects,  as  will  be  seeu  hereafter,  are  secondary  effects  produced  by* 

*  E  B^cqnerel  on  the  Constitution  of  the  Sokur  Spectrum^ — BiUkdhiywt 
UmmruUe  de  Gemve,  August  184^. 
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smnl  ehemktl  naelions  taking  place  nmnltaiieoiMly,  ind  ne  nol 
due  to  contrary  action,  ezeicised  on  tbe  part  of  IIm  iolar  nji*  on 

the  ifHido  of  silver  alone. 

AnoLlicr  fact  which  I  will  call  attention  to  is,  that  thp  Ira^t  refmn- 
gible  part  of  the  spectrum,  instead  uf  possessing  a  negative  action 
upon  tbo  lodido  of  nlvor»  omeim  ft  continiioiiB  InfliMnoo  upon  noit 
of  Uie  aolts  of  silver  alone,  todi  m  tbe  Iodide,  the  bromide,  and  tbe 
chloride  ;  and  also  that  the  experiments  upon  which  this  proposition 
is  founded  have  been  verified  by  the  rommis!»;oner«  of  the  Acodemy. 
charged  with  the  examination  of  one  of  my  memoirs. 

In  the  foregoing,  the  only  point  discussed  was  the  influence  of 
light  upon  iodide  of  eihrer,  or  Uio  ibn]^  ealto  of  tluit  meCy.  Vnm. 
plateB  of  silver  are  exposed  tuooeanvely  to  the  Tapoun  of  iodine, 
bromine  or  ddorine,  the  mixtures  obtained  may  s^ive  riie  to  ttrione 
kinds  of  chemical  reaction,  of  which  the  result  only  is  ap]>reciaWe. 
For  til  is  reason  these  mixtures  must  not  be  employed  without  great 
caution,  and  the  Daguerreotype  plates  must  be  used  as  little  as  pos- 
sible in  experimenting  M  to  the  natoie  of  tbe  netife  rays. 

In  order  to  show  how  ftr  ffao  mixtme  of  oeniilive  nsteriili  ii 
capable  of  influencing  the  effects  of  the  spectrum,  I  wifl  direct  Atlfln- 
tion  to  the  foUowinrr  o1)«en*Htion  of  Sir  J.  Hcf^chcl  : — 

Tf  paper  be  prepared,  lirst  with  a  strong  solution  of  lead  and  after- 
wards with  bromate  of  potash  and  nitrate  of  silver,  a  surface  w  lU  be 
produced  which  will  speedily  beoone  Uaek  on  exposure  to  the  light ; 
on  being  presented  to  the  speotnun*  the  bhuik  tint  will  be  prodaoed 
in  &e  most  refrangible  nye*  ■■  fiv  as  green.  But  if  the  paper  has 
been  blackened  by  pre\'ious  exposure  to  the  light,  on  being  covered 
with  a  dilute  solution  of  iodide  of  potasf*ium  and  exposed  to  the  blue 
part  of  the  sj^ctrum,  the  paper  will  become  white.  Tliis  result 
proves  that  the  iodide  of  potasunm  is  decomposed,  and  thatlho  tilver 
which  stained  the  paper  being  iodised,  and  coming  in  contact  with 
an  alkaline  iodide,  ceases  to  be  affected  hf  the  light ;  die  paper  wiU 
tiierefore  remain  of  a  yellowish-white  in  Uiat  portion  of  the  spectltim 
on  which  the  reaction  takes  place. 

If  the  layer  of  iodide  of  potassium  employed  is  produced  firovs  a 
dilute  solution  of  that  salt,  the  paper  not  only  becomes  white  in  the 
Tiolet  part  of  the  ipeclnm,  bat  alaoheooniee  daifcer  in  tte  red  rayi, 
and  evm  beyond,  n  nentral  line  being  in  the  middle.  It  would  ap- 
pear dierefore,  from  an  examination  of  the  image  thus  obtained,  that 
tu  n  contrary  rosnltH  were  produced  ;  viz.  the  destruction  of  the  co- 
lour in  the  violet  j)art  and  ita  aug^mentation  in  the  red.  These 
effects  may  be  easily  explained  as  two  distinct  chemical  reactions  : 
first,  the  action  of  tiieUght  upon  tiie  iodide  of  aihrer,  the  oolooring  of 
iHikh  had  commenced ;  second,  the  action  of  tbe  fight  to  eflfect  the 
decomposition  of  the  iodide  of  potassium,  and  the  iodizing  of  the 
rilver  arijincr  from  r!ie  sub-iodide  formed  hy  the  first  reaction  As 
the  red  part  ol  the  spectrum  contains  those  rays  which  cotitinue  the 
chemical  action  commenced  upon  the  salts  of  silver,  and  as  tlie 
first  reaction  ii  only  oommenoed,  the  latfeer  has  moot  infinenoe  ta 
that  part  of  tiieapednun.  The  aeoond  reactioa  is»  on  the  contrary. 
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at  its  height  in  the  violet.  Thus  these  appearances  of  inverse  action 
in  the  colouring  do  not  arise  from  two  distinct  effects,  positive  and 
negative^  produced  by  the  rays  upon  the  same  sensfitive  Burface,  but 
are  owing  tu  two  distinct  chemical  reactions,  which  predominate 
mpeetively  In  the  red  and  violet  parts. 

If  the  blackened  paper  be  covci  t  d  with  A  fresh  layer  of  iodide  of 
potassium,  it  will  begin  to  turn  white  at  tlie  least  refrangible  part, 
and  the  neutral  line  will  again  approach  the  red  ;  if  a  sufficient 
quantity  of  iodide  be  used,  the  pajier  will  turn  white  from  the  violet 
to  the  red ;  but  if  a  very  strong  solution  of  iodide  were  employed, 
the  paper  would  whiten,  even  in  the  dark;  so  violent  is  the  action 
of  the  iodide  of  potassium  upon  metalUc  silver. 

These  results  clearly  prove  that  sevend  chemical  action?  may  take 
place  simultaneously  in  the  mixtures  of  sensitive  substances,  the  re- 
sults only  of  which  are  observable.  Analogous  effects  must  neces- 
sarily be  produced  on  employing  iodized  plates  of  silver,  and  after* 
wards  exposing  them  to  the  vapour  of  bromine  or  to  chlorine ;  and 
perhaps  even  when  using  plates  iodized  according  to  M.  Daguerre's 
plan.  In  fact,  'under  these  circumstances,  the  iodide,  chloride,  or 
bromide  of  silver,  are  in  direct  contact  with  the  metallic  silver;  and 
as,  by  the  decomposition  of  these  salt«,  through  the  action  of  the 
light,  subsalts  are  formed,  the  result  is  that  iodine,  chlorine  andlno* 
mine  are  exposed  directly  to  tiie  above-named  salts,  and  even  to  the 
metallic  silver  itself,  at  ate  moment  when  the  solar  action  makes  its 
influence  felt.  These  reactions,  which  are  sufficiently  complex,  be- 
come more  so  by  the  iodides,  chlorides,  and  bromides  of  silver  being 
submitted  to  the  action  of  rays  which  always  act  with  the  same 
energy  in  the  violet  part  of  the  spectrum  ;  whilst  in  the  red  portion 
the  rays  react  with  greater  energy,  owing  to  certain  chemical  actions 
naving  commenced. 

It  is  therefore  essential  to  distinguish  between  the  chemical  re- 
actions effected  under  the  influence  of  light  upon  sensitive  substances 
alone,  and  upon  corabinattons  of  them.  This  has  nut  been  done  by 
Messrs.  Foncanlt  and  Fizeau  t  they  have  consulered  a  Daguerreotype 
plate  as  offering  a  Mptavte  genntwe  tmfaee,  whilst  it  is  only  by  a 
miztnre  of  substances  that  different  effects  can  be  jiroduced  in  tiie 
varioui?  pHrf-^  of  the  spectrum,  as  is  pro^■ed  Ly  lit  i-rhcrs  experi- 
ment, and  witiiout  the  existence  of  rays  acting  in  an  inverse  direc- 
tion. Thus  it  has  been  proved  by  experiment,  that  the  solar  rays, 
although  of  various  degrees  of  refrangibility,  only  act  in  one  way 
upon  iodide  of  silver ;  whilst  a  mixture  of  this  substance  with  other 
matters  may  c  cc  a^ion  several  chemical  reactions  acting  conjointly 
and  hiding  the  pnncij)al  effect. 

If  the  light  acts  only  in  one  way  upon  iodide  of  silver  (the  con* 
tinuous  rays  included),  the  case  may  be  different  on  other  sensitive 
substances,  and  the  rays  may  act  sometimes  poatively  and  sometimes 
negatively.  It  is  known,  in  fact,  that  each  sensitive  substance  is 
differently  affected  by  the  solar  rays;  this  might  be  explained  by 
stating  that  ench  sensitive  substance  receives  the  rays  in  a  manner 
peculiar  to  it.«elf.    I  will  cite  as  an  example  an  observation  of  Wol- 
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laston's,  witli  rcirard  to  tlie  sensitive  suLstauce  yuaiacurn,  w  }iich  be- 
comes blue  beyond  the  violet  part  of  tlie  bpectrum,  and  agaia  becocoea 
colourless  in  the  red  and  yellow  rays. 

I  have  confiDed  myself  to  the  foregoing  obeervatioiis,  on  tlie  sub- 
ject of  Messrs.  Foucanlt  and  Fizeau's  notet  to  show  that  the  com- 
plicated phienomcna  produced  by  the  appearanre  of  tlie  Dagiierreo- 
type  plates  (aitluniErh  very  important  for  tlic  phutugraphic  images 
produced  in  the  catucra-obscura,  and  for  the  observation  of  active 
rajs  of  very  little  intensity)  cannot  lead  to  definite  and  unvarying 
results,  as  regards  the  nature  of  the  chenucal  action  produced.  It  is 
therefore  necessary  to  operate,  as  has  been  heretofore  done,  by  means 
of  simple  product.'*,  with  scn>iitivc  paper,  regard  being  had  to  the 
electrical  effect  due  to  the  chemical  reaction  produced  under  the  in- 
fluence of  the  solar  rays. — Ibid, 

RESEARCHES  ON  MELLON  AND  ITS  COMPOUNDS. 
BY  MM.  AUG.  LAURENT  AND  CH.  GBRHAEDT. 

The  authors  observe  that  in  their  last  memoir  on  this  suljcet  they 
had  not  repeated  the  experiments  of  M.  Liebig;  that  they  had 

merely  modified  a' part  of  his  theory,  the  authority  of  his  name  ap- 
pearing to  be  a  f^nfficient  guarantee  lor  tlie  accuracy  of  his  results. 
According  to  M.  Liebig,  tins  substance  is  composed  of — 

Six  atoms  of  carbon   =458-61  39  36 

Eight  atoms  of  azote    =708'16  60-64 

One  atom  of  mellon  » 1 1 66*77  lOO'OO 

According  to  him.  it  is  a  radicle  composed  of  carbon  and  acote, 

capable  of  uniting  witli  hydrogen,  oxygen  and  metals,  so  as  to  form 
compounds  analogous  to  those  into  the  composition  of  which  cyano- 
gen enters. 

The  authors  state,  and  they  do  it  with  regret,  that  the  reliance 
which  they  placed  on  the  results  of  M.  LieUg  has  totally  misled 
them  ;  and  that  it  is  not  a  part  only  of  his  labours  on  this  subject 
which  is  erroneoiif?,  hwi  t!iat  this  is  the  case  with  the  entire  history 
of  mellon,  with  all  its  transformations  and  all  its  reactions.  The 
authors  assert  that  they  are  also  in  a  condition  to  prove  that  the  sup- 
posed analogy  with  cyanogen  does  not  exist;  for  instead  of  con- 
sisting only  of  carbon  and  azote,  mellon  contains  besides  one  and  a 
half  per  cent,  of  hydrogen.  Various  processeii  have  been  employed 
for  obtaining  mellon.  That  analysed  by  MM.  Laurent  and  Ger- 
hardt  was  obtained  very  pure  by  calcining  chlorinated  cyanamide 
{cyammide  chlor^e)  as  long  as  hydrochloric  acid  and  hydrochlorate 
of  ammonia  were  itisengaged. 

The  following  are  the  results  of  four  ezperimento  performed  to 
ascertain  the  composition  of  mellon : — 

I.  II.         IIT.  IV. 

Carbon   360       35  8       364  35-73 

Hydrogen   1-7        1-8        17  1-77 

Azote   61'3      69-4      61-9  62*50 

^90      1000     loOO      100  00 
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The  muthon  state  tlmt  thfloiy  would  give^ 

C»                      450  00  36  0 

H»                        18  75  1-5 

  787-50  62-5 


l'25G-25  1000 
These  numbers  nre  confirmed  by  the  results  obtained  by  M.  Voelc- 
kel  m  analysing  glauccae,  which,  according  to  MM.  Laurent  and 
Gkrhardt,  is  merely  mellon  derived  from  the  dry  distillation  of  po- 
fieae  (A.)»  and  of  penulphohydrocyanic  acid  (B.) .  The  retultt  of  M* 
Vodekd  are  aa  foUowa : — 

A.  B. 


Carbon    85*4         35*7  36*2 

Hydrogen    1*6  16  1-8 

Azote   63  0  7         62  0 


100*0        1000  1000 

FVom  nnmerous  experiments.  MM.  Laurent  and  Qeiliardt  have 
aimed  at  the  following  condveionB : — 

L  Mellon  is  not,  as  supposed  by  M.  Liebig,  a  binary  compound, 
f'ompnmble  with  cyanogen  ;  for  besides  chtHot)  and  azote,  whicli  are 
not  in  the  proportions  stated  by  M.  Liebig.  it  contains  one  and  a 
half  per  cent,  ol  hydrogen,  and  is  represented  by 

2.  The  fonnation  of  mellon  by  chlorinated  cyanamide  does  not 
occur,  as  stated  by  M.  Ltebig,  accompanied  simply  with  hydiochloiate 
of  ammoma.  but  tbere  is  also  disengaged  an  encmnous  quantity  of 
hydrochloric  acid,  amounting  to  about  16  per  cent. 

3.  Chlorinated  cyanamide  containR  double  the  quantity  of  chlorine 
stated  by  M.  Liebig,  and  ought  to  be  represented  by         CI  N*. 

4*  By  the  influence  of  potash,  chlorinated  cyanamide  is  converted 
into  ammeline  C     N»  O,  or  ammelide     W  O'. 

5.  The  new  substance,  the  formation  of  which  has  been  recently 
announced  by  Nf.  Liebig  from  urea,  is  a  body  previously  known  by 
the  name  of  ammeli<Ie. 

6.  Ammelide  does  not  possess  the  cumpO!»itiuu  attributed  to  it  by 
M.  Liebie ;  it  contains  C  as  hsd  been  previously  stated 
by  one  of  the  authors. 

7.  The  melam  of  M.  Liebig  is  an  impure  mixture  of  poUene  G* 
and  mellon. 

8.  The  dry  distillation  of  persulpiiohydrocyanic  acid,  as  stated  by 
M.  Liebig,  does  not  occur  ;  but  tlie  a^^sertious  of  M.  Voelckel  respect- 
ing this  phsenomenon  are  oonrect. 

9*  The  sulphuret  of  cyanogen  does  not  possess  the  composition 
adopted  by  M.  Liebig  :  it  contains  hydrogen,  and  is  represented  by 

HN^  ;  it  cannot  therefore  be  the  radical  of  the  sulphocya- 
nurcts. 

10.  Heat  does  not  decompose  mellon,  as  stated  by  M.  Liebig, 
into  three  volumes  of  cyanogen  and  one  volume  of  azote ;  but  the 
produete  vary  according  te  the  temperature*  and  always  contain  hy. 
drogeaated  compounds,  to  the  complete  destruction  of  the  melloo. 

Q2 
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11.  Potash  does  not  dissolve  niclion  and  yield  the  mellonide  of 
M.  Gmelia,  as  stated  by  M.  Liebig ;  but  it  produces  a  tribaaic  salt 
C*  (HM*)  N*  O*,  oontunlng  hydrogen  lad  oxygen,  at  tlie  nme  tin€ 
that  ammonia  is  devdoped.  Other  prodoeto  are  alio  lonncd  at  the 
tame  time. 

12.  Mellon  does  not  simply  and  purely  comhine  with  potassium  ; 
but  the  combination  occurs  with  the  evolution  of  ammonia,  and  the 
product  is  a  bibasic  salt  N'*  M^,  a  salt  which  uu  dissolving  in  water 
prolNibly  gives  C"N«M*H*Op  and  appears  to  be  identieal  inth  the 
mellonides  of  M.  Gmdiii. 

13.  Mellon  does  not  integraUj  dissolve  in  sulphuric  acid,  for  the  li- 
quid contains  sulphate  of  smmnnia. — Am,  dtCk^Hde  Janvier 
1847. 


ON  THE  PREPARATION,  i'KOPERTIES  AND  COMPOblTION  OF 

ACETAL.     BY  M.  ST  AS. 

The  author  states  that  l)y  following  precisely  the  directiouss  ul  M. 
Liebig  for  preparing  acetal,  he  obtained  a  product  which,  when  re- 
distilled, did  not  possess  any  fixed  boiling-point.  Hie  Ikioid  pro* 
eured  at  SK)3°  F.  recommeneed  boiling  at  about  190°,  and  the  tempe- 
rature gradually  increasing,  finished  at  226°  or  even  230°. 

The  product  distilled  at  190°  was  reduced  to  about  half  hy  a  con- 
centrated solution  of  f)ota?!h  ;  this  action  takes  place  in  a  lew  hours 
without  the  contact  oi  air.  The  portion  collected  at  about  220^,  and 
hdow  it.  does  not  undergo  any  apprecisUe  alteration  by  the  alkiditie 
sohition  without  the  centsct  of  the  air. 

The  potash  solution,  obtained  hy  treating  the  first  product,  remains 
colourless ;  when  saturated  with  carbonic  acid  and  eraporntrd  i« 
vamo,  a  residue  is  left,  wlilch  yields  to  anhydrous  alcohol  a  white 
salt,  wliich  is  very  soluble  in  water,  and  precipitates  nitrate  of  silver 
in  pearly  white  laminae ;  it  is  merely  acetate  of  potash  without  any 
trace  of  fbmuate. 

These  facts  prove,  according  to  M.  Stas,  tint  the  aoetal  described 
by  M.  Liebig  is  a  mixture  of  at  least  two  substances,  one  of  which 
is  acetic  aether,  and  the  other  is  acetal,  prnjierly  so  called,  and  com- 
parable to  the  mcthyial  of  M.  Malaguti,  as  will  hereafter  be  shown. 

M.  Stas  observes  that  some  chemists  still  doubting  of  the  exist- 
ence of  acettl,  he  states  the  method  of  procuring  it  in  a  certna  and 
rq>id  manner,  and  constsnt  in  composition,  before  he  describea  its 
properties ;  the  process  is  as  follows : — 

Fragments  of  pumice-stone  are  to  be  washed  with  hydrochloric 
acid  and  thou  heated  to  redness  ;  afterwards  the  puiiucc  is  to  l)e 
moistened  alcohol  which  is  nearly  anhydrous,  and  to  be  intro- 
duced into  a  beUoon  ci^Ue  of  containing  80  to  100  pints.  This 
balloon  should  have  a  short  neck,  but  large  enough  to  sllow  of 
introducing  the  arm.  As  many  capsules  as  the  balloon  will  contain 
are  to  be  placed  on  the  ]iumice;  these  capsules  are  to  be  as  flat  as 
possible,  and  covered  with  a  thin  stratum  of  platina  black.  The 
neck  is  to  be  perfectly  covered  with  a  glass  plate,  and  the  balloon  is 
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then  to  be  exposed  to  a  temperature  of  about  68°,  till  nearly  all  the 
alcohol  m  convened  into  acetic  acid. 

Fresh  air  is  to  be  occasionally  admitted  into  the  balloon,  and  care 
taken  that  die  liquid  is  always  below  the  pumice,  and  that  the  latter 
is  never  covered  by  the  former.  .  In  about  a  fortnight  or  three  weeks 
the  liquid  become?  more  or  less  viscid,  its  consistence  resembling 
that  of  sulphuric  acid  on  being  ])oured.  At  this  period  the  liquid  is 
to  be  removed,  and  replaced  by  an  equal  quantity  of  al<^hol  of  60 
per  cent.  When  smral  pints  of  very  acid  liquid  have  been  thus 
obtained,  it  is  to  be  neutraJised  by  carbonate  of  potash,  and  as  much 
chloride  of  calcium  dissolved  in  it  as  it  is  cajiable  of  taking  up. 
Dried  acetate  of  potash  may  be  substituted  for  chloride  of  calcium  ; 
in  this  case  it  is  unnecessary  to  saturate  the  liquid  by  the  carbonate 
of  the  same  base. 

In  whatever  mode  tiie  liqnor  is  saturated,  it  u  to  be  submitted  to 
cautious  dlstillatbn ;  only  one-fourth  of  it  is  to  be  distilled,  and  in  a 
well-oooled  receiver ;  this  is  to  be  saturated  with  fused  chloride  of 
calcium,  wbirh  immediately  separates  a  considernhie  portion  of  a 
very  volatile  fluid  of  an  extremely  suffocating  odour ;  tliis  in  to  be 
separated  by  a  pipette,  and  water  is  to  be  cautiously  added  to  the 
salme  solution  as  long  as  it  continues  to  separate  fresh  quantities  of 
sethereal  fluid,  which  is  to  be  added  to  that  previously  obtained.  By 
CBfefbl  distiUataon  of  the  solution  of  chloride  of  calcium,  a  stiU 
further  small  portion  of  the  organic  matter  may  be  extracted  :  as 
already  remarked  by  M.  Liebig,  the  substance  thus  separated  is  a 
mixture  of  aldehyd,  acetic  aether,  alcohol  and  acetal. 

In  order  to  isolate  the  acetal,  powdered  chloride  of  calcium  is  to 
be  added  to  the  mixed  fluids,  as  long  as  it  continues  to  dissolve  \ 
when  this  is  completed,  the  liquid  is  to  be  distilled  from  a  water- 
bath,  bnt  always  below  its  boiling-point,  until  the  product  ceaSM 
to  rttlLice  ammoniacal  acetate  of  silver.  The  residual  matter,  de- 
prived oi  aldehyd,  but  still  coutaimng  some  acetic  aether  and  al- 
cohol mixed  with  the  acetal,  is  added  to  a  great  excess  of  very  con- 
centrated solution  of  potash,  which  completely  destroys  the  acetic 
aether :  in  operating  upon  about  750  grains  of  the  fluid,  and  very 
freqnently  Rf^^itJ^tinj^:  the  mixture,  It  requires  three  or  four  days'  action 
to  dccomjijse  the  last  portion  of  the  ather.  It  now  remains  only  to 
wafih  the  acetal  with  once  ur  twice  its  volume  of  water,  to  digest  it 
with  recently-fused  chloride  of  calcium,  and  to  distil  it,  in  order  to 
have  it  perfectly  pure. 

The  properties  of  acetal  are,  that  it  is  a  colourless  setiiereal  and 
fluid  liquid,  bnt  less  so  than  aether,  to  which  it  has  been  compared. 
It  has  a  peculiar  sweet  sraell ;  its  taste  is  coollnc:  with  a  distinct  nutty 
after'taste.  Its  density  is  0*821,  at  aliout  72  F.  It  boils  between 
219<*  and  ^  P.  Water  at  dissolves  about  ^th  of  its  volume, 
and  less  as  its  temperatura  is  increased.  Chlaride  of  cakium  and  dl 
very  soluble  salts  in  general  separate  the  acetal  from  solution  in 
water;  aether  and  alcohol  dissolve  acetal  in  all  proportions;  cbloridc 
of  calcium  does  not  separate  it  from  ak  oIhjI  unless  water  be  added  ; 
aldehyd.  as  observed  by  M.  Liebig,  exhibits  the  same  phaenomeuon. 
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Under  the  influence  of  platina-black  or  of  the  air,  acetal  is  v«y 
rapidly  converted,  tiist  into  aldehyd  and  then  into  concentrated  acetic 
acid;  the  action  is  extremely  rapid  when  the  platiua  is  moistened; 
oxidizing  bodies  in  general  produce  the  some  effect ;  thnt  diluted 
nitric  acid  furnishes  aldehyd  at  first  and  afterwards  acetic  add; 
chromic  acid  gives  acetic  acid  only.  A  solution  of  aromoniacal  aro- 
tatc  of  silver  has  no  action  upon  it  at  any  temperature ;  out  of  the 
contact  of  air  neither  saturated  ^ulution«  of  j)otJi.**h,  soda,  the  <>oHd 
alkalies,  nor  potaiihed  lime,  have  any  action  upon  it,  either  ut  a  low 
or  high  temperature ;  sulphuric  acid  at  first  dinolves  it»  then  deeom* 
poses  and  blackens  it;  ehlMioe  acts  upon  it.  removes  its  hydrogen 
and  forms  chlorinated  compounds,  which  the  author  has  not  had  time 


yet  to  examine.   By  analysis  it  yielded— 

C«                           450-0  6101 

  87-5  11-85 

0«                           2000  Qri4 

737-5  10000 
According  to  liebig  it  oonnsts  of— 

C»                      6ll'480  59-72 

H««                        112-315  10-97 

0»..                     300-000  29-31 

1023-795  lOO-OO 


M.  Stas  observes,  that  on  comparinir  the  results  of  his  analyses 
with  the  composiition  of  alcohol,  the  latter,  \iii(Ut  the  influence  of  the 
oxygen  of  the  air  and  piatma- black,  has  lost  oiie- third  of  its  oxygen, 
and  two'iiintfaa  of  its  hydrogen ;  these  quantities  being  equivalent  to 
one  of  oxygen  and  two  of  hydrogen,  as  is  readily  ascertained.  Ace- 
tal may  be  represented  by  a  combination  of  two  molecules  of  rrther 
with  one  molecule  of  aldehyd,  according  to  M.  Sta=,  C''^H'UJ'  = 
2(C*  O),  C*  H*  O* ;  while  according  to  Liebig  its  formula  is 
C*  H«  O,  Ae  O  -j-H*  0=C«  H"*  O',  or  one  cquiv.  of  aldehyd  and  one 
equiv.  of  ctfaer.^^.  dtCh.eide  Phys.,  Feb.  1847, 


PRS8EKCE  OF  SULPHUR  IN  METALLIC  6UBBTANCE8  STRUCK  BY 

LIOHTKIVO. 

On  Sunday,  the  14th  of  June  1846»  the  parish  church  of  Saint 
llitbaudode-G^ux*  three  leagues  from  Chamberry,  was  struck  by 
lightning ;  the  church  was  filled  with  a  dense  smoke,  accompanied 

by  a  strong  smell  resemblinp  that  of  gunpowder.  'J'he  pit  frame  of 
a  large  picture  was  almost  entirely  blackened,  and  six  gilt  chande- 
liers were  all  rendered  as  black  as  copper  would  be  after  long  exposure 
to  sulphuretted  hydrogen. 

M.  Bonjean  procured  some  powder  by  scraping  the  surface  of  the 
chandeliers  which  had  been  most  strongly  coloured  ;  by  treating  it 
with  aqua  re^a  he  obtained  a  solution  in  which  solution  of  nitrate 
of  bar)'tes  gave  a  white  precipitate  insoluble  in  nitric  acid.'~-/otcrii. 
de  Pharm.  et  de  CA.,  Decembre  1 846. 
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ON  CHaOMATB  OF  CHROMIUM. 

M.  C.  Ramraelsberg  states  that  when  a  aolutioo  of  chromc-alimi 
is  mixed  with  one  of  neutral  duomate  of  potash,  the  iint  portions 
produce  a  red  brown  ro!onr ;  afterwards  a  brown  precipitate  ia 

formed,  on  the  surface  ot  which  a  very  veHow  liquid  float;*. 

This  precipitate  dissolves  in  hydrochluric  acid  with  a  yellowish- 
irreen  colour;  aniaoma  precii)itate8  oxUe  of  chromium,  leavini^ 
chromic  acid  in  soltttioQ.  When  digested  with  potash,  it  readily 

yields  chromate  of  potaMi  and  oxide  of  chromium. 

M.  Ilammeloher-j-  Ln'vo*  the  annexed  formula  [H  Cr*  O*,  201* O*, 
SH*  Oj. — Joum.  de  L*kurm.  el  de  C'A.,  Novembre  1846. 


MJSl*COROLOGICAL  OBSBRVATIONB  FOR  JAN.  1847. 

Ckbtoidk. — January  1 .  Frosty :  overcast.  2.  Hnxf  and  eotd.  S.  Dry  lum : 
•now  at  nigfif  4  Cloudy.  5.  Haiy.  6,7.  Foggy.  R.  Hacy.  f».  Cold: 
haiy.    10.  Sharp  friMt  Mt  uighL    11.  Ffusty  :  fin«  :  sharp  frtm.    I'i,  Foggy. 

14.  Sharp  frost :  foggy :  fro«ty.  15,  19.  Deow  tbgt  fmty  at  nights.  H.  uij 
hate:  foggy.  18.  Cloudy  and  cold.  19.  Overcart:  baij.  SO.  Slight  haze  : 
anow  at  ni^ht.  21.  Snowing.  22.  Den:i«  log  throughout.  23.  Slight  fog: 
tloudy :  rain.  94.  Danaely  clouded :  fain  t  clear.  85.  Fi«e :  slight  nbowers  in 
the  evening.  26.  Partially  overcast :  fine  :  boisterous  at  iiiglt  _'7.  Clear:  rain 
at  night.  28.  Boisterous :  clear  and  frosty.  29.  Fine,  u  ith  &un  :  clear  and 
fto^f.  30.  Clear  and  frosty:  6ne:  densely  ovtrcasl.  SI.  Iiight  baie:  cloudy  t  fins. 

Meui)  temperntui  e  of  the  inonth    ...«  •••••••«.•*«•*...  34'''26 

Mean  temperature  of  Jan.  1846   43  *54 

Mean  temperaum  of  Jan.  for  ibe  laic  ttrcnty  yeara  ...  30  '81 

Average  amount  of  rain  in  Jan   1*60  inch. 

B«Hon. — Jan.  1.  Foggy  :  snow  on  the  ground.     2,  3.  Cloudy.     4.  Cloudy: 

anow early  A.M.    5.  Cloudy:  rain  early  a.m.     6.  Cloudr.    7.  Rain.  8—11. 

Cloudy.    12.  Cloudy:  rain  r.M.    13.  Cloudy.  14 — 16.  fine.    17—20.  Cloudy. 

SI.  Cloudy :  snow  P.M.     22.  Cloudy  :  snow  on  the  ground,    "l.i.  Cloudy.  24. 

Cloudy :  snow  nearly  all  melted.  25.  Fine  :  rain  midday.   26.  Fine.  27.  Windy. 

S8.  Rain.  29—3 1 .  Fi  nc.^Thit  January  has  bscn  Iha  coMaHiinca  Januaiy  1848^ 

and  the  drip^1  since  I'^'i  i. 

Sandwick  Alanrntf  Orkntjf, — Jan.  1.  Fog.     2.  Cloudy.     3.  Damp :  ikhowers. 

4.  Sbowttik   5m  SbovcfBi  rain.    6,7.  Damp.    9.  Cloudy.   9.  Bright :  dear. 

10 —  12.  Bdgilltt  frost:  cicir.      1:?.  Rright :  clear.     14.  Bright:  fiot  clear. 

15.  Bright:  elMV.  16.  Drops:  cloudy.  17~19.  Cloudy :  clear  :  aurora.  20, 
Fina:  noat;  dear:  ftoat:  aurora.  81.  Sleet-ahowers.  88.  Bright:  dear. 
23,  24.  CloLu?y  :  rain.  2.5—27.  Bright  :  clear,  es.  Clear  :frobt:  cloudy.  29. 
Bright:  clear.  3a  Bright:  snow-showers:  aurora.  31.  Hail  •  showers :  soow- 
•iHMvan!  auroia* 

Api>legaiik  Matue,  Ditmfriet-tkke^Jwn.  1.  Clear,  but  moi^.  2.  Dull  and 
raw  :  slight  snow.    3.  Sll^l  t  rro>t:  very  chilly.    4.  Dull:  slight  frost:  rain  p.m. 

5.  Dull:  rain.   6.  Fine  and  i air.    7,8.  Fair,  hut  cloudy.    9,10.  Frost:  clear. 

11—  13.  Frost,  hard.     14.  Frost,  hard,  but  cloudy.    15.  Thaw.    16.  Thawt 


driizlc.  17 — ^21.  Frost  again.  2'_>  Frost:  snow:  thaw.  23.  Thair:  sleet. 
84.  Heavy  rain.  25.  Slight  frost  a.m.  :  rain.  26.  Heavy  rain.  37.  Bain  : 
dcaiad  r.M.  88.  Fair,  but  dull.  89.  Slight  ftoM  a.m.  80l  Slight  ftwl  a.ic  » 
doudy.    31.  Hard  frost :  snow  p.m. 

Mean  temperature  of  the  month  35°-97 
Maavtanperaturaof  Jaa.1846  ...........................  43  *0 

Mean  temperature  of  Jan.  for  85  JtSlS  •••  ..,  34  '9 

Mean  rain  in  Jan.  for  20  yaan   «..   8^  inchaa. 
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XXXVIII.  On  the  Effeeii  of  Magnetism,  upon  ike  Dimen- 
sions of  Iron  and  SUel  Bars,  Btf  J.  P.  Joule»  Esq,,  Se* 
eretofy  ike  Literary  and  Philosophical  Society  qf  Man- 
Chester, 

[CoDtiDued  from  pi^e  87*] 

WITH  a  view  to  ascertain  whether  the  lengthening  effects 
observed  in  the  experiments  detailed  in  the  former 
part  of  this  paper  were  entirely  independent  of  the  diameter 

of  the  bars,  I  made  a  very  extensive  series  of  experiments,  in 
whicli  fine  wires  both  of  iron  and  steel,  bundles  of  very  fine 
iron  wires,  chains  composed  of  copper  and  iron  Wuks,  8cc. 
were  employed.  In  order  lo  keep  these  flexible  ai  [IcIls  exactly 
in  the  axis  of  the  coil,  a  weight  was  placed  upon  one  of  the 
levers,  so  as  to  exert  upon  them  a  force  of  tension  equal  to 
about  eight  ounces. 

The  results  of  the  experiments  In  which  wire  of  j^^^^th  of  an 
inch  tbicliness  was  employed,  accorded  very  well  with  the 
pre?iottS  experiments  with  thicker  bars;  but  on  employing 
iron  wire  which  was  only  y  j^th  of  an  inch  thick,  the  pbseno- 
metia  assumed  quite  a  different  character;  for  on  transmitting 
the  current  thrmifrh  the  coil,  the  If  nfrdi  of  the  wire  became 
suddenly  dimimsimd  instead  of  being  increased.  This  phoB- 
nonienon  appeared  to  me  exceedingly  anomalous,  and  it  was 
some  time  before  I  found  out  il6  cause.  At  last,  thinking 
that  the  wire  was  attracted  by  the  coil^  I  varied  its  po:>iUuii 
from  the  centre  to  either  side,  and  increased  the  amount  of 
its  tension.  The  former  of  these  operations  produced  no 
sensible  efiect ;  but  the  increase  of  tension  caused  the  shorten- 
ing eflect  of  the  current  to  be  considerably  augmented.  It 
became  manifest^  therefore,  that  the  weight  of  ei^ht  ouncesi 
acting  upon  very  fine  wire,  produced  the  anomalies  in  question. 
This  was  further  demonstrated  to  be  the  case  by  diminishing 
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the  tension  as  far  as  possible.  I  then  fbuud  that  the  phaeno- 
mena  of  elongatioQ  took  place  as  in  the  case  of  the  iron  bars, 
only  to  n  smaller  extent,  which  was  obviously  owing  to  the 
degree  of  tension  necessarily  left  in  order  to  keep  the  wune  in 
the  axis  of  the  coil. 

The  new  licJd  of  inquiry  thus  opened  appeared  to  me  to  be 
one  of  great  importance,  and  calculated  eventually  to  become 
the  means  of  throwing  a  great  den!  of  light  upon  some  ol  liie 
most  intcrebling  c^uealioaa  coiniecLed  with  nioieciiiar  actioDs 
and  the  real  character  of  magnetism.  I  tlierefore  constructed 
an  apparatus  wherebytliee^taof  tension  and  pressure  might 
be  further  studied.  This  apparatus^  which  is  representcdoy 
the  adjoining  woodcut^  consisted  of  a  strong  wooden  lever  Ay 

Fig.  J. 


furnished  with  a  hard  steel  knife  edge  at  K  resting  on  a  baid 
steel  plate.  At  the  distance  of  one  foot  from  the  knile  edge 
a  brass  plate  was  fastened  to  the  lever,  into  whkh  A  piece  of 
iron  or  steel  wire,  one-fourth  of  an  inch  in  diameter,  could  be 
screwed ;  the  upper  end  of  the  wire  could  also  be  screwed 
into  a  brass  bolt,  the  head  of  which  rested  upon  the  cross 
piece  S.  \\'ei«^hti>  could  be  placed  on  the  lever  nt  W  to  in- 
crease the  tension.  The  magnetic  balnncp,  consisting  of  a  bar- 
inagnet  eight  inches  long,  properly  fm  jiiilictl  with  scales,  was 
.situated  at  B.  The  further  extremity  of  the  kver  was  con- 
nected with  a  fine  lever  multiplying  u^U  times,  the  index  pf 
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which  was  examined  by  the  microscope  employed  in  the  for- 
mer series  of  experiments*  Escfa  dWiston  of  the  micrometer 
passed  over  hj  the  index  indicated  an  elongation  of  the  wire 
under  examination  equal  to  y^'ij^^th  of  an  inch. 

When  pressure  instead  6i  tension  was  employed,  a  pillar 
of  iron  or  steel  wtrcy  one  quarter  of  an  inch  in  diameter,  was 
placed  at  C  so  as  to  support  the  weight  of  the  lever;  its  ends 
abutted  upon  flat  plates  of  copper  or  brass. 

Every  precaution  that  I  could  think  of  was  taken  in  order 
to  give  accuracy  to  the  results.  In  pnrticnlnr  I  mny  mention 
that  the  coil  was  not  permitted  to  touch  cither  the  wire  under 
examination,  the  lever,  or  any  other  part  of  tiie  apparatus  to 
which  it  might  communicate  motion  through  the  change  of 
its  own  molecular  condition  in  consequence  of  thel  passage  of 
the  deetrical  currmit.  In  spite  of  these  preeaumis  the  ex* 
periments  were  very  troublesome^  owing  to  the  almost  inces- 
sant vibrations  of  the  index*  Although  my  laboratory  is 
situated  quite  out  of  the  town,  and  detaimed  from  every  dwell- 
ing, these  vibrations  were  so  extensive  during  the  day  time, 
that  the  experiments  had,  in  genend,  to  be  carried  on  after 
eight  o*clock  p.m.,  when  the  greater  part  of  the  traffic  had 
ceased.  It  was  at  all  times  impossible  to  make  an  observa- 
tion when  a  cart  was  passint^  alone;  a  road  at  the  distance  of 
one  or  two  hundred  yards;  nor  could  anything  be  do!ie  as 
long  as  much  wind  was  blowing.  Owing  to  these  circum- 
stances it  wa:>  Irequentlv  very  difiicull  tu  estimate  an  efiect 
equal  to  one-tenth  of  a  aivision  of  the  micrometer.  I  believe, 
A  however^  that  the  results  of  the  tables  are  in  no  case  more 

"  than  two-tenths  of  a  division  wide  of  the  truth* 

The  experiment  which  I  first  made  was  with  a  piece  of  soft 
iron  wire,  one  foot  long  and  one  quarter  of  an  mcli  in  dia- 
meter. It  was  made  as  straight  as  possible,  and  its  ends  were 
ground  perfectly  true  and  flat.  It  was  placed  as  a  pillar  under 
the  lever,  so  ns  to  support  its  pressure,  which  was  equal  to 
82  ibs.  The  coil  by  which  it  was  magnetized  was  formed  out 
of  a  copper  wire  thirty-three  yards  long  and  one-tenth  of  an 
inch  in  diameter,  ^v ell-covered  w  ith  cotton-thread.  Its  length 
was  11^  inches,  and  its  interior  diameter  one  inch.  The  same 
coil  was  employed  in  all  the  experiments  with  wires  of  a  loot 
long.  The  temperature  of  the  wire  was  in  every  case  about  46**. 

The  m^od  of  experimenting  was  the  same  as  I  employed 
In  (he  former  section  of  this  paper.  A  current  was  passed 
through  the  coil,  the  effects  of  which,  bodi  on  the  length  of  the 
iron  pillar  and  on  its  magnetism,  were  noted.  The  current 
was  tnen  cut  ofl*;  and  the  effect  of  so  doing  on  the  length  of 
the  pilhur  noted^  as  well  as  the  quantity  of  magnetism  remain- 

R2 
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ing  in  it.  A  more  powerful  corrent  was  then  pattedi  and  the 
observations  repeated  as  before ;  and  to  on  witb  Mi  mora 
powerful  currents.   The  flftti  colnnm  of  the  table  gtvee  tha 

effect  upon  the  magnetic  balance  in  grains,  abstraction  being 
made  of  the  effect  due  to  the  coil  itaelff  which  had  beeo  pre* 
▼iously  carefully  determined  by  eatperiment. 


Experioieot  9.   Preasore  88  lbs. 
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In  llie  foUowinij  experiment  the  snme  bar  was  subjected 
to  a  pressure  uf  480  lbs.  It  posseised  —O'd  of  permaaeut 
magnetism  to  begin  with. 
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Experiment  10.    Pressure  480  lbs. 
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The  numbers  in  the  last  columns  of  the  preceding  tables 
show  that  tlie  elon<i;aLiuii  tullows  a  rather  higher  ratio  than 
the  square  of  the  ningnetic  polarity.  In  the  former  section, 
in  which  all  the  bars  employed  were  a^  ard  long,  the  ratio  was 
somewhat  lower  than  that  of  the  square  of  the  polarity  in  the 
case  of  well-annealed  iron.  I  am  inclined  therefore  to  think 
that  the  anomaliee  referred  to  at  p.  89,  were  occasioned  rather 
by  the  too  mat  length  of  the  iron  tuirs^  which  prevented 
tbeni  from  being  magnetized  as  much  at  the  ends  as  at  the 
middle  part,  than  by  their  different  magnetic  conditions  at  the 
centre  and  surface. 

From  the  above  tables  it  appears  evident  that  the  augmen- 
tation of  pr£ssn?-c  does  not  make  much  difference  in  the  amount 
of  elongation  for  the  .same  quantity  of  polarity.  However,  I 
thouglu  it  desirable  to  try  the  ellect  ol  a  greater  pressure. 
For  this  purpose  I  employed  a  piece  of  soft  iron  wire,  six 
inches  long  and  one-fourth  of  an  inch  in  diameter*  This  iron 
pillar  stood  upon  a  small  piece  of  flsittened  brassi  resting  upon 
a  block  of  hard  wood  six  inches  high,  in  order  that  it  might 
be  sufficiently  elevated  to  support  the  leven  Jtwas  placed  in 
the  axis  of  a  suitable  coil,  5g  inches  long  and  one  inch  in  in- 
terior diameter,  consiructccf  of  a  covered  copper  wire  twenty 
yards  long  and  one-tenth  of  an  inch  in  diameter. 
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Experiment  11.  Six-inch  Pillar.   Pressure  82  lbs. 


1  

Ddkction  of 

Tangent  of 

Elongiktton  or 
shorteniiig 
OS  puiv* 

Total 

Magnetic 
intmMitT 

hIIIm 

€■  pUWa 

Square  of  inaK- 
netic  iijieiisUy 

di\'ided  hy 
tatal  eloogation. 

ft  t 

0 

114 

0 
0 

0 
0 

+0-8 
+0-S 

+11 15 

0 

199 

0 

0 
0 

0 

0 

+  13 
+  0-4 

4-28  15 
0 

430 
0 

0 
0 

0 
0 

— p  ^  w 

+05 

+41  55 
0 

898 
0 

0  6  £. 

04  s. 

0-6 
0 

+5  5 
+0-5 

604 

+61  50 

0 

\m 

0 

15  E. 
1-5  S. 

1-5 
0 

+  7-2 
+0-5 

340 

+62  SO 
0 

1907 
0 

2  6  S. 

26 
0 

+9-4 
+05 

340 

Experiment  12*   Six-iocb  Pillar.    Pressure  1880  lbs.  Per- 
manent magnetism  of  the  pillar  to  begin  with  —0*8. 
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A  comparison  of  the  last  columns  of  the  two  preceding 
tables  will  show  thai  pressure  has  no  sensible  effect  upon  the 
extent  of  the  elongation.    I  had  not  sufficient  voltaic  force  to 

saturate  the  short  bars,  but  there  appears  no  reason  to  doubt, 
that  tlieir  elongation,  when  sntu rated,  would  be  one-half  that 
of  tlie  pillars  one  foot  long,  just  as  the  latter  were  iound  to 
experience  one-third  of  the  elongation  observed  in  tlie  bars  of 
a  yard  long  employed  in  the  first  section.    I  may  remark  in 
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tills  place,  that  the  greater  proximity  of  the  magnetic  balance 
to  !he  coi!  incrensed  the  numbers  in  coliuiins  5,  representing 
the  magnetic  intensity  of  the  six-inch  pillars.  The  two  pre- 
ceding tables  are  therefore  only  comparable  witli  themselves. 
In  all  the  other  experiments  witii  one-fooi  bars,  itie  magnetic 
balance  was  at  the  uniform  distance  of  4}  inches  from  the 
€entre  of  the  bar,  so  that  they  are  strictly  comparable  with 
one  another. 

I  now  proceed  to  give  an  account  of  some  experiments  on 
the  effects  of  the  force  of  tension.  The  bar  employed  was  a 
piece  of  soft  iron  wire  12§  inches  long  and  a  quarter  of  an  inch 
in  diameter.  Its  extremities  were  formed  into  very  fine- 
threaded  screws,  exteiulin^  one-third  of  an  inch,  for  tlie  pur- 
pose of  screwing  into  the  brass  plate  and  bolt,  as  shosui  in  tlie 
figure  already  described.  The  eifectual  length  of  ihc  bar, 
when  screwed  into  its  place,  was  exactly  one  foot.  In  the 
first  experiment  of  this  kind,  the  tension  employed,  being  that 
occasioned  bv  the  weight  of  the  lever  alone,  amounted  to 
80  lbs.  In  the  subsequent  ones  the  tension  was  further  in- 
creased bypladog  weights  on  the  lever. 


Experiment  IS.   Iron  wire  one  foot  long  and  a  quarter  of 
an  inch  in  diameter.   Tension  80  lbs* 
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Experiment  14.   Same  wire  with  —0*4  permanent  mi^et- 
ism  to  begin  with.   Tension  408  lbs. 
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Experiment  15.    Same  wire.    Tension  740  lbs. 
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In  tables  i:i  and  14  we  notice  the  rapid  decline  oftlie  effect 
of  elongation,  until  at  last,  in  table  15,  with  a  tension  of 
740  lbs.  it  ceases  altogether,  and  the  new  condition  of  shorten- 
ing commences.  With  a  tension  of  about  600  lbs.  the  elfects 
on  the  dimensions  of  the  wire  would  cease  altogether  in  llie 
limits  of  the  electrical  currents  employed  in  the  above  experi- 
jneots.  From  the  last  column  of  table  15|  which  consists  of 
the  columns  2  and  5  multiplied  together  and  divided  by  co- 
lumn 4-,  we  gather  that  the  shortening  eflTert  is  very  nearly 
proportionrt!  to  the  magnetism  of  the  wire  into  the  current 
traversing  the  coil.  The  law  of  the  squiu  c  ot  the  mnn^netisni 
will  still  indeed  hold  good  where  the  iron  is  suihcientiy  below 
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the  point  of  saturation,  on  account  of  th«  magnetism  being  in 
that  case  nearly  proportional  to  the  hitensity  of  the  current. 

For  the  same  reason,  on  examination  of  the  previous  tables, 

it  will  be  (bund  that  the  elongation  is,  below  the  point  of  «;fitn- 
ralion,  very  nearly  proportional  to  the  raap;iielisni  multiplied 
by  the  current.  The  necessity  of  changing  the  law  arises 
from  the  fact  that  the  elongation  ceases  to  increase  after  the 
iron  is  fully  saturated;  whereas  the  shortening  effect  still 
continues  to  be  augmented  with  the  increase  of  the  intensity 
of  the  current 


Eacpenment  16,   Same  wire.  +0*5  magnttiflm  to  begin 

with.   Tension  1040  lbs. 


Twyi  of 

or  -.liuMrniiig 

ol  wue. 

TbUl 
•hortning. 

Ikf  agnetic 

intensity 

of  wire. 

1  ! 

nitensitv  divided 

bjr  i^Mvtming 

-  6  26 
0 

lit 

0 

0 
0 

0 
0 

-0-4 
0 

-11  & 

0 

196 
0 

0-1  s. 
0-1  E. 

0-1 
0 

-1*3 

255 

«.I0  W 

0 

MB 

0 

MS. 

M 

0 

-S-7 

694 

0 

0-8  8. 
0*8  E. 

0*8 

0 

.-04 

-.46  45 

0 

1068 
0 

1-5  8. 

1-5  E. 

1-5 

0 

-4-7 

-0-5 

m 

-61  0 
0 

0 

S. 

a*ais. 

0 

-0'5 

-^$0  46 
0 

578 
0 

e«s. 

OS 
0 

879 

+%>  10 
0 

704 
0 

0-8  s. 

0-8  E. 

0*8 
0 

+4-4 
+0-5 

887 

+48  5 

0 

1114 

0 

1-8  S. 
1-8  E. 

18 

0 

+4-9 

+0-5 

908 

4-61  20 
0 

1899 
0 

a-7S. 

9^7  B. 

■       1  . 

2-7 
0 

+5-4 
+05 

966 
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Experiment  17.   Same  wire.    Tension  1680  lbs* 


Deflection  of 
gmlTMKMDeCcr. 

Tan|r«nt  of 
deflecttoa. 

EloogsCioQ  or 
•bortening  of 
bar. 

To  till 

MagBilk 

i  CttmiitBahl> 

nrtMiiwy  avMad 

bj  ■hoitentag 

112 

0 

0 

0 

0 

0 

0 

-0-2 

-11  10 

197 

0 

0 

-1'5 

0 

0 

0 

0 

-0-4 

45 

379 

0*5  S. 

0*5 

—2-7 

0 

0 

0-5  E. 

0 

-0-4 

0 

-34  50 

AM 

1-5  S. 

1-5 

US 

0 

0 

0 

0 

—45  5 

1003 

2-4  S. 

2-4 

— 4*3 

0 

2-4  E. 

0 

-0-4 

0 

-5S  S5 

1299 

3-3  S. 

3-3 

-4-4 

173 

0 

0 

8^  Bt 

0 

-0-4 

0 

-01  IS 

1888 

4-5  S. 

4*3 

-47 

190 

0 

0 

4-6  E. 

0 

-0*4 

0 

+61  45 
0 

1861 
0 

4-4  S. 
4'4B. 

4^ 
0 

+5-0 

811 
0 

The  uniformity  of  the  numbers  contained  in  the  lait  oolumn 
of  each  of  the  two  preceding  tables  affords  conclusive  evidence 
of  the  correctness  of  the  law  I  have  staled^  viz.  that  inHecase 
of  tension  the  shortening  effect  is  proportional  to  the  current 
traversing  the  coil  muUipiied  by  the  magnetic  intensibf  of  the 
bar. 

In  or(?er  to  discover,  if  possible,  what  proportion  the  short- 
ening; cliect  bears  to  the  force  of  tension,  I  have  constructed 
the  following  table  iioin  tiie  results  observed  witJi  currents  of 
about  700  and  1000  intensity  in  the  preceding  experiments. 


NamberoC 

Elongation  or 

Dqiarture 
fron  alonia* 

Square  of 
departure  di- 
viaed  by  ten- 
■Mm. 

ManMBiB* 

9 

4-4  E. 

0 

0 

18 

3-6  E. 

0-8 

80 

80 

14 

0-7  E. 

37 

408 

335 

13 

05  S. 

4y 

740 

324 

16 

1-2  S. 

5-6 

1040 

301 

17 

8^8. 

6-4 

1680 

244 

With  the  exception  of  ilie  number  80,  the  results  of  the 
last  column  of  the  above  table  agree  su&ciently  well  together 
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to  render  it  extremely  probable  that  tbe  shortening  effects  are 
proportional  everts  paribus  to  the  square  root  of  the  force  of 
tension. 

Experiments  with  Cast  Iroiu 

The. following  experiments  were  made  with  a  bar  of  cast 
iron  one  foot  Jong  and  a  quarter  of  an  inch  in  diameter.^ 


Experiment  18*   Cast  iron.  Tension  80  lbs. 


Tangent  of 

Elongation  or 
■hotteiuiig  of 

Magoetie 
of  Imt* 

S(]uarr  (  1"  ni.iu'-  I 
nctic  uitciiMty 

total  elooga^a. 

~  J  28 

113 

0 

0 

-0-2 

0 

0 

0 

0 

-O*! 

-11  5 

IM 

0 

0 

-04 

0 

0 

0 

0 

-0-2 

-91  18 

390 

01  E. 

O-l 

-0-9 

810 

0 

0 

01  S. 

0 

-05 

-36  0 

726 

0-8  E. 

0-8 

-20 

500 

0 

0 

0*5  8. 

0-8 

-1*8 

508 

-46  10 

1041 

1-0  E. 

1-3 

-2-5 

481 

0 

0 

10  s. 

03 

-1-5 

750 

-58  35 

1637 

1-7  E. 

20 

-30 

450 

0 

0 

1-7  S. 

03 

-17 

963 

+  19  45 
0 

+59  25 
0 

359 
0 

1692 
0 

0-5  S. 
0 

2  3  B. 
WS. 

-0-2 
-0-2 

21 
0*4 

0 

-0  4 

+3-2 
+1-7 

488 
729 

Experiment  19«   Same  bar.  Tension  654  lbs.  Permanent 
magnetism  to  begin  with  — 1'7* 


Tangent  of 

Elongation  or 
dwcianingof 
bar. 

Total 
cloafiliaD. 

Magnetic 

Square  of  mug- 
neCtc  intnuity 

divided  bjr 
total  OkMUBttMB* 

+lS  15 
0 

349 
0 

0-2  S. 
0 

0 
0 

-01 

-0-4 

+57  50 
0 

1590 
0 

1-4  E. 
1*0  8. 

1-4 
0-4 

+3-0 
+17 

643 
722 

On  comparing  Experiment  18  with  Experiment  IS,  it  will 
be  observed  that  the  elongation  of  the  cast  iron  is  equal»  if  not 
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iuperior  to  that  of  the  soft  iron,  when  magoetuMd  to  the  Mino 

extent.  It  will  also  be  remarked  that  the  increase  of  tension 
does  not  produce  half  the  diminutioD  of  elongation  which  it 
does  in  the  case  of  the  soft  iron. 

EMptrimmii  9iik  Soft  SUti  Wiirt. 

The  following  experiintints  with  soft  steel  wire  were  made 
in  precisely'  the  same  mauner  liiui>e  witU  bolt  iron  wirei 
alieady  deBcribed. 


Experiment  20.  Solt  steel  pillari  one  foot  long,  a  quarter 
of  an  inch  in  diameter.    Pressure  82  lbs. 


Elongation  or 
•bortening  of 
pilUr. 

Total 
elongation. 

Ikfajrnetic 

lilt'",  K.ty 

Square  of  mag* 
MtklBteoMty 
dMMbir  total 
ekngtaoa. 

674 

0-8  E. 

0-8 

-21 

Ml 

0 

0 

04  8. 

0*4 

-M 

80S 

-47  0 

1078 

1-0  B. 

1-4 

-8-6 

988 

0 

0 

04 

-1*7 

881 

1097 

1»  E. 

2-0 

-4-5 

1012 

0 

0 

0-6  S. 

1-4 

-2  4 

411 

Experiment  21.    Same  soft  steel  pillar.    Pressure  4b0  lbs. 
Permanent  magneusm  to  begin  with  —  2*0. 


Deflection  of 
galvviomMr. 

Tangent  of 

KloagatioQ  or 
shortening  of 
piUw. 

Total 
elongation. 

Macnetic 
intensity 
of  pillar. 

Square  of  mag« 

IlrM  ir  111  ti  i.-iity 

divided  by  total 
elongaooo. 

+  li  15 
0 

330 

0 

0-2  S. 

0 

0 

0 

-0-2 
-0-4 

4-30  ^ 
0 

589 
0 

01  E. 
0 

al 

8-1 

+1-3 
+0-6 

1690 
880 

+40  0 
0 

888 

0 

0-4  S. 
0-8  8. 

04 

8*8 

+24 

+14 

1352 

+45  0 

0 

1800 

0 

0-6  E. 
0-6  S. 

09 
03 

+31 
+  1-6 

1068 
853 

+61  10 
0 

1816 
0 

1-8  E. 
1-6  S. 

2-1 
0-8 

+41 

+20 

800 
808 

V 
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EaLperiment  M.   Soft  iceel  wire,  one  foot  long,  a  qtwrler  of 
«n  inch  in  dinmeter.   Tenuon  80  Im. 


gmltttoBflter. 

Tugmt  of 

deflection. 

Elongmtion  or 
Rhorteninf  of 
wire. 

Total 

dongation. 

M  acetic 
intcnuiiy  | 

of  w ire. 

Square  of  mag> 
netic  intensity 

divided  hy  total 

(-!lHV„'UlioU. 

o  / 

+19  60 
0 

+34  40 
0 

+46  10 

0 

+56  30 
0 

t 

360 
0 

m\ 

0 

1041 

0 

1511 
0 

J 

0 
0 

0-4  E. 

0-5  E. 
0-2  S. 

0-5  E. 
0  3  S. 

0 
0 

0-4 
0*8 

0-8 
0-6 

M 
0-8 

+10 

+0-5 

+2-6 
+1-8 

+3-5 

+  1-9 

+4-0 
+21 

1680 
750 

1531 
601 

1455 

-20  50 
0 

•  34  60 
0 

-47  45 

0 

.60  0 
0 

880 

0 

696 
• 

1101 
0 

1918 

0 

0-8  S. 
0 

0-8  B. 
0*18. 

0*7  E. 
09  8. 

07  E. 
0-8  8. 

0 

0 

0-8 
0*1 

0-  8 
0>8 

1-  2 
1-0 

-0-2 

+0-3 

-2-3 
-M 

.8-8 
-M 

-4-4 
-8-4 

8646 
1910 

1680 
800 

1618 
878 

Experiment  23.    Same  soil  steel  wire.    Tension  462  lbs. 

|E)ong»tion  or 
■botMotiif  of 

Total 
dOBgitiatt. 

1  Waffnetic 
inteautjr 

.Square  of  xnt^' 
iivuc  intenuty 
dirided  bv  total 
elongation. 

+3l  5^ 

0 

+  45  5 
0 

+60  15 
0 

696 

0 

1003 

0 

1750 
0 

0 

O'lB. 

0 

0  2  E. 

0-4  S. 
0«B. 

0 
0*1 

0-1 

0-3 

-0*1 
0*8 

+8-6 

+w 

+8-4 
+20 

+4-2 
+2-4 

1860 

1333 

list 

EzperimeDt  S4.   Sune  toft  stod  wire.   Tenilon  1680  lbs. 
Permanent  magnetlem  to  begin  with  + 1*8 

Drflcctlon  of 

Ttngentof 
dtfliMthni* 

Elongadoa  or 
■borUming  of 

! 

T.itril 
■bottcuing 

Magnetic 
intensity 
of  wife. 

Coirent  niuiti« 
plied  by  nag* 

netic  iiitentity 

111' d  by 

■bortening  enect* 

0 

-86  18 

0 

-44  85 
0 

-S8  45 
0 

888 

0 

706 

0 

886 

0 

1648 
0 

04  8.  • 
04  E. 

0-8  8. 

0-  8  E. 

1-  3  8. 
1-3  B. 

8-5  8. 
MB. 

0-2 
0 

0-  8 
0 

1-  3 

0 

8-5 
0  . 

-0-4 
+04 

-2  2 
-M 

-2-9 
-1-6 

-87 
-84 

77 
184 
818 
844 
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Ffom  the  above  experiments  it  will  be  seen  that  the  nme 
remarks  which  were  made  with  regard  to  the  soft  ironi  Apply 

also  to  the  soft  steel.  The  superior  retentive  power  of  the 
latter  metal  enables  us  however  to  trace  the  elonrrating  effects 
of  the  permanent  magnetism,  which,  we  see,  diminisli  with  the 
increase  of  tension,  until  at  lasty  as  in  experiment  24^  they 
cease  altogether. 

Experimeftfs  with  Hardened  Sicti  Wire. 
The  follciw  ing  expt  rlments  wer^  made  with  steel  wire  of  the 
same  kind  as  liiat  ettipiu^eil  in  tiie  previous  experiments.  It 
was  however  perfectly  hardened,  so  as  to  resist  the  action  of 
the  file  in  every  part 

Experiment  25.    Hardened  steel  wire,  one  foot  long,  a 
quarter  of  an  inch  diameter.   Tension  80  lbs. 


Tmooent  of 

1 

Elongation  or 

Magnede 
of  wife. 

Current  molti- 

iMdnAhf 
shortening  CTOet. 

•f  ^  15 

109 

0 

0 

0 

0 

0 

0 

0 

0 

+11  0 

194 

0 

0 

+0-2 

0 

0 

0 

0  . 

0 

+10  50 

880 

0 

0 

+0-5 

0 

0 

0 

0 

+0-2 

+35  SO 

709 

0 

0 

+  M 

0 

0 

0 

0 

+  0^5 

+45  40 

1023 

01  s. 

0-1 

+  1-8 

1841 

0 

0 

0-1  B. 

0 

+0*9 

+S«  0 

im 

02  S. 

0-2 

+2-3 

1479 

0 

0 

0-2  E. 

0 

+1-2 

+69  ao 

1007 

0-4  S. 

0-4 

+3-3 

157d 

0 

0 

0-4  £. 

0 

+1-9 

Experiment  26.     Same  hardened  steel  wire.  Permanent 
magnetism  to  begin  with  «1'8   Tension  408  lbs. 


Tangent  of 

Elongation  or 
ahorteniiif  of 
win. 

Magnetic 

Current  Qiulti« 
plied  by  mag- 
netic intensity 
divided  by 
dMMraiag  cffBct. 

+1^  3U 

354 

0 

0 

-11 

0 

0 

0 

0 

+35  40 

717 

0 

0 

-0-S 

0 

0 

0 

0 

-0-« 

+49  60 

1066 

0 

0 

+  1-2 

0 

0 

0 

0 

+0-2 

+00  80 

1755 

0-4  S. 

0-4 

+2-8 

1228 

a 

0 

0*4  B. 

0 

+1-5 
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Eiperiinent  87*    &une  hardened  steel  wire.  Bermaneiit 
nu^gnetiim  to  begin  with  + 1*3.   Tension  lOSO  lbs. 


Ddketian  of 

1 

Tangent  of 

Elonfration  or 

Total 
ibarlMiBf. 

iotaniity 

Current  multi- 
plied bj  nug- 

iMtic  intwuity 

««--»■«-  ■  • 

llMMlWIIlllf  WWII  1 1 

o  / 

—SI  15 

389 

0 

0 

ft  A 

+0-7 

0 

0 

e 

0 

+M 

m 

0 

0 

0 

0 

0 

0 

+W 

-48  33 

1132 

0-1  s. 

01 

-1 :5 

1470 

0 

0 

01  E. 

0 

-52  10 

1287 

0*15  S. 

0*15 

-1-6 

1378 

0 

0 

0-15  E. 

0 

-0-6 

-61  10 

1816 

0-4  8. 

0-4 

-2-4 

1089 

0 

e 

0 

+35  4B 
0 

+61  10 

0 

720 
0 

181(1 
0 

0 
0 

0  4  S. 
0-4  E. 

0 
0 

0-4 
0 

+0-2 

+2-7 

+1-3 

19M 

From  the  above  experinicnts  w  l  ilrul  that  the  induction  ofper- 
naanentmagueiibni  piotluec^  no  sciibibleeirect  on  the  lengili  of  a 
bar  of  perfectly  hardened  steel,  and  tiiat  ihe  temporary  shorten- 
ing effect  of  the  coil  is  proportional  to  the  magnetism  multiplied 
hy  the  ctnTent  trmmng  the  coil.  The  shortening  eflect  does 
not  in  this  case  sensibly  increase  with  the  increase  of  tendon, 
r  I  have  made  an  experiment,  in  which  a  hard  steel  pillar  was 

snbjeded  to  a  pressure  of  80  lbs.,  which  I  have  not  inserted, 
beonise  the  coil  not  bemg  the  same  as  I  had  hitherto  em- 
ployed, that  experiment  was  not  strictly  comparable  with  the 
rest.  Its  result  however  showed  that  the  hard  steel  pillar 
suffcrcil  a  diminution  of  length  ecjunltoO'l  of  a  division  of  the 
micrometer,  with  a  current  capable  of  giving  a  magnetic  polar- 
ity of  r7.  This  accords  very  well  with  the  results  obtained 
with  a  tension  of  1030  lbs. 

Copper  b  the  only  non-fermginons  metal  which  I  hate  ex* 
perimented  on.  In  the  trials  made  with  wires  of  this  metal^ 
pressoreand  tension  were  soccessively  applied,  and  very  power- 
nil  currents  transmitted  throuj^h  the  coil ;  bat  I  oonld  in  no 
case  detect  the  slightest  alteration  in  their  dimensbns. 

I  shall  not  prolong  this  paper  by  a  discussion  of  the  pro- 
bable  cause  of  tlye  remnrkable  facts  I  have  pointed  out.  Tiie 
law  of  cioTigaiion  juitiii  ally  s!i«;gests  the  joint  operation  of  the 
attractive  and  repulsive  torccs  of  tlie  constituent  particles  of 
the  magnet  as  the  cause  of  that  pheenomenou.   On  the  other 
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band»  tb«  fact  that  the  shortening  effect  is  proportional  to  tht 

magnetic  intensity  of  the  bar  multiplied  by  the  current  tra- 
versing the  cnil,  seems  to  indicate  thn!,  in  this  cnse,  the  efiect 
is  produced  by  ttie  attraction  of  the  magnetic  pRiiicies 
bv  the  coil.    But  then  it  will  be  asked,  wliy  si.  re- 
nriurkable  an  aui^mentation  of  the  effect  is  pi ociuced 
by  the  inciea^e  oi  tension  iu  the  case  ui  tiie  soil  iron 
bars  ?  When  we  are  able  to  answer  this  question  in  a 
satisfiicstoiy  manner^  we  sball  probably  hsfe  a  much 
more  complete  acqoatntanoe  with  the  leal  nature  of 
magnetiim  than  we  at  preaent  possess* 

Postscript, 

I  have  already,  in  the  former  part  of  this  pnper, 
described  an  experiment  which  indicated  that  no  altera- 
tion in  the  bulk  of  a  bar  of  soft  iron  could  be  pro- 
duceci  by  magnetizing  it.  I  thought,  however^  that 
it  would  be  interesting  to  confirm  the  fact  by  an  ob- 
servation of  the  alteration  of  the  dimensions  of  the 
iron  at  right  angles  to  the  direction  of  its  polarity. 
For  this  purpose  I  took  a  piece  of  drawn  iron  gas- 
piping  one  yard  long,  -^ths  of  an  inch  in  bore»  and 
of  an  inch  In  tnicfcncsst  A  piece  of  thick 
covered  copper  wire  was  Inserted  into  this  tube»  and 
bent  over  the  outside  of  it  in  the  manner  indicated 
by  fig.  2.  The  lower  extremity  of  the  iron  tube 
being  fixed,  and  the  upper  emi  being  attached  to  the 
micromelrical  apparntiis  tlesci  il)ed  in  the  first  seciiun 
of  this  paper,  enci I  division  ul  wiiicli  ctjrrespoiKled  to 
TTT^V?*?^  of  an  inch,  I  obtained  tiie  iuiiuwing  re« 
suits * 

Experiment  28.   Drawn  iron  tube. 
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£sperinieiit  28  (contmoed). 
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The  results  of  the  above  table  bhow  that  the  length  of  the 
tube  was  diminished,  in  order  to  make  up  for  the  increase  of 
its  diameter,  which,  in  this  instance,  was  in  tiie  direction  ofllie 
polarity.  The  quantity  of  tlie  sliortening  eflect,  viz.  3'4-,  is 
however  only  one-third  of  that  due  to  the  maximum  elongation 
of  soft  iron  bars  as  observed  in  the  first  section.  This  is  pro- 
'  bably  owing  to  the  grain  of  the  iron  being  in  cross  directions 
with  respect  to  the  polarity  in  the  two  cases ;  and  partly  per- 
haps to  the  iron  tube  not  being  fuUy  saturated  with  magnettsm. 
Tlie  experiment  is  worth  repeating,  especially  ns  it  nfTords  a 
mer\iis  of  studying  the  magnetic  condition  of  closed  magnetic 
circuits. 


XXXTX.  Second  Report  of  Proceedings  in  the  Cambridge 
Obscrvatori/  relating  to  the  New  Planet  { Neptune),  By  the 
Rev.  J.  Challis,  M,A.f  Plumian  Professor  of  Astronomy 
in  the  University  of  Cambridge  . 

IN  conformity  with  a  wish  expressed  by  tlie  Vice- Chancellor 
and  the  Observatory  Syndicate  at  tlieir  ordinary  terminal 
meetings  lield  on  March  15,  I  propose  in  Lhib  report  to  carry 
on^  fur  tiie  information  of  members  of  the  senate^  the  account 
of  proceedings  in  the  observatory  relative  to  the  new  plane^ 
a  first  report  of  which  was  made  on  December  IS  of  last  year. 
The  theoretical  grounds  on  wliicb  a  search  for  the  planet  was 
institutedi  the  manner  in  which  the  search  was  conducted,  and 
the  degree  of  success  that  attended  it,  were  stated  in  the  former 
report,  which  brought  the  history  of  proceedings  down  to  the 
date  at  which  tlie  plnnet  was  discovered.  I  have  now  to  give 
an  account  of  the  sulisequent  observations  botii  of  its  position 
in  the  heavens^  and  of  its  physical  appearance,  and  to  state  the 

•  Communicated  by  Professor  Challis. 
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results  respecting  the  orbit  whick  have  been  deduced  irom  the 
observations  by  calculation. 

A  regular  series  of  observations  of  the  }>lanet  was  com- 
menced on  October  S,  1846,  and  continued  at  all  available 
o)^portunities,  partly  with  the  ineHdiaii  rastniiiientt»aiid  partly 
wilfa  the  Kortfaamberland  equatoreal,  to  Detember  4,  mnni 
after  which  the  planet  became  too  faint  to  obaarve  on  the 
meridian  on  account  of  day-light«  The  observations  were 
subsequently  carried  on  with  the  equatoreal  to  January  15. 
The  series  wns  much  iriterrnj->te(l  by  cloudy  wrnther,  pnrti- 
culnrly  in  the  nioiuhs  of  December  and  January.  On  the 
Nv!n)[(  ]  have  obtained  twenty-eiidit  positions  ol  tlie  platut  with 
tiiL  iiieiidlan  instrument^  and  twcnty-five  po-iiu-iis  with  the 
Isonijujiiberland  equatoreal  by  mean:*  ufninety-Lwo  dill'erential 
observations  of  right  ascension  and  as  manv  of  north  polar 
distance.  The  equatoftal  measures  vara  all  ratarred  to  the 
same  star«  No.  7648  of  the  British  Assodatioo  Catak|pie^  the 
exact  place  of  which  was  deteimined  by  sixteen  observations 
with  the  transit,  and  eight  observations  with  the  mofa)  circle. 
I  have  reason  to  think  that  the  positions  obtained  with  the 
eqnntoreal  are  entitled  to  verj*  nearly  the  same  weight  as  those 
obtained  on  die  meridian.  All  the  alcove  observations  I  have 
conipieiely  reduced,  and  have  placed  tiie  results  at  the  dispo&al 
of  Mr.  Adams  for  (leducing  elements  of  the  planets  orbit. 

On  January  i'J,  I  iiad  lor  the  first  time  a  distinct  impression 
that  the  planet  vras  surrounded  by  a  ring.  The  appearance 
noticed  was  such  as  would  be  presented  by  a  ring  like  thai  of 
Saturn,  situated  with  its  plane  very  oblique  to  thedirectioo  of 
vision.  I  felt  convinced  Uiat  the  observed  elongation  eoutd 
not  b^  attributed  to  atmospheric  refraction,  or  to  any  irregular 
action  on  the  pencils  of  lioht,  because  when  the  object  was 
seen  most  steadily  I  distinctly  perceived  a  nT/mmcfrical  form. 
My  assistant,  Mr.  Morgan,  beiim  rfqiir^ted  to  pav  particular 
attention  to  ti»e  appearance  of  the  plunc  i,  ::ave  the  saint.'  direc- 
tion of  the  axis  of  eioiif/ation  as  that  in  u  iiu  h  it  appeared  to 
me.  1  saw  liie  ring  aijaiu  un  the  evening  ol  January  14.  In 
my  note-book  I  remarK^  "  The  ring  is  very  apparent  with  a 

Kwer  of  815»  in  a  field  considmbly  lllttmlned  by  lamp-light 
t  brightness  seems  equal  to  that  of  the  planet  itself.*  On 
that  eveningi  Mr.  Morgan,  at  my  request,  made  a  drawing  of 
the  form^  which  on  comparison  coincided  very  closely  witn  a 
drawing  made  independently  by  myself.  The  ratio  of  the 
diameter  of  the  ring  to  that  of  the  plannt,  as  mensurrd  from 
the  drawing^?,  is  about  that  of  ''  to  2.  The  angle  made 
by  the  axis  of  the  rin^  with  :i  parnlki  of  decHnntion,  in  the 

§oulh-precedii)g  or  north*foilowiiig  qu{irter»  X  e«tuuated  at  60% 
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PlroL  Cbaiiiii's  Observations  relative  to  the  New  Planet. 

By  a  mtMomMni  taken  with  tha  potttkm  drda  od  Jan.  1 5, 
under  very  vn&vourable  cireumilances,  this  aogle  was  found 

to  be  65  .  T  am  unable  to  account  entirely  for  my  not  having 
notii^d  the  ring  at  nu  earlier  period  of  the  observations.  It 
may,  however,  he  said  that  an  appearaute  like  this,  which  it 
is  ddiicult  to  ri(  )giiise  except  in  a  good  state  of  the  atmosphere, 
might  for  a  lung  time  escape  detection,  if  not  expressly  and 
repeatedly  looked  for.  To  force  itself  on  the  attention,  it 
woold  Inquire  to  be  teen  andar  aKtninaiy  fmiinbla  ciream* 
stoncet*  PrsTtous  to  the  obnenrations  Id  Jaonaiyy  die  planet 
had  been  hid  for  more  than  three  weeks  bv  douds.  The 
eveobgs  of  Jenuary  \2  and  14  were  particularly  good,  and 
the  planet  was  at  first  looked  at  in  itniog  twilight.  Under 
very  similar  circumstances  I  have  twice  seen  with  the  North- 
umberland telescope  the  second  division  of  Snturn's  ring, 

I  connnunicated  to  Mr.  Lassell  of  Liverpool,  who  was  the 
first  to  suspect  the  existence  of  a  rincr,  mv  observations  u[)<)ii 
itf  accompanied  with  a  diawiug ;  and  1  have  lect^ivetl  Irotii  iiiui 
in  return  a  drawing  of  the  appearance  presented  in  his  twenty* 
Ibet  reflector,  closely  resembliDg  mhie  Doch  as  to  the  form  and 
the  poeidon  of  the  ring.  Mr.  Ceesell  wrilesi  **Icaiinot  refuse 
to  coosuler  thel  jour  obsenratlon  puu  beyond  reasoneMe  doubt 
the  reality  of  nine.'*  In  this  conclusion  I  concur,  and  ac- 
cordingly in  communications  to  the  Royal  Astronomical 
Society  and  to  Scliumacher's  ^strojtomische  Naehrichten^  con- 
tainiiv^r  my  reduced  observations,  I  have  ventured  to  express 
my  conviction  of  the  existence  of  n  rinp^. 

By  micrometer  measures  taker»  with  the  Noi  tliuinhci  land 
telescope,  1  find  the  apparent  diameter  of  the  body  of  the 
plonel  lo  be  very  nearly  o' , 

The  above  account  includes  all  the  observations  on  the 
planet  I  could  obtain  before  its  disappeonmce  in  the  solar  rajs. 
By  the  Undnees  of  Mr.  Adams  I  am  able  to  add  some  pai^ 
tioilani  respecting  its  orbiti  which  he  has  derived  by  celottli^ 
tkm  from  the  reduced  pieces  with  which  I  furnished  him.  As 
wes  stated  in  the  former  report,  Mr.  Adams  cnlctilated  first 
approximations  to  the  elements,  by  employing  the  places  I 
obtained  on  Anrrust  4  and  12  in  the  course  of  sonrchin(r  for 
the  planet,  with  observations  since  the  discovery  exLeruluiL;  to 
October  13.  For  the  sake  of  comparison  with  tiie  second  ap* 
proximations,  I  now  give  the  first  results* 
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Heliocentric  longitude   •   «   .    .  326  59   Aug,  4»  1846. 
Longitude  of  the  descending  node*  309  48 
Inclination  of  the  orbit  •   .   •   •     1  45 

Plstance  ofthephuet  from  the  stm  80Dt5 

88 
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In  calculating  the  following  second  approxlmadoos,  Mr. 

Adams  used  the  mean  of  the  two  places  of  Augustas  a  single 
place,  nnd  of  the  others  he  selected  nine  wliicn  seemed  to  be 
the  best  determnied,  and  which  were  separated  by  convenient 
intervals.  All  the  results  are  calculated  for  the  epoch  ol  ibiO^ 
August)  8*0  mean  time  at  Greenwich.  ^    ^  ^ 

Heliocentric  longitude  of  tiie  planet  referred 

to  the  mean  ec^uinox  of  IS^T'O  •   •   .   .826  41  12*3 
Heliocentric  motion  in  longitude  in  100  days       36  6*52 

Heliocentric  latitude  south   30  34*4 

Change  of  heliocentriclatitude in  100  days  •        1  4*44 
Longitude  of  the  descending  node  •   •    .   •  810   3  44  0 
Inclination  of  the  orbit   1  46  49*1 

Distance  of  the  planet  from  the  sun  •  .  «  30*008 
Half  the  latus  rectum  of  the  orbit  •   .  .   •  30'S8S 

The  tirst  position  on  which  llie  above  results  depend,  that 
of  August  4,  was  obtained  sixteen  days  before  the  planet  was 
in  oppositioui  and  the  last  position,  that  of  January  15»  thirty- 
two  days  before  it  was  in  conjunction.  The  great  variation 
of  the  planet's  elongation  from  the  sun  in  this  interval,  is  fa- 
vourable to  the  correctness  of  the  above  determinations^  which, 
although  they  cannot  pretend  to  extreme  accuracy  on  account 
of  the  short  period  over  which  the  observations  extend,  are 
yet  entiticd  to  considerable  weight.  Mr.  Adams  has  in  fact 
calculated  the  probnble  errors  of  the  above  results  by  sup- 
posing each  observaliuii  ul  right  ascension  oi  ul  nurlli  polar 
distance  to  be  liable  to  an  error  of  3";  and  he  finds  that  there 
is  little  probability  of  tlieir  receiving  any  great  amount  of  oor> 
rection  by  taking  account  of  future  observations.  It  may  be 
remarked  that  tne  first  and  second  approximations  do  not 
diflfer  by  any  large  quantities.  Hence  it  may  be  inferred  that 
the  places  of  August  are  deserving  of  confidence,  and  that  on 
account  of  the  extension  given  to  the  period  of  observation 
by  including  those  places,  this  second  approximation  to  the 
elements  is  more  accurate  than  it  would  nave  l)een  if  it  de- 
pended solely  on  observations  made  since  the  discovery  of  the 
planet. 

The  calculations  give  BQ'  8"  for  the  planet's  heliocentric 
motion  from  August  4  to  January  15.  This  is  so  small  an 
arc  that  it  is  not  possible  to  deduce  with  any  degree  of  cer- 
tainty tliosc  elements  the  determination  of  which  depends  on 
change  of  the  heliocentric  distance.  Mr.  Adams  has,  how- 
ever, discussed  the  observations  with  this  object  in  view,  and 
has  obtained  certain  limiting  results,  which,  as  possessing 
considerable  interest^  I  liere  subjoin. 
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The  eccentricity  of  the  orbit  cannot  exceed  018.  The 
most  probable  value  is  0*06f  which  difito  bnt  little  from  the 
eeoentricitiee  of  the  orbits  of  Jupiter,  Saturn  and  Uranus. 

The  most  probable  longitude  of  perihelion  is  49°  58',  and 
the  probable  true  anomaly  876^  49^9  according  to  which  ti^e 
phuMl  is  near  the  extremity  of  the  latus  redum  and  is  de- 
scending towards  perihelion.  These  results  are  extremely 
uncertain. 

Tfie  mean  distance  is  30*35,  with  n  f'»robable  error  of  0*25  ; 
and  iho  corresponding^  sidereal  |)eriud  is  167  years,  with  a 
probable  error  of  about  l\\o  years.  Ii  is  remarkable  that  the 
pei  iothc  time  is  very  nearly  iloublc  that  of  Uranns;  so  that 
these  two  bodies  will  offer  an  instance  of  mutual  perturbations 
of  large  amount  difiering  in  character  from  those  of  the  other 
planets*  but  analogous  to  the  mutual  perturbations  of  the  first 
and  seeond»  and  second  and  third  satellites  of  Jupiter. 

According  to  Bode*s  law  of  the  planetary  distances^  the 
mean  distance  of  the  new  planet  shouUl  be  nearly  38.  The 
actual  mean  distance  differs  so  much  from  this,  that  we  are 
compelled  to  conclude  that  this  singular  law,  whicli  holds  with 
reference  to  the  other  planets,  fails  in  (his  instance. 

Since  the  apparent  diameter  of  tlie  new  planet  is  to  that  of 
Uranus  nearly  in  the  ratio  of  3  to  4,  according  to  ilie  foregoing 
determination  of  the  distance  its  bulk  is  to  that  of  Uranus  in 
the  ratio  of  8  to  5. 

The  above  Is  the  sum  of  the  results  derivable  from  the  first 
series  of  observations.  For  further  and  more  exact  informa- 
tion we  must  wait  till  the  planet  emerges  from  the  solar  nm. 
Before  concluding  this  report,  I  am  desirous  of  saying  a  fow 
words  reflecting  the  name  of  the  planet.  I  recently  had  the 
satisfaction  of  receiving  from  M.  Struve  the  copy  of  a  commu- 
nication read  by  him  at  the  general  annual  meeting  of  the  Im- 
perial Academy  of  Sciences  of  St.  Pelersbnrg,  on  December 
29,  in  which  he  states  the  reasons  that  have  induced  himself 
and  the  other  Ponlkova  astronomers  to  adhere  to  the  name 
of  Neptuncy  which  name  was  first  proposed  by  the  French 
Board  of  Longiiuile,  shortly  after  the  discovery  of  the  planet. 
These  reasons  are  thus  brieflv  expressed  in  a  note  addressed 
to  mejpeiMnally:  The  Poulkova  astronomers  have  resolved 
to  mamtain  the  name  of  Neptune^  in  the  opinion  that  the  name 
of  Le  Verrier  would  be  af^inst  the  accepted  analogy,  and 
against  historical  truth  ;  as  it  cannot  be  denied  that  ^I.  Adams 
has  been  the  first  theoretical  discoverer  of  that  body,  though 
not  so  happy  as  to  effect  a  direct  result  of  his  indications.^* 
M.  Stnive's  communication  has  been  published  in  this  coun> 
try  by  ti»e  Astronomer  Eoyai»  who  has  expressed  his  assent  to 
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fibe  xeawmt  thereiii  contained,  and  bif  determination  to  adopt 
the  name  of  Neptune.    Prof.  Gauss  and  Prof.  Encke  have 

also,  as  I  understand,  adopted  this  name.  I  have  only  to  add 
that  it  is  my  intention  (and  I  am  permitted  to  say,  the  inten- 
tiQii  ot^  Mr.  Adams  also)  to  ioilow  the  eitample  M  by  these 
eminent  astronomers. 

Cambridge  Observatoij^ 
MarcE  22,  1847. 


XL.  On  ik€  Hourfy  MUraikms  of  the  Vapmer  Aimo$pktn  &i 
BatAtnf.  Sjy  Thomas  Hofumis  £iq.* 

[With  a  Fkte.} 

I HAVE  already  availed  myscli  ot  ilie  uljacrvations  made 
at  Bombay  under  the  superintendence  of  Dr.  Baisl* 
tfarcMBgb  a  paper  on  the  meteorology  of  that  place  by  Colooel 
Sabine^  on  wnich  I  nade  some  remarks  thai  were  inserted  in 
the  Philosophical  Magazine  for  December  1846.  But  since 
those  remarks  were  written  I  have  had  transmitted  to  m% 
through  the  kindness  of  Colonel  Svkes,  a  lithographed  copy 
of  the  observations  themselves,  in  which  are  to  Be  found  im- 
portant facts  connecte<1  with  the  hourly  production  of  aqueous 
va])our  at  Bombay,  and  its  apparent  influence  ou  the  move- 
ments of  the  barometer. 

In  addition  to  the  hourly  registrations  of  other  meteorulo- 
gical  iustrumcjits,  Dr.  i^ui^i  iiua  iut  iii^licd  cuiunms  of  the 
heights  of  the  wet-  and  dry-bulb  thermometers,  showing  the 
hourly  depression  of  the  wet  below  the  dry  themomeler  for 
each  month  of  the  year  184S«  From  these  oolonmsi  it  appears 
that  the  wet  was  depressed  below  the  dry  instrumenty  to  a  cer- 
tahi  extent  varying  both  with  the  time  of  the  dajr  flod  the 
8eas«i  of  the  year.  The  depression  was  the  least  m  the  wet 
season  and  the  greatest  in  the  dry  one ;  and,  with  reference  to 
the  diurnal  changes,  the  depression  was  generally,  but  not 
uniformly,  the  least  about  sun-rise  and  the  greulest  near  to 
mid-day.  These  depression:,  ul  the  wet  below  the  dry  ther- 
mometer are  known  to  be  results  of  the  cooling  power  of  eva- 
poration of  water  on  the  bulb  of  the  wet  iasU  uuientj  and  the 
oooUng  thus  produced  is  proportioned  to  the  extent  of  eva- 
poration of  water  that  takes  place  |  being  small  when  the  evap 
poration  is  little^  and  great  when  it  is  mach»  Thus  the  regis- 
tration of  the  wet-buib  thcrmonieter  not  only  furnishes  us 
with  means  of  determininj^;  how  far  evaporation  kept  down  the 
temperature  of  the  thermometer  exposed  to  its  influence  but 
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also  of  ascertaining  what  were  tlie  relative  amounts  of  water 
evaporated  during  the  different  portions  of  the  time, — the 
cooling  being  the  effect  of  the  conversion  of  certain  quantities 
of  water  into  aqueous  vapour,  and  being  in  every  separate 
part  of  that  lime  proportioned  to  tlie  quantity  converted. 

We  have  also  in  a  separate  coluiiiu  ul  Dr.  Buist*s  returns, 
the  iiiiierence  between  the  dry  and  the  wet  therniomeicia ; 
and  this  difference  may  be  taken  to  express  the  relative  qiian- 
tiliea  of  water  evaporated,  and  the  force  of  evaporation.  From 
aboQt  riz  in  the  moming»  varying  with  the  aeason^  thia  differ* 
ence  generally  increasea  until,  say  twelve  or  onec^clock  in  the 
day,  when  it  declines  until  the  ibllowiog  morning. 

As  already  stated,  evaporation  is  less  in  the  wet  than  in  the 
dry  senson  ;  and  there  is  also  less  difference  between  the  morn- 
ing aiul  micl-clny  force  of  evaporation  in  the  former  thau  in 
the  latter  seasoit.  The  coltl  part  of  the  year  is  tlie  pcrioil  lor 
the  land  and  sea  breezes,  and  also  for  the  extensive  daily  fluc- 
tuations of  the  barometer;  and  J3r.  Buist  says  that  this  season 
la^ts  five  months,  namely,  during  October,  November^  De- 
cember, January  and  February,  forming  the  winter  of  the 
part.  But  of  these  October  is  wavering  and  uncertain ;  we 
may  therefore  consider  the  other  four  monlhs  as  the  season 
when  the  sea  and  land  breeaea  blow  in  the  most  decided  man- 
ner, and  in  which  the  greatest  daily  fluctuations  of  the  baro- 
meter take  place;  it  is  consequently  desirable  that  we  should 
carefully  examine  the  returns  for  the  whole  of  these  months. 
To  do  this,  we  will  take  the  njean  hourly  difference  between 
ilie  dry  and  wet  thermometers  lor  each  month,  and  by  adtljii:^ 
lliLTii  tojrether  and  dividing  by  four,  obtain  the  mean  hourly 
Jorce  ot  evaporation  for  the  winter  season.  This  I  have  done, 
and  the  result  b  given  in  the  following  table,  to  which  are 
added  in  other  ookimns  the  mean  hourly  heights  of  the  bann 
metery  thermometer  and  weubulb  thermometer,  ibr  the  same 
period,  that  the  whole  may  be  seen  at  one  view  in  juxtaposition. 
The  same  facts  are  shown  in  a  diagram  (Plate  IV.),  in  which 
the  curve  of  the  wet^bulb  thermometer  is  exhibited  in  acoord> 
ance  with  the  figures  of  the  table ;  and  also  as  a  base  line, 
from  which  the  distance  of  the  dry  thermometer  is  shown,  the 
interme  Ii;ue  space  marking  the  relative  ibrce  of  evaporation 
in  each  hour  of  the  day. 
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Table  of  the  Mean  Hourly  state  of  the  followinir  instruments, 
and  of  the  force  of  evaporation  for  tiie  lour  winter  months 

of  184f3. 


Houn. 

ThennoBMter. 

\v  ri-i>uio 
tlicnuoiiictcr. 

4  A.M. 

29ba8 

o 

74-9 

68-4 

o 

5  A.1I. 

29'848 

74*6 

67*8 

6*8 

G  AJi. 

29-867 

74- 1 

67'4 

6-7 

7  A.M. 

29'.S«9 

73-6 

(i/S 

6-3 

8  A*JI. 

29*911 

74-9 

68-1 

G-8 

9a.u. 

29*9fi8 

770 

68'9 

8*1 

]OA.ir. 

29'92*J 

7H-i 

g:m 

93 

I  I  A.Sf. 

29-91 1 

79-6 

(;ii-4 

10  2 

12  a.m. 

29-884\ 

80-8 

69-5 

U-3 

1  F.M. 

29-853 

81'6 

70*4 

ll*? 

2  p.m. 

29-827 

o~  ^ 

71*9 

10-3 

3  P<M. 

29-817 

72-6 

9  6 

4  P.M. 

i^9bIo 

81-9 

91 

5»*M. 

29-817 

V  810 

7«'4 

8-8 

6  P.M. 

29-8a."» 

790 

72-2 

7-4 

7  P.M. 

29-854 

788 

71-9 

6-9 

8  P.M. 

29-874 

78-4 

71-6 

6-8 

UP.JI. 

29-886 

77-7 

70-9 

6-8 

10  p.m. 

29-887 

76-9 

G9-8 

7-J 

11  P.M. 

29-881 

,  76-4 

69-3 

7-2 

1  2  P«J4» 

29-873 

^  761 

69*0 

7-1 

1 

29-862 

7C0 

69-2 

ii'S 

2  a.m. 

29-848 

7o7 

m-D 

6-8 

3  A.M. 

29-841 

n  75-3 

68-5 

68 

By  examining  this  tablc^  we  mav  see  that  evaporation  at  four 

in  the  morning  is  6^*5,  from  which  it  rises,  until  at  ten  o'clock 

it  is  9^*3,  being  nn  increase  of  2°'8;  and  during  this  time  the 
barometer  is  admitted  to  be  raised  to  the  height  that  it  attains, 

29'92H  inches,  throii*:h  the  pressure  ol  the  vapour  tliat  lias 
been  rcn  !nly  produced  by  evaporation  and  thrown  into  the 
atmospliere. 

From  ten  to  twelve  o'cluck,  evaporation,  as  measured  by  the 
dilici  encc  between  the  two  thermumcLcr.s,  increases  up  to  1  i  '3, 
being  a  further  rise  of  2*^;  but  at  tlie  same  time  tlie  barometer, 
inst^  of  rising  higher^  as  might  he  expected,  falls  no  less 
than  *044»  as  by  that  hour  it  sinks  to  29*884  inches. 

Evaporation  becomes  rather  less  active  aAer  twelve  o'clock ; 
but  it  still  shows  great  force,  and  continues  to  exhibit  it  till 
four  o'clock,  at  wliich  time  it  is  9°'l,  being  only  *2  less  than 
it  was  at  ten  in  tlie  morning.  Yet  durinir  the  whole  of  the 
time  from  ten  in  tlie  raornmg  to  four  in  tlic  afternoon,  when 
evaporation  was  so  energetic,  the  barometer  was  fallin^r?  and 
sunk  no  less  tlian  *il3.    What  then  became  of  tlie  vapour 
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that  was  produced  and  discharged  into  the  atmOiipliere  within 
tbta  period?  The  quantity  passed  into  the  atmosphere  in 
the  SIX  hours  must  have  been  large,  it  being  the  product  of 
an  averai^e  evaporation  of  10°*3  lor  the  whole  lime;  whilst 
the  average  for  the  previous  six  hours  was  only  7^*3  when 
the  barometer  was  rising.  Now,  can  it  be  supposed  that  a 
conip.u  atively  small  addiiionai  (|uaiuiiy  of  vapour  raised  tlie 
barometer  considerably  from  four  to  ten  in  the  morning,  and 
a  further  large  addition  to  that  quaotityi  acting  in  the  same 
way  from  ten  to  fbnr  in  the  afternoon,  not  only  ceased  to  ratae 
it»  bnt  was  attended  by  a  iail  of  that  instrument  to  an  extent 
greater  than  the  previous  riset — without  some  other  cause 
coming  into  operation  ?  It  cannot  be  maintained  that  the 
increase  of  surface  thermometric  temperature  had  but  little 
counteracting  clft'ct  before  U  n,  and  great  countcrnctinii'  cf!trct 
nf\<T  that  time  until  lour  o'clock.  For  the  rise  ut  liie  tiier- 
mometer  from  four  to  ten  in  the  morning  was  little  less  than 
it  was  from  ten  in  the  nioi  ijiiig  to  two  in  llie  alieriioon, — the 
time  of  the  higliest  temperature,— it  having  risen  so  much  as 
S^*5  in  die  former,  and  only  5^*8  in  the  latter  perkNL  And  it 
dioald  he  remembered  that  et aporation  from  ten  to  four  was 
constantly  adding  fi-esh  vapour  to  that  which  was  prerioosly 
in  the  atmosphere^  where  the  wiiole  was  accnmnlatingi  and 
pressing  with  its  aggregate  weight  on  the  barometer.  There 
IS,  therefore,  in  the  facts  presented  to  us  in  the  tnbles,  no 
countenance  for  the  supposition  thai  temperature,  as  measured 
by  the  thermometer  near  the  surface  of  the  earth,  counteracted 
the  increase  of  vapour  jiressure  after  ten  o'clock,  and  caused 
the  fall  of  the  baromelcr. 

It  is  liowew  sufficiently  evident,  from  the  facts  given,  that 
the  vapour  produced  in  the  morning  constituted  the  material 
which  supplied  tho  beat  that  at  this  time  rendered  the  atmo- 
sphere warm  and  li|^t  in  the  locality,  and  caused  the  baro- 
meter to  fall. 

When  the  sun  advances  above  the  horizon  it  warms  the 
surface  of  the  globe,  and  not  only  increases  evaporation  of 
water,  but  heats  that  portion  of  the  atmospheric  gases  that  is 
near  the  surface, — which  portion  rises  prol)ably  in  separate 
streams  or  cohitniis, — cooler  columns  at  the  same  time  de- 
scending to  the  burlacc  and  taking  the  place  of  the  wanner. 
Thb  process  goes  on  as  the  sun  rises  nigher,  until  at  some 
patrticular  time,  depending  on  the  locali^and  season,  tlie 
asesnding  columns  reach  a  height  sufficient  to  enaUe  tlie  esc- 
panding  ^ases  to  cool  and  condense  some  of  the  vapour  whidi 
IS  Jatermmgled  with  them«  This  ordinarily  takes  place  from 
BOM  to  cwven  o^ciock»  or  say  at  ten  tn  the  monilng^  liom 
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which  Iiour  condensation  is  waiuiing  the  atmospheric  mass  in 
the  locality.  This  wanned  mass,  a  mixture  of  gases  and 
TO[K)ur,  as  it  ascends  is  acted  on  by  the  dififereat  laws  oi  cooU 
iiigt  of  ooDdeoattion,  and  of  eacpanaum  by  hmXf  which  the 
eoostitueiit  parts  of  tha  attnoaphare  obayi  and  tho  rasak  ia 
the  formalioii  of  a  bnoyanC  column  of  cloudt  of  araatar  or  less 
thickoesSy  according  to  the  auantity  of  vapour  uat  has  baaa 
condensed.  The  whole  local  column  being  thm  made  ligbtar 
by  the  liberated  hent,  it  presses  with  less  force  on  the  surface 
of  tho  earth,  end  consec^juently  on  tlie  barometer.  This  dimi- 
nished pressure  is  however  effected  thimi^li  the  liberated  heat 
driving  a  portion  of  the  material  of  thij  auiiosphere,  the  gases, 
iioiu  the  heated  part  lu  other  pai  Us  ol  die  atmospheric  space ; 
and  thus  we  find  that  the  heat  iust  liberated  by  .the  condeu* 
latioD  of  vapour  oonnteiacta  the  Increased  preisare  of  the 
aqueous  roattar»  which  is  at  the  aame  time  paasu^  into  the 
atmosphere  in  the  form  of  vapour.  For  k  b  here  oootanded 
that  the  vapour  that  had  been  produced  from  lour  to  ten  in 
the  morning,  is,  soon  after  the  last-named  hour,  not  only  raised 
but  condensed, — ileprived  of  a  part  of  its  heat,  and  converted 
into  minute  particles  of  water,  wi)!ch  float  in  the  gaseous 
atmosphere  as  a  cloud;  and  as  such,  undoubtedly  form  a  part 
of  the  w I uile  atmosphere  and  contribute  to  its  weight.  It  is 
not  thercioi  e  through  a  reduction  in  the  (quantity  oi  aqueous 
matter  in  the  local  atmosphere,  at  this  period  of  tlie  day,  that 
the  barometer  fidlat  but  that  fiiU  is  caused  by  the  eaqpandiug 
power  of  liberated  heat  driving  from  the  heated  vertical  oo* 
lumn  a  part  of  the  ponderable  gases  which  previously  existed 
within  i^  and»  in  that  way,  bv  removing  a  part  of  the  material 
of  the  atmo8phei%  cansing  the  remainder  to  preaa  with  ksa 
weight  on  the  barometer. 

The  qunntity  of  vapour  that  parses  daily  into  the  atmo- 
sphere wliiie  the  temperature  is  rising,  and  wliich  docs  not 
fall  as  rain,  is  returned  to  tiie  earth  as  dew  on  its  suriacej 
and  thus  an  c(|uihbrium  is  establislied  between  the  production 
and  the  condensation  of  vapour;  but  this  does  not  take  place 
during  the  period  of  which  we  have  been  treating,  that  ia  to 
eay»  &m  four  o'clock  in  the  morning  to  (bur  in  the  aftemoon. 
Vapour  is  not  daily  abstracted  from  the  atmosphere  bv  the 
formation  of  dew  on  the  surface  of  the  earth*  until  the  mkh 
meter  oeaaet  to  foil  at  four  o'clock  in  the  aflamoon*  At  pre* 
sent  we  have  to  consider  the  influence  of  vapour  during  two 
periods  of  six  hours  each,— that  in  which  the  barometer  is 
risiner  from  four  to  ten  in  the  morning,  and  that  in  winch  it  is 
sinking  from  ten  to  four  in  the  ul'ternoon :  and  it  lia^  been 
shown  that  acpeg^^s  noattej:  dunug  the  whole  oi  dm  ume  was 
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increasing  in  anuitily  ind  accumulating  in  lihe  atmosphmi 
and  as  fitt  as  that  matter  influeiKwd  tb«  «tilloapber%  it  mmt 

have  increased  its  weight.  The  aggregate  pressure  of  aqueoui 

mrjtter  did  not  cease  to  increase  at  ten  o'clock  in  the  morninc, 
wiien  tlie  barometer  began  to  fail;  that  ia!l  wns  produced  by 
a  new  cause  wiiii  h  then  came  into  operation  in  the  locnlity, 
namelyi  the  expaadiug  and  displacing  power  of  liberated 
heat. 

It  will  probably  be  asked  whether  cloud  forms  near  to,  or 
am  Bombty»  antr  Dm  o'doek*  aod  inenMies  tlU  four, 
amuMd?  and  to  tkit  inquiry  I  onnot  giv«  aa  antwer  tkat  ia 
likalj  to  be  quite  satisfactory,  not  having  full  information  on 
the  aubtect.  Dr.  Buist,  in  his  introductory  remarks,  does  not 
particularly  notice  the  tbrniation  of  clouds  within  that  portion 
of  the  day.  In  tl)c  !iourly-observation  tables  there  is  a  column 
for  describing  the  appearance  of  clouds  ;  and  the  entries  in 
that  cohitini  ^\\ow  tluiL  die  cumulus,  the  cirro-cumulus,  and 
the  ciiiu-sUuLus  vveio  ol'ten  formed,  but  tliey  are  not  de- 
scribed in  such  a  wav  ua  would  juauiy  me  in  adducing  them 
as  proofs  of  the  agency  here  ascribed  to  them,  although  they 
do  fbniish  tatbar  atrm  prasumptiyo  avidanca  on  the  subjaot. 

Clonda  iorm  prettjr  fiaely  liom  ton  m  the  mominir  till  ibnf 
in  the  aAarnoont  whilst  from  ten  at  night  to  fonr  in  tne  morn- 
lag  the  atmosphera  k  rafiraiaoted  as  being  generally  dear  t 
and  taluog  the  accounts  siyen  of  the  clouds  during  the  two 
periods,  we  are  fully  antnorized  to  say  that  they  formed  and 
remaincf!  suspended  in  the  air  during  tiie  ibnncr  period,  and 
were  tiissulvetl  bt  Ilh  c  ilic  arrival  of  the  latter  period  ,•  showing 
that  there  were  daily  Ibrmation  of  cloud  by  condensation  of 
yapour,  ond  daily  dissipation  uf  LliOi»e  cluiids  by  evaporation. 

But  in  addition  to  the  daily  formation  of  yisible  clouds,  there 
aia  indicatioos  that  oondansatkm  takes  place,  bat  only  to  wch 
an  axtsnt  as  to  prodaaa  a  haatnasa  or  misty  appaaranca  in  tba 
sky ;  and  if  this  process  is  carried  on  nntil  a  considaraUa 
height  is  attained,  it  must  warm  tho  atmospbario  mass  and 
lighten  it.  Indeed,  at  the  commeneanant  of  the  process  of 
gradual  condensation,  the  cloud  thnt  is  thereby  formed  is  not 
seen ;  as  it  is  only  when  a  sufficient  stratum  of  floating  glo- 
bules of  water  is  pro{h!ced  that  the  cloud  becomes  visible. 
The  first  slight  tuilmgof  the  barometer  beibre  rain  is  probably 
caused  in  this  way. 

Judginff  from  analogous  cases,  it  may  be  presumed  that 
palpable  daily  donda  at  Bombay  were  flrn  fimnad  naar  thn 
high  ground  to  tha  east  of  that  plaea^  as  sodi  doods  in  otlMr 
sunilar^iac^^nerally  form  near  to,  or  against  tha  aidaa  of 


958  Mr.  T«  Hopkins  on  ike  Fapour  Mmotpkere  at  Bombay. 


many  parts  of  the  world ;  but  the*lbUowing  account  given  bv 
Hutchison  of  Glasgow^  contains  a  description  of  that  which 
ordinarily  takes  place  in  locaiities  similar  to  that  of  Bombajry 
although  the  distance  of  the  monntalns  from  tlie  places  of 
observation  in  the  two  cases,  and  t^ie  influences  of  the  trade- 
winds  mny  modify  the  process.  Mr.  Hutchison  says  that 
"  the  formation  of  clouds  is  finely  illustrated  hy  the  pha?no- 
niena  (\ai\y  exhibited  during  the  dry  season  over  what  are 
called  the  Liguana,  or  Port  Iloyal  Mountains  in  the  island 
of  .latnaicn.  These  mountains  arc  situated  about  four  or  live 
miles  to  tlic  iiorth>east  by  cast  oi  Kingston,  the  principal  port 
in  the  island,  and  their  height  above  the  level  of  the  sea  is 
about  4000  to  5000  feet.  During  the  dry  season,  from  the 
beginning  of  November  till  the  middie  of  April)  the  sea  and 
land  breezes  alternately  succeed  each  other  with  an  interme* 
diateinterval  of  atmospheric  stillness,  in  the  following  manner. 
From  sun-rise  till  about  ten  o'clock  in  the  forenoon  it  is  usually 
perfectly  calm.  About  ten  o'clock,  the  sea  breeze,  blowing  at 
Kin<Tston  from  tfie  enst,  or  a  little  to  the  south  of  east,  com- 
mences and  continues  tili  about  half-past  tlnce  in  the  after- 
noon, when  it  gradually  and  entirely  sub^uki. "  Again, 
**  About  eleven  o'clock  every  forenoon,  or  between  that  and 
mid-day^  the  summits  of  the  Port  Royal  Mountains  begin  to 
be  covmd  with  clouds,  whichf  thouj^h  thin,  fleecy  and  trans- 
parent  at  firsts  graduidly  increase  m  density  till  about  one 
c^dock.  By  this  time  the  upper  portions  of  the  mountaiut 
when  viewed  from  Kingstoni  seem  to  be  wholly  enveloped  in 
dense  cloudsi  rain  is  apparently  falling  in  torrents,  flashes  of 
lightning  are  seen,  and  the  sound  of  distant  thunder  is  heard. 
About  lialf-past  two  o'clock  in  the  afternoon,  the  clouds,  gra- 
dually diminishing  in  density,  begin  to  quit  the  mountains; 
so  that  their  summits  again  become  visible,  as  in  the  morning, 
and  so  continue  till  about  eleven  o'clock  the  fol lowing  day. 
Tlie  clouils  after  quilting  the  mountains  rise  gradually  to  a 

£ eater  altitude  and  float  veiy  slowly  westward,  assuming  as 
ey  proceed  the  appearance  of  large  heaped-up  cumuli.^ 
See  Hutchison  on  Meteorological  Phaenomenay  p.  64. 

The  general  trade>wind  about  Jamaica  was  m>m  the  east^ 
and  it  bore  the  ascending  douds  to  the  west  in  the  afternoon : 
the  trade-wind  at  Bombay  was  ordinarily  from  north  of  west^ 
and  it  would  doubtless  modify  the  influence  of  the  mountains 
on  the  clouds  formed  in  the  part.  Were  meteorological  in- 
struments corresponding  with  those  kept  at  Bombny  placed 
to  the  cast  of  that  place  at  the  ri-c  of  the  hills,  and  registered 
in  the  same  way  as  at  Roinlniy,  it  would  jnobably  throw  fur- 
ther light  oil  liie  daily  uimubpheric  di:>lui  baucts  in  this  part 
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of  the  wocldy  and  enable  us  to  form  a  better  judgement  of  the 
alterations  which  take  place  in  other  parts.  The  daily  range 
of  the  barometer  at  Poonah,  which  is  on  the  eastern  side  of 
the  ridge  of  the  Ghauts,  and  far  from  the  aea.  Is  abont  as 

threat  ns  it  is  at  Bombay.  There  can  be  no  sea  breeze  at 
Poonah,  as  the  mountain  range  is  between  rt  and  the  sea  j 
but  are  there  not  diurnal  winds  of  biuiiiar  cliaracter  to  those 
on  the  coast?  Corresponding  registrations  at  Poonah,  l^om- 
bay,  and  j>ome  intervening  place  on  the  west  of  the  Ghauts*, 
might  furnish  valuable  additions  to  uui  alock  of  nieleurological 
inmnnation,  and  enable  ns  to  trace  the  operating  causes  as 
tb«r  pass  from  one  meridian  to  another,  and  might  thus  fur- 
nish us  with  more  condusive  evidence  d'the  nature  and  causes 
of  the  hourly  alterations  which  occur  in  the  atmoaphers  than 
any  that  can  be  addoeed  at  present. 


XLI.  Remarks  on  the  Extractive  Maf  rial  of  Urine,  and  on 
the  Excretion  of  Sulphur  and  Phosphorus  hy  the  Kidneys  in 
anmoxidized$tat€.  By  Edmund  KouALD^PkJ>^Gimen*. 

QOME  months  back,  at  the  instigation  of  Dr.  Goldin^  Bird, 
^  I  undertook  some  experiments  to  ascertain  whe&ery  in 
cases  of  diseased  and  imperfect  function  of  the  lungs  or  liver, 
wlien  the  normal  quantity  of  carbon  could  not  be  discharged 
from  the  system  by  those  channels,  the  kidneys  undertook  an 
extra  duty,  and  wiiether  under  such  cirt  u instances  an  excess 
of  carbon  could  be  shown  in  the  urine  above  that  usually 
secreted  uikIli"  healthy  conditions. 

Should  this  question  be  answered  in  the  affirmative,  and 
should  It  be  found  that  a  larger  amount  of  carbon  vras  excreted 
by  the  urine  in  persons  affected  with  such  diseases,  a  practical 
ajiplication  might  reasonably  be  made  of  the  fact.  For  by 
stimulating  the  kidneys  to  still  greater  exertion,  the  amount  of 
work  required  of  the  lungs  or  of  the  liver  could  be  lessened^ 
and  thus  a  better  chance  offered  them  of  being  restored  to  a 
healthy  stnte. 

The  method  proposed  for  solving  this  jii  oblcin  was,  to  pre- 
cipitate the  urine  of  difTerent  palieiU.>  suliering  iVom  diseases 
of  the  kinds  mcntionLil,  with  basic  acetate  of  lead,  keeping  it 
slightly  alkaline  by  the  addition  of  u  icw  drops  of  ammonia, 
then  to  ascertain  tne  amount  of  organic  matter  contained  in 
the  precipitate,  and  in  particular  tne  amount  of  carbon,  and 
lastly  to  compare  these  quantities  with  those  obtained  In  a 
similar  manner  from  the  urine  of  healthy  individuals* 

*  From  the  Philosophical  Transactions  for  ]840,pftrt  iv.;  having  been 
foeeivecl  bf  the  Rofsl  Society  April  S5«  sod  resd  Jaoe  \%,  18461 
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In  endeavouring  to  determifM  th»  Miiofint  of  oraanid  Mtter  Id 
the  i«ftd  precipitate  by  burmng,  aslilMmriitiii  MmwMagiSm 
qnantily  of  emon  by  ati  oleiiiflntarf  analytfs  of  the  Mine  pr»- 
oipitKtt  witl)  oxiile  of  copper,  reralts  were  obtained  whleil  did 
no!  igree^  and  mftny  difficultiM  arose  which  it  is  not  neeesaary 

10  state  now,  but  which  rendoRd  it  absolutely  necessary  to 
separate  by  some  mean*?  the  organic  matter  from  the  oxide  of 
lead  before  submitting  it  to  analysis,  and  even  that  we  might 
obtain  accurately  its  quantity.  Whilst  enijiloyLM:]  in  seekinj^ 
an  accurate  mode  of  separation,  Dr.  Scherer's  {")aper  appeared 

011  the  extractive  uiaLiers  of  urine*,  in  which  a  succe^stul  tnode 
of  separation  is  de$tcribed,  and  the  question  at  issue  answered. 
Dr.  Sclierer  finds  that  the  extractive  or  colouring  matter  of 
the  urine  oontaiiit  a  latgor  qoositiiy  of  oarbon  ana  hydrogen 
when  obtained  from  peraoof  in  whom  the  normal  fiuMNkm  of 
the  longs,  of  the  liver  or  of  the  skin  is  derangedi  than  when 
taken  liroai  healthy  subjects,  and  that  the  same  excess  of  carbon 
passes  off  by  the  urine  when  the  diet  is  more  than  nsoalij  rich 
m  that  element.  From  his  paper  however  it  does  not  appear 
that  the  quantity  of  this  extractive  or  colouring  matter  passed 
durin«^  a  ccrtrtin  space  of  time  has  hcv\-\  ascertained,  and  it 
strikes  me  that  lie  assumes  the  quantity  oi  extractive  to  be  the 
same  in  all  kinds  of  urine;  this  I  think  requires  to  be  proved 
before  it  can  be  positively  alfirnied  that  more  carbon  and  hy- 
drogen (lu  pass  off  by  the  urine  in  such  diseased  conditions,  as 
a  larger  quantity  of  less  highly  carbonized  extractive  matter 
misht  compensate  for  the  excess  of  carbon  in  the  more  highly 
caroonised,  supposing  the  latter  to  be  in  less  (|itanti^.  The 
relative  quantity  of  uiese  matters,  and' likewise  the  relative 
quantities  of  urea  in  a  certain  amount  of  urlne^  most  l>e  ac- 
curately determined  before  the  conclusion  can  be  considered 
as  absolutely  proved. 

Whilst  engaged  with  the  foregoing  researches,  it  occurred 
to  me  that  it  miirht  not  be  devoid  of  interest  to  the  physiologist 
to  know  the  amount  of  sui|)hur  which  was  secreted  by  the 
kitineys  in  an  unoxidized  state.  That  urine  does  contain  sul- 
|i!inr,  not  in  combiuution  as  sulphate,  is  evident  from  the  smell 
oi  sulphuretted  Jjydrogen  which,  mixed  with  that  of  ammonia, 
is  evolved  from  it  whilst  undergoing  spontaneous  decomposi- 
tion, also  from  the  blackening  which  white  lead  paint  soflers 
when  exposed  to  the  gases  arising  from  putrid  nrine^  and  like* 
wise  from  the  fact,  that  urine  lulowed  to  putre^  In  a  glass 
vessel  containing  oxide  of  lead  as  one  of  its  constituents,  per- 
manently blackens  the  glass.  To  set  the  fact  beyond  dottbt* 
two  portions  of  unne,  preirioosly  deprived  of  mucus  by  acetic 
^  Jmmtm  derCkm*  md  Piatm^  Ivii* 
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acid  and  filtratum,  each  coniisUng  of  four  fluid  ounoef»  ««ra 
meatarcd;  the  one  simply  e?aporated  and  burntj  the  other 
evaporated  and  afterwards  deflagrated  with  nitre.   Kach  por* 

tion  was  then  dissolved  in  dilute  nitric  acid,  Icaviii^  n  minute 
insoluble  residue,  and  the  su]|)tuiric  acid  precipitated  by 
chloride  ot  bnnum;  the  results  were  as  follows: — 

Four  fluid  oz.,  simply  incinerated,  gave  Four  fluU  oz.,  deflagrated  with 
gr*.  gr.  nilre,  gave  in  grains 

BaO  SOs  2*656«S03  0*902     BaO  SO3  6*697»S03  1*954 

sS     0*866.  obS  0*788 

The  quantity  of  sulphur  in  four  fluid  ouncea  not  excreted  in 
the  state  of  sulphate  was  therefore  0*41 7  grain*   To  ascertain 

the  quantity  ot  sulphur  excreted  by  the  urine  in  twenty*four 
hours  in  an  unoxidised  state,  the  whole  quantity  passed  by 
three  individuals  during  that  time  was  collecteil  on  different 
days  find  mensured ;  its  specific  gravity  was  taken,  and  after 
bt  irii>  liltei  ed  from  mucus,  two  })()rlions  of  each  specimen  were 
measured  in  a  specific-gravity  boiile  containing  1000  grain 
measures;  one  portion  was  simply  acidified  wiiii  uiiiic  acid, 
and  the  sulpliuiic  acid  precipitated  nitrate  of  baryles.  The 
other  portion  was  evaporated  with  nitre  and  deflagrated^  and 
the  fused  roase  treated  with  dilute  nitric  acid  and  nitrate  of 
barytes.  From  the  difference  in  the  quantities  of  sulphate  of 
barytas  obtained,  the  amount  of  sulphur  not  in  an  oxidised 
state  was  ascertained.  The  results  from  five  different  experi« 
ments  are  shown  by  the  following  table. 

Table,  showing  the  relative  proportions  of  sulphur  free  and 
combined  with  oxygen  excreted  by  the  kidneys  in  twenty- 
four  hours. 


QoMitify  of  Mtat  la  i4  bouM. 

,41*3  fluid* 
oanees. 

Ql-ftflaid. 

a4  fluid* 
Olmeca. 

43-Sflaid 

Specific  gnrity. 

I-OI  i. 

1019. 

1017. 

i-oid. 

la  IMfn. 

InlOOSn* 

In  100  gn. 

In  lOQgn* 

In  109  gn. 

Sulphateofbar^te^  from  the  1 
acid  exittiug  in  tbe  urine.  J 

Sulphate  of  oarytcs  prcci- 1 
pitated  after  oxidtttoa  of  > 

QuaaUty  of  unoxidtxed  sul- 1 

(H)17 

0O18 

0-414 
0'64a 

0-715 
IMM . 

(H)163 

0-M 
0-f07 

00166 

Free  sulphur  excreted  inl 

1  4-039 

3715 

4iM»8 

3*866 

3-247 

It  thus  appears  that  from  three  to  five  grauis  of  sulphur 
pMt  off  daily  by  the  urine  in  some  other  conbinataon  than  ai 
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tolpbmric  acid,  and  that  thes6  three  to  five  graioa  unount  to 
about  one^fourth  of  the  whole  qaanti^of  eolphar  eacretod  bjr 
the  kidneys.    With  a  view  to  ascertain  what  compound  con- 

tnined  this  sulphur  in  the  urine,  I  have  examined  the  preci- 
pitates  produced  in  urine  by  neutral  and  basic  acetate  of  lead, 
after  the  separation  of  the  sulphates  by  baryta,  and  find  that 
they  only  contain  traces  of  sulphur.  The  colouring  matter 
described  by  Scherer,  and  obtained  by  the  method  he  adopts, 
likewi-^c  contains  only  a  trace;  whereas  the  liquid  containing 
the  orea^  ^nerally  considered  free  from  all  other  otfguAb 
matter,  whidi  remains  on  the  separation  of  the  precipitate  by 
basic  acetate  of  lead,  contains  nearly  the  whole  of  this  exoeei 
of  Buljahnr,  but  how  combined  I  have  not  jret  been  able  to 
ascertain.  The  determination  of  this  qnestKNif  which  I  pro* 
pose  to  examine^  may  possibly  lead  to  some  interesting  facts, 
and  perhaps  throve'  some  light  upon  the  question  respecting 

the  formation  of  cystic  oxide. 

From  some  preliminary  experiments  made  for  the  purpose 
of  ascertaining  whcilier  phosphorus  was  contained  in  urine  in 
any  other  compound  than  as  phosphate,  the  following  results 
were  obtained. 

To  the  four  ounces  of  urine  employed  for  the  prelimhiafy 
determination  of  the  sulphuric  add  and  sulphur  in  the  former 
experiment,  after  the  precipitation  of  the  sulphuric  acid  by 
barytas,  some  more  nitrate  of  barytes  was  added  and  then  the 
whde  carefully  neutralised  with  ammonia.  The  following 
quantities  were  obtained 

Phosphate  ofbnrvtos  obtained  from  the       rhos[ihatc  of  barytes  obtained  from 
PO5  naturally  ( ontained  in  urine  was       urine  after  deflagration  with  nitre  was 

BaO  PO5  5-775  grains  BaO  TOs  6  532  grains 

=  POft  1-834  =PO«  2-074 

■Bp     0*805;  sP  0*910; 

showing  an  excess  of  phosphorus  over  that  contained  as  phos- 
phate  in  the  four  ounces  of  urine  to  be  0*105  grain. 

In  another  experiment,  in  which  the  same  portions  of  urine 
were  employed  as  at  the  fifUi  column  of  the  foregoing  tablet 
the  following  were  the  results:— 

FlMMpliateofbttTtwoUiliiedfromUiePOi  Phoipliate  of  buytet  obiafawd  from 
.natanl]]reQBtaiaeAialOiegn.of«riMi    1016  gn.  of  urine  after  dcii^rttiQa 

with  nitre. 

BaO  PC),  31 35  grains  BuO  PO5  5-SlS  grains 

sPO^  0  ^93  ssPOft  1*687 

«P     0-4S5.  =P  0*740 

Therefore  0*305  grain  of  phosphorus  was  contained  in  the 
1016  grains  of  urine  in  an  unoxidized  slate,  which,  calculated 
for  the  whole  amount  of  urine  named  ill  twenlj-foar  houn^ 
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would  amount  to  5'696  grains.  In  some  otlier  specimens  of 
urine  which  1  examined  there  was  iiowever  no  approach  to 
ihis  quantity  of  phosphorus  in  un  unoxidi/ed  state,  and  as 
the  mode  of  analysis  employed  in  the&e  preliminary  ex|)eri- 
nmtt  was  not  the  moit  aecaraU^  I  intend  to  make  ue  deter- 
mination of  the  quantity  of  pltosphonis  the  subject  of  further 
experiments. 

^  The  only  opportnniQr  I  have  had  of  examining  urine  in  a 
diieased  state,  was  a  portion  obtained  from  a  patient  suffering 
from  diabetes  mellitus.  As  might  have  been  anticipated  from 
tlie  charact*^r  of  (his  disease,  the  amount  of  sulphur  wliicli  ihe 
urine  containcci  in  an  nnoxidized  state,  was  considerably 
greater  (by  onr-fourth)  than  in  healtliy  urine. 

The  diabolic  urine  had  a  specific  j^ravity  of  1016. 

Of  this  unae  iO^ij  grains,  prii^cipiiaud  with  nilralt  of  ba- 
rytes,  gav^-* 

4*808  grains  sulphate  of  barytess  1*479  grain  SO^  sO-59S 

grain  S> 

After  the  precipitation  of  the  sulphuric  acid  by  baryta,  the 
nrine  was  evaporated  down  with  nitric  acid,  mixed  with  nitre 
and  deflagrated.  An  excess  of  nitrate  of  barytes  having  been 
used  to  precipitate  the  sulphuric  acid,  tlierc  remained  on 
treatiriL:  the  fused  mn^s  with  iHkite  iiin  ic  acid,  an  insoluble 
residue  of  sulphate  ot"  l):(ryfes,  the  sulphuric  acid  of  which  had 
been  denved  fro!n  the  uxkI  iiion  of  tJie  sulphur  by  the  nitre; 
tlje  sulphate  ol'  barytes  aniunnted  to 

1*837  grain  =0'629  grain  sulphuric  acid  =0*251  grain  8ul« 
phur,  or  0*024  per  cent^ 

vliilst  in  healthy  urine  the  snlphnr  in  this  state  never  exceeded 
0*018  per  cent 


XLII.  Note  on  a  Sjf$tem  ^  Jmaginanes,   By  A.  Caylby*. 

THE  octnple  svstem  of  imaginary  quantities,  i^^  i^, 
1^  ^  which  I  mentioned  in  a  former  paper,  (and  the  con- 
ditions (or  the  combination  of  which  are  contained  in  the 
symbols 

123,  2i6,  374,  145,  275,  365,  167, 
t*  e»  in  the  formulse 

with  corrmonding  formulie  for  the  other  triplets  j\,  ^  kc,) 
pcasesses  toe  ibUowing  property ;  namely,  if  fV,        be  any 

•  C'omniunicated  by  the  Author. 
PhiL  Mag,  6.  a.  Vol.  ^0,  No.  201.  A^ril  18*7.  T 
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tfafee  of  the  leven  qouitities  whieh  do  nU  ferm  *  tripk^tfMi 

U  I  ).f  =  — f  At  i  ), 

Thnsy  for  instanoe^ 

but  '3(''4'5)  =  '8'''l=y 

and  similarly  for  any  other  such  combination*  When  /  ,  / 

form  a  triplet*  the  two  products  are  eqnali  and  reduce  them- 
selves each  to  — 1»  or  each  to  + 1»  according  to  the  order  of 
the  three  quantities  forming  the  triplet   Hence  m  the  octopte 

system  in  question  iKither  the  commutative  nor  the  distribo* 
tive  law  holds,  which  is  a  still  wider  departure  from  the  lawa 
of  ordinary  algebra  than  that  whkh  is  presented  by  Sir  Woiu 

Hamilton's  quaternions. 

I  may  mtntion,  tliat  a  system  oF  coefhcientsi  which  I  have 
obtained  for  the  rectangular  traiisformalion  of  coordinates  i?i 
n  dimeiibionj*  (Crelle,  t.  Kxxii.  Sur  quelques  proprntes  des  i)t  - 
terminans  gatiches)^  docs  not  appear  to  be  at  all  connected  wiih 
any  system  of  imaginary  quantities>  though  coinciding  in  the 
case  of  fis35  with  Uioee  menti<med  in  my  paper  *^  On  Certain 
Results  relating  to  Qua(emions»"  PhiL  Mag.  Feb. 

68  CaamMiy  Limi%  Mafdi  f *  1M7. 


XLIII.  OH  Qw^Mirn. 

IN  consequence  of  the  discovei  y  by  Professor  Schonbein  of 
gun*ootton>  and  of  the  poBsibility  of  its  substitution  in 
many  cases  for  gunpowder,  I  have  been  induced  to  enter  into 

an  examination  of  the  mode  of  its  formation  and  of  its  svn- 

ft' 

theticnl  com])osition,  principally  wltli  a  view  of  ascertaining 
how  far  it  woukl  be  hkely  to  affect  an  important  branch  of 
trade — the  pnxhictioii  and  vahie  of  saltpetre  and  nitrate  of 
soda.  The  examination  was  not  commenced  with  the  view 
of  publishing  it,  but  suiue  of  the  facts  brought  to  light  ap* 

fear,ed  to  possess  sufficient  interest  to  lay  before  the  Society^. 
must  premise  that  the  experiments  relate  only  to  the  mi- 
cotton  prepared  by  the  process  recommended  by  Mr.  T.  TVy- 
lor.  Ciqual  measoies  of  nitric  acid  of  sp,  gr.  1*5099  ^nd  of 
sulphuric  acid  sp.  gr.  1*840,  were  mixed  together,  and  con^^ti- 
tuted  (No.  1)  the  acids  used  in  the^^c  experiments.  I  dried 
50  p-r^,  of  South  American  cotton  (from  La  Guayra)  over  a 
•  watei-bath,  and  foimd  the  cotton  gave  off  3*40  grs.  of  hyj-rn- 
metric  water.  The  U»  ()()  grs.  of  cotton  which  remained  atu  r 
drying,  I  steeped  in  48/^  gr«»  of  the  mixed  acids  No.  1  ;  Uie 

*  Cominuoicated  by  the  Cbsmical  Society;  having  beeu  read  Nov.  ^ 
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strong  acids  were  in  contact  with  the  cotton  about  two  mi- 
nutes, and  after  squceziiiji;  wrl!,  the  cotton  was  washed  in 
water  to  tree  it  from  the  acid :  tUe  quantity  of  water  used  wa* 
5000  grs. 

The  strong  acid  squeezed  out  of  the  cotton  weighed  113,t 
grs.  (No.  2),  leaving  374  grs.  of  acid  (No.  3)  to  be  accounted 
vatf  to  mike  up  the  oriciiial  ^nantiigr  wed.  The  cotton  that 
prepeved  was  perfectly  dried  in  the  air  oyer  a  water-bath^  and 
was  feand  to  w«ng^  being  an  increase  of  8S«40gn.  on 

the  cotton  used,  equal  to  an  increase  of  69(  gra,  upon  emy 
100  grs.  of  cotton  in  its  original  state. 

To  ascertain  whether  the  cotton  woukl  absorb  anything 
more,  I  steeped  25  grs.  of  the  above  cotton,  aller  it  had  been 
washed  and  dried,  in  fresh  acid  (No.  1),  but  no  increase  of 
weight  took  place.  I  also  steeped  a  fresh  portion  of  cotton  for 
three  minutes  in  the  same  quantity  of  fresli  acid  (No.  1);  it 
we^;hed  after  waihing  and  dicing  7S  ^rs. ;  a  thurd  portion 
waa  eteeped  ftr  fimr  mtnutea  in  one-third  more  acid  than  in 
the  prevKma  experimentSy  it  weighed  after  washing  79  grs.} 
ao  that  it  appeared  that  the  cotton  had  taken  up  ita  maximmn 
from  the  acid  by  the  first  immersion. 

As  these  32*40  grs.  incren-'f  of  weight  were  clenrlv  derived 
from  the  487^  grs.  of  the  mixed  acic!-^,  I  made  the  following 
experiments  to  ascertain  what  alteration  the  acids  had  under- 
gone. 

I  iieutraUzed  100  grs.  by  weight  of  the  original  acid  (No.  1) 
carbonate  of  soda,  and  found  that  it  required  52*80  grs.  of 
aoda  for  that  purpose.  I  found  likewise  that  to  neutralize 
the  grs.  of  etrong  acid  (No.  2)  separated  from  the  cotton, 
required  58*52  gTB.  of  Soda>  and  that  the  remaining  $7^  ^rs. 
of  acid  to  be  accounted  for,  contained  in  the  washings,  required 
I70'30grs.  of  soda  for  neutralization,  making  togctlier  228*82 
grs.  of  soda  required  to  neutralize  the  48 7A  grs.  of  acids  No. 
2  and  3.  used  for  acting  upon  the  cotton;  therefore,  if  100 
grs.  of  the  original  mixed  acids  (No.  1)  required  .52*80 grs.  of 
soda  as  above  for  neutrahzation,  487i  grs.  uould  require  (if 
not  acted  upon  by  the  cotton)  257*36  of  soda;  it  how- 
em  only  required  229*82  gia.  aa  above^  The  dilference^  2S'54 
§!■*  of  aoda,  ia  therefore  equal  to  the  acid  which  dtaappeared, 
or  was  taken  up  by  the  immersion  of  46*60  grs.  of  cotton  in 
the  mixed  acids.  To  aeoertain  whether  a  portion  of  each  of 
iiie  mixed  acids,  or  only  one  of  them,  was  taken  up  by  the 
cotton,  I  nfUlrd  to  the  «?olntion  of  the  1(X)  grs.  of  mixed  acids 
(No.  1)  (neutralized  by  tiie  soda)  chloride  of  barium,  and  ob- 
tained a  precipitate  weighing  120  grs.  of  sulphate  of  barvtes. 
I  ak0|  in  the  same  manner,  precipitated  from  the  solutioa 
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No.  2,  165*40  grs.  of  sulphate  of  barytes,  and  from  No.  3,  of 
grs.,  4  49*3()  grs.  of  sulphate  of  barytes,  making  togethiir 
614*70  ^rs. :  therefore,  if  100  grs.  of  the  original  acids  (No.  1) 
give  12fi  grs.  of  sulphate  of  hrirytcs,  487^  grs.  wouiJ  give 
614*25  grs.;  they  gave,  a.->  ;l1)()V{',  (iH'/Ogrs.,  showing  that 
no  portion  of  the  sulphuric  acid,  was  withdrawn^  but  that  it 
IMS  a  portioii  of  the  ingredients  of  the  nitrio  acid  alone  that 
combined  with  the  cotton. 

The  quantity  of  eoda  neutraltsed  by  the  acids  (Nos.  2  and  S) 
was^  as  just  stated,  28*54  grs. ;  therefore^  if  32  grs.  of  soda 
neutralize  54  grs«  of  nitric  acid,  28*54  grs.  of  soda  will  give 
48  grs.  of  nitric  acid,  the  quantity  of  askL  which  disappeared, 
or  wns  taken  up  by  the  cotton. 

From  wliat  took  place,  the  following  may  be  deduced  as 
its  synthetical  composition: — 48  grs.  of  dry  nitric  acid,  con- 
taining 35'G()  grs.  of  oxygen,  were  decomposed  by  the  4f)*fiO 
grs.  of  cotton,  and  J2'40  grs.  were  added  to  the  wei^^hl  of  the 

cotton.  It  la  probable  tlmt  the  nixed  adds  combined' with  a 
portbn  of  the  constituent  water  of  the  cotton,  which  was 
ze|ftlaced  hj  oxygen  and  nitrogen^  in  the  proportions  of  nitric 
aeidy  as  there  was  no  appearance  of  the  erolntion  of  either 
nitrogen  or  oxygen  in  the  formation  of  the  ganHX>tton« 
Its  synthetical  composition  would  stand  wus 

46*60  grs.  of  cotton  deprived  of 
15*60  water,  give 

.5 1-00  cotton  without  constitutional  water,  combined  with 
48-00  oxygen  and  nitrogen  derived  from  the  mixed  addsy 
79*00  the  weight  of  gun-cotton  produced,  equal  to 
39*25  parts  cotton, 

60*75  ...    oxygen  and  nitrogen  (nitric  add) 
in  100*00  parts. 

From  the«e  experiments  we  arrive  at  the  following  conclu- 
sions regarding  the  formation  of  this  substance:— That  it 
requires  48  grs.  of  nitric  acid,  or  its  equivalent  90*C(>  grs.  of 
saltpetre,  to  fonn  7'-^  J?rs.  of  gun-cotton,  it  will  require  60*75 
crs.  oi  nitric  acid,  or  its  equivalent  1 14*76  grs.  of  saltpetre,  to 
form  100  grs.  of  gun-cotton ;  and  according  to  ihe  same  culcii- 
latton^  it  will  require  97*76  grs.  of  nitrate  of  soda  for  the  same 
purpose. 

Taking  into  consideration  the  original  cost  of  the  cotton, 
the  expensive  manipulation  of  the  conversion  of  the  nitre  into 
nitric  acid,  and  the  additional  weight  of  nitre  required  to 
produce  the  same  weight  of  gun-cotton,  it  is  evident  that  the 

latter  substance  must  be  more  expensive  than  gunpowder, 
taking  weight  lor  weight  of  each.   How  far,  however,  gua- 
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cotton  may  exceed  gunpowder  in  its  explosive  force  still  re« 
mains  to  be  ascertained,  and  this  of  course  forms  an  important 
element  in  the  calculation.  Other  processes  may  be  already 
known,  or  may  be  hereafter  discovered,  calculated  to  reduce 
the  expenses  ot*  the  formation  of  the  so-called  gnn-cotton, 
but  it  must  be  still  borne  in  mind  that  an  enormous  quantity 
of  oxygen,  amounting  to  43  parts  in  every  100  parts  of  gun- 
coUou  produced,  most  be  obtained  from  some  extraneous 
source  tor  eombinatioii. 

Many  other  vegetable  fibres  may  be  substituted  for  cotton ; 
but  as  far  as  a  few  experiments  which  I  have  made,  it  appeals 
they  do  not  possess  tne  explosive  force  of  cotton.  In  a  trial 
upon  flax,  I  found  that  50  errs,  increased  in  weight  to  72  grs. ; 
the  explosive  force  was  feeble  ;  this  was  the  case  with  savrdnst 
similarly  prepared;  but  it.  Is  possible  that  this  latter  form  of 
impure  lignin  may  eventually  be  of  more  importance  than  it 
appears  at  present. 

Fifty  grains  of  deal  sawdust  dried  at  212^  were  first  washed 
with  dilute  muriatic  acid  and  then  with  dilute  caustic  alkali; 
they  were  found  to  have  lost  6  grs.  after  washing  and  again 
dr^mg*  The  44  grs.  remaining  were  steeped  in  the  mixed 
adds  for  about  five  minutes,  then  washed  and  diied ;  they 
increased  to  5'^'7  grs.  Tlie  acids  were  examined  by  carbonate 
of  soda  in  the  manner  before  detailed,  the  sawdust  was  found 
to  have  neutralized  22'00  grs.  of  soda,  equal  to  38  ()5  parts 
of  nitric  acid,  or  (jti  GG  of  nitric  acid  for  every  100  |)arts  of 
gun- saw  dust.  This  guu-sawdust  Hashed  off  readily,  but  with 
fess  rapidity  than  gun-cotton,  leaving  a  small  carbonaceous 
residue*  ^ 

The  diflerence  in  quantity  of  nitric  acid  taken  up  by  the 
sawdust  and  the  cotton  is  no  doubt  owing  to  the  former  being 
a  much  more  impure  form  of  lignin  than  the  latter. 


XLIV.  Third  Memoir  on  Induction* 
l^Prof.  Elie  Wartmann*. 

[With  a  Plate  ] 

VIII.  Does  dcctro-magnetic  induction  affect  luminous  radia- 
tions otherwise  thau  by  causitig  their  plane  of  polarizatiott 

to  rotate'^ 

80.  Faraday  has  recently  stated  that  a  rotation  is 

-i-'A  impressed  on  the  plane  of  polarization  of  luminous 

*  Coromunicntcd  by  the  Author,  having  been  rend  J^efore  the  Vandois 
Society  of  Natural  Sciences  on  tlie  20th  of  .May  1846  (i»ee  JJuiietvis,  loui.  ii. 
pp.  58, 61 , 70,  75  and  98).  It  is  a  sequel  to  those  which  htve  been  publiihed 
in  the  Phil.  Mag.  vol.  xxv.  p,  '2iM',,  and  vol.  xxvii.  p.  fi47>ai»cl  ID  tbe^fcAlMt 
ds  i*J£leciricHi,  tome  iv.p.  ^4,  aod  tome  v.  p,  440. 
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rays  transmitted  by  vnrious  merlia,  when  these  are  the  seat  of 
a  sufficient  elcctro-mognetic  induction*.  I  liave  sliown  thai 
polarized  calorific  radiations  are  aiFected  ni  a  manner  entirely 
sunilnrf.  Are  these  efiects  limited  to  the  cases  in  which  they 
have  been  detected  ?  Would  not  the  action  of  the  magnet 
upon  fluids, or  rather  on  diaphanous  and  diathermanout  bodies, 
be  capable  of  impressing  on  light  and  caloric  other  modifi- 
cations hitherto  unpercetved?  The  mere  statement  of  these 

Questions  is  enough  to  indicate  an  unlimited  field  of  research, 
shall  content  myself  with  describing  the  experiments  which 
I  linve  ninde  upon  the  rays  of  ihe  spectrum,  which  mnv  be 
studied  by  processes  capable  oi  accui  ate  admeasurement,  and 
whose  theory  is  intimately  connecled  with  that  of  li^ht. 

81.  I  long  ago  observed  that  the  production  of  the  rays, 
their  direction,  number  and  distribution,  are  not  afiected  by 
the  pre&ence  of  a  magnet  in  contact  with  the  prism.  I  re- 
peated these  experiments,  inducting  magnetism  in  Yarious 
media  through  which  the  luminous  bundle  had  to  pass, 

82.  My  prism,  of  the  finest  flint  j?lass,  was  made  by  Fraun* 
hofer ;  its  angle  of  refraction  is  45  V  20". 

8a.  The  diaphanous  bodies  submitted  to  induction  were 
the  followinfr: — Among  the  gases,  air  nnd  nitrous  arid,  dry 
and  moist:  tliese  were  inclosed  in  a  glass  tul)e  0  ""IhO  long 
and  0™*008  in  diameter.  Lastly,  amonij  solids,  a  hptcimcn  of 
very  pure  flint  glass  was  selected,  in  the  form  of  a  square 
prism  0°»'170  long  and  0^*0195  the  side. 

84.  The  rays  were  observed  in  a  dark  chamber  with  an 
opening  in  the  shutter  of  six  metres,  with  an  excellent  comet- 
seeker  by  Cauchotr.  This  instrument  has  a  reduced  opening 
of  0">'0d9  and  0"*66  focal  distance :  it  waa  used  with  a  mag* 
nifying  power  of  seven  times. 

85.  The  light  sent  horizontally  by  a  heliostate  with  a  sil- 
vered or  black  mirror,  or  from  a  Ininpj  was  polarized  more  or 
less  completely  by  reliexion  or  bv  its  passage  through  a  JNicoi's 
prism.  A  second  similar  prism  served  as  analyser. 

8G.  The  electro-magnet  is  lurmed  ol  a  horseshoe  of  very 
soft  iron,  weighing  12^^'5,  around  which  is  wound  a  welK 
unnealed  copper  wire  of  0*^*003  diameter  and  70"^*8  long. 

*  philosophical  Traii&actioiu,  184o,  and  Phil.  Mag*  vol.  xxviii.  p.SQ4,  &c. 
t  VlnttUut  of  May  6.  184G,  No.  644.   M.  Riibtkikorir  has  recently 
repeated  my  experiments.    lie  polarizes  and  analyses  heat  with  Nicol's 

pnsrfts  of  large  sl^^e.  The  induction  is  obtained  by  mentis  of  one  of  those 
double  helices,  destined  to  reproduce  the  phaenomena  discovered  by  Mr. 
Fftraday,  end  on  which  M.  Biot  hu  reed  a  wwry  favounhle  report  to  the 
Institute.  According  as  the  niagnetiim  is  engendered  in  this  |)o\vcrriiI 
apparatus,  or  the  voltaic  circuit  is  broken,  the  deviation  of  the  rheometric 
needle  varies  several  degrees.  (October  J.) 
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This  apparatus  easily  raises  312  kil. :  it  wns  si  t  in  action  with 
a  Bunsen's  battery  orfrom  twenty  to  forty  pairs.  Moicover, 
its  euorgy  was  augmented,  according  to  circumstances,  by  lay- 
ing on  the  poles  the  great  helix  (S),  the  three  wires  of  which 
were  connected  by  their  ends,  or  a  tube  of  soft  iron  containing 
the  transparent  media  to  be  induced ;  sometimes  even  the  enve* 
lope  of  iron  with  the  diaphanous  body  were  placed  in  the  hol« 
low  of  the  helix* 

87.  Whatever  may  have  been  tlie  degree  of  polarizatiuo  of 
the  luminous  bundles  and  the  intensity  of  the  nmufnetic  forces 
developed,  t/ie  raijs  of  the  spectrum  produced  by  liie  rays  of 
the  sun  or  from  an  artificial  source  presented  no  ajipreciabic 
chanfTc.  Their  number  and  their  distance,  varyinj^  with  the 
nature  of  the  light  and  with  that  of  the  prisms,  were  not  mo- 
dified by  the  new  molecukr  arrangement  produced  by  induc- 
tion* 

{  IX.  Has  statical  vr  dynamical  itiducUon  ani^  influence  on 

chemical  affinities  ? 

88.  Chemical  aflTuiities  are  intimately  connected  with  the 
electric  forces.  The  problem  of  their  retipi  ocal  depcntlence 
has  not  vet  been  solved^  because  this  problem  has  not  been 
regardedf  in  all  its  bearings.  Admitting,  with  most  physicists, 
that  the  magnetic  influence  is  felt  in  imponderable  fluids  in  a 
mediate  manner,  by  a  disturbance  or  by  a  new  and  forced 
equilibrium  in  the  constitution  of  the  medium  traversed  by 
these  fluids,  it  becomes  highly  interesting  to  examine  whether 
this  disturbance  interferes  wirji  tlie  forces  of  affinity,  whether 
it  can  increase  or  diminisii  them.  The  following  e;Kperimeats 
were  directed  to  this  object. 

89.  Between  the  arms  of  the  electro-magnet  (86)  was  ar- 
ranged a  voltameter  with  lamina  of  platina,  in  which  some 
acidulated  water  was  electrolysed.  The  voltaic  cu rren t  cou  1  d, 
at  will  and  by  a  very  simple  arrangement,  thus  bring  the  mag- 
net into  action  and  develope  a  north  or  south  pole  at  either  of 
its  extremities.  The  product  of  decomposition  in  a  given  time 
was  estimated  by  the  hydro^'cn  always  collected  on  the  same 
electrode.  Now,  whatever  the  direction  and  intensity  of  the 
magnetism  engendered,  as  well  ns  the  position  of  the  volta- 
meter within  or  without  tiie  polar  arms,  the  volume  of  the 
gas  remained  the  same*. 

90.  The  same  was  the  case  also  wlien  the  electro-niafrnct 
was  replaced  by  the  large  helix  (a),  in  Liie  lioUow  of  which 
the  voltameter  was  placed. 

•  f  have  been  intormed  by  Prof,  Grove  that  similar  experiments,  still 
unpublnhoil,  hsilled  him  to  the  iime  reiult.  (October  1, 1846.) 
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91.  To  meet  the  objection  that  the  influence  of  the  magnet 
16  not  ^uiiicieatly  felt  on  the  lamina  of  platina,  I  constructed 
two  new  voltameten  (Plate  V.  figs.  1  and  2)  In  which  the 
electrodes  are  prisms  of  soft  iron,  gilded  by  the  galvanic  pro- 
cesSf  and  which  I  magnetize  by  placing  them  upon  the  polar 
surfaces  of  the  large  magnet  (86),  covered  with  a  very  thin 
isolating  leaf  of  mica.  In  one  of  these  apparatus,  the  prisms 
are  0™*030  in  breailth.  Repeated  experiments,  ni !uk»  with 
batteries  of  variable  force,  sometimes  collectini^'  the  two  erases, 
sometimes  the  hydrogen  alone,  and  deconipoiim';  uciduiated 
or  alkaline  wuier,  luive  invariably  led  to  ihe  same  results.  ■ 

92.  But,  it  will  be  said,  the  electric  current  which  imparts  to 
the  magnet  its  power,  is  an  uninterrupted  current  and  incapable 
of  exerting  nny  action  upon  the  electrolyte  which  is  not  in  its 
circuit,  fi)  order  to  remove  this  difficulty,  I  substituted elec* 
tricity  of  tension  for  that  of  the  current.  A  fourth  voltameter 
(fig,  3)  was  constructed  so  as  to  ensure  the  most  perfect  isola- 
tion between  its  poles.  Behind  these,  against  the  sides  of  the 
glass  vessel,  I  fixed  two  platina  laniinuL',  one-liulf  of  which  was 
immersed  vertically  O'^'OS  in  the  licjuid  to  be  decomposed, 
wbilaL  the  ether  was  contiuucLl  outside  in  u  horizontal  band 
terminated  by  a  ball.  A  thick  coatini^  of  wax  on  the  exte- 
rior of  the  voltameter  prevented  all  electric  communication 
between  these  laminae^  except  throush  the  liquid.  The  hydro- 
gen produced  in  the  unit  of  time  by  the  electrolysis  of  the 
acidulated  water  was  measured  carefully.  The  quantity  of 
gas  did  not  vary  when  one  of  tlje  laminae  of  platina  was  placed 
in  relation  with  the  conductor  of  a  powerful  elect ricnl  machine 
(with  a  plale  three  metres  in  circumference),  the  oilier  laiunia 
communicating  with  the  ground  ;  or  w  hen  these  luinina*  were 
employed  to  connect  the  ai  iiiaiuieb  of  a  battery  oi  liucc 
large  Leyden  jars,  kept  constantly  char;p;ed.  The  direction  of 
the  analysing  current  was  changed  without  the  effect  being 
modified. 

93.  We  may  conclude  from  the  preceding  experiments,  that 
statical  or  d^uamical  induction  has  no  infitence  upon  the  chO' 
meat  actions  engendered  by  electriciitf. 

$  X«  Are  magnets  capable  of  producing  chemical  action  ? 

94.  The  subject  which  I  have  alluded  to  in  the  preceding 
paragraph  is  so  intimately  connected  with  the  controverted 
question  of  the  chemical  actions  produced  by  magnets  and  by 
terrestrial  magnetism,  that  I  deemed  it  necessary  to  devote  to  it 
some  special  experiments.  Most  observers  who  have  studied  it 
have  used  only  magnets  of  small  power.  I  Imve  employed 
electro-magnets  of  great  energy,  which  were  at  my  disposal^  to 
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repMt  their  reaearchesy  being  persuaded  that  a  very  intense 
force  must  ]>r<Kluce  corresponding  decisive  nnd  considerable 
effects.  Other  circumstances  have  thrown  doubt  on  the  con- 
t]ii>ions  mentioned  by  those  authors;  account  has  not  been 
taken  of  the  relations  between  the  surfaces  whicii  were  the 
seat  of  the  action  to  be  measured,  nor  of  the  (hlferences  of 
leinperauii  t  ,  ot  tlensity,  and  of  composition  oi  the  liquids  em- 
ployed, i  have  endeavoured  to  guard  against  these  causes  of 
error,  end  to  obtein  conclusive  results  by  means  of  numerous 
trials  of  sufficient  duration. 

95*  I  procured  cylinders  of  soft  iron,  taken  from  the  same 
bar,  and  about  0^*087  in  height  nnd  0°>'02  in  breadth.  Four 
tumblers  were  so  arranged  that  the  plane  of  their  axes  co- 
incided with  that  of  the  magnetic  meridian  and  four  others 
arranged  in  a  perpendicular  direction.  After  having  poured 
into  each  (iftlu  tn  a  solution  of  sulphate  of  cojiper  in  layers  of 
ef|ual  depth,  an  iron  cylinder  was  placed  in  the  centre;  and 
the  pole  of  an  iron  horseshoe  magnet  was  then  tet  on  the 
upper  unsubmerged  face.  The  four  magnets,  the  strongest  of 
wliich  carrieil  about  forty  kilogrms,  were  distributed,  one  N.S., 
the  second  S.N.,  the  third  E.W.,  and  the  fourth  W.E.,  with 
relation  to  the  north  pole  of  the  terrestrial  magnetism ;  they 
were  separated,  so  as  not  to  exert  an^  reciprocal  influence. 
At  the  end  of  fifteen  hours  the  deposits  of  copper  on  each 
cylinder  presented  everywhere  the  same  appearance  and  the 
same  consistence.  The  balance  proved  that  they  were  alt 
nearly  of  an  equal  weight;  the  slight  differences  found,  which 
scarcely  attained  to  one-  or  two  tlioti^aiidths  of  the  total  quan- 
tity of  copper  reduced,  arc  cxplanu  d  by  the  inequality  of 
development  and  cleanness  of  the  suiiaces  of  the  eight  cylin- 
ders. The  experiment  was  repeated  a  great  number  oi  Limes 
with  solutions  of  copper  more  or  less  pure,  and  mure  or  less 
concentratedi  without  the  general  result  varying. 

9^  I  will  further  cite  the  following  experiment,  which  led 
to  the  same  conclusions.  Twelve  iron  flinders  were  distri- 
buted in  pairs,  in  six  distinct  vessels  containing  a  solution  of 
iron-alum  as  neutral  as  possible.  The  pairs  of  cylinders  of 
the  second,  third,  fourth  and  fifth  vessels,  were  placed  in  con- 
tact with  the  poles  of  four  electro-magnets,  the  first  of  which 
has  been  already  described  (86) ;  the  second  is  capable  of  car- 
rying sixty  kilogrms  ;  the  third  at  least  forty,  and  the  last  more 
than  280.  They  were  in  other  respects  arranged  as  in  the 
cases  before  described  (95),  and  their  poles  were  covered  with  a 
plate  of  mica.  Lastly,  the  current  of  a  battery  of  forty  Bunsen's 
pairs  was  passed,  so  as  to  decom))ose  the  liquid  by  passing 
across  the  interval  between  each  couple  of  cyliadci:},  at  liic 
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flame  time  fletiing  the  electro-magnet  in  actioii«   The  current 

went  from  north  to  south  between  tho  non -magnetized  cylin- 
ders of  the  first  vessf'l ;  tlien  from  norlli  to  !soiith  ! between 
those  ot  the  second  vessel  and  tlie  axis  o\  ihe  cloctr()-inat!;net; 
then  from  west  to  east  and  from  east  to  west,  tlirougli  the 
liquid  and  the  axes  oi  tiie  magnets  ui  the  thu  d  and  lounii 

vefsels ;  then  from  eouth  to  north  between  the  cjrlinderf  and 
in  the  axis  of  the  magnet  of  the  fifth  \  lastly,  from  south  to 
north  in  the  laat  vesaeT  between  its  cylinders  remoTed  from  all 
magnetic  atmosphere.  Weighings  made  with  veiy  delicate 
balances  showed  that  the  deposits  of  oxide  of  iron  on  the  ne- 
gative cylinders  were  not  at  nil  affected  by  the  magnetism. 
The  nitan  weiglit  of  tiiese  deposits,  estimated,  after  having 
heated  tliem  to  above  212°  F.,  was  1"3  granmie. 

97.  Those  authors  who  liave  treated  of  the  question  of  the 
inBuence  of  magnets,  have  often  confounded  the  part  wltich 
they  nay  play  in  chemical  actions  with  that  which  they  exer- 
cise in  phsenomena  of  molecular  arrangements  and  of  ciprstal- 
lisation.  I  think  I  have  proved  that  Sieir  part  Is  nnll  m  the 
first  case^  but  I  do  not  deny  its  existence  in  the  second.  Every 
new  arrangement  in  the  particles  of  a  body  must  be  influenced 
by  the  magnet  if  it  is  accompanied  by  a  disengagement  of 
dynamic  electricity,  n  more  frequent  circumstance  perhaps 
than  is  generaJly  sl![)})()^ed*. 

98.  My  expel  iments,  wiiich  are  new  in  their  arrangement 
and  the  power  of  the  magnets  employed^  invalidate  therefore 
the  opinion  of  Von  Amim  ft  h  W.  Ritter  },  Ludieke},  Maseh- 

*  A  reservation  mu^t  however  be  made  for  the  modifications  of  raole* 
cular  equinbriom  which  the  changei  of  condition  occasion.  Thus  the 
fusion  of  solids  and  the  snlidificatkni  of  liquids  do  not  liberate  more  else> 
tricity  than  the  efaporation  of  pure  water  or  the  liquefaction  of  vapours 
chemically  neutral.  Any  one  may  convince  himself  of  this  bv  placing  in 
a  horisontal  glaM  tabe  a  leaden  cylinder,  the  extremitiet  of  wfafen  are  con- 
nected with  those  of  a  good  rheomctcr,  and  by  eifccting  the  fusion  of  the 
metnl  or  if>^  «-n1idification  by  a  requisite  clc^ntion  or  lo^vrring  of  teniprrn- 
ture.  Another  oxperiment  con&i«U  iu  tiUing  a  plauna  crucible  with  melted 
wax,  in  which  is  suspended  a  great  quantity  of  plumbago.  In  the  aiidtt 
of  this  conducting  mass  is  immersed  a  platmum  rod,  isolated  in  its  cetitre 
by  n  covering  of  glass,  and  the  lower  extremity  of  which  is  naked  only  for 
an  extremely  small  length.  The  rheometric  wire  communicating  on  the 
one  part  with  the  crucible,  and  on  the  other  with  the  projecting  head  of 
the  rod,  tii('  wax  may  be  melted  or  be  allowed  to  ooogsal  without  any  cur- 
rent resulting. 

y  t  Ideen  m  eher  Thewtkdet  MagwHmm*   Oilb.  Asm*^  toaie  Si*  p.  59  j 

tome  V.  p.  394,  and  tome  viil.  p.  270. 

»Jt  Beitriige  rr.'  r'rifierer  KenntntM  de$  GalvanismuM,  tome  if.  p.  55. 

^  Gilb.  ^nn.,  tonie  ix.  p.  37^*  This  observer  for  the  rest  has  since  roain- 
Udned  an  opposite  opiolon*  See  GilK  Awm^ttomxljf,  117* 
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mann*,  Hansteenf,  Scliweigger];,  Dobereiner§,  Muller||, 
Kastner%  Fresnel**,  Murray  tt>  Archbishop  Rendu the 
Abbe  Zftiitcdesclii  Ampere  ||||,  nnd  of  Mr.  Hiiut*'*^,  who 
have  all  asserietl  that  magnets  possess  a  clieniiral  powur.  They 
agree,  on  the  contrrtry,  with  the  results  published  by  iSiein- 
hauser***,  Ermaattt*  Dulk:^||,  Wet7-lar§H»  Otto-Linn^ 
Erdmann|j||||,  Berzeliusf  the  Marquis  Uidoiii****,  and 
th«  ChevaJier  NobiUfttf. 

Ann.  de  CXetde  Pfyt*,  tome  zzmt.  p.  t01«  v  t  Ibid.  p.  909, 

t  Jahrh'ilchcry  tome  viv.  yt.  84  lbi<l» 

I     Kaiitner*»  Archiv,  tome  vi.  p.  448. 
'  *'*  yliin.  dc  Ch.  et  de  Phut.,  tome  x?.  p.  219. 

f  t  I'hil.  Mai,'.  Nov  Ub  coiiclu»k>ns  are  opposed  to  tbote  vf 

Maschmann  aod  lianstcen. 
XX  Am.  Ch.  et  Pkvi.^  tome  xnvBt.  p.  IM. 

Blbtiotheca  Itm'tana,  A[)nl  1829.  The  author  appears  to  have  aban* 
.  \  doncd  his  first  viovv« ;  he  dots  not  cite  hts  own  experiments,  and  does  not 
even  mention  tiic  ciiemical  power  of  ma^jncts  in  his  Tratlato  del  Mague- 
iUmo^detta  KteUriM.  Venice.  1845. 

•  Iff  Becquerel,  Trail*- de  r Eleclru  itc,tomc},  p  .'N  i.  It  is  to  be  rrmar!  r<l 
thut  t»cvcrul  special  treatises  pa»i  wholly  in  iilcnce  thii»  •supposed  property 
of  magnetic  bodies.  Such  are  the  Treatises  on  Electricity,  Magneti^n,  ike. 
by  Dr.  Roget,  in  the  Library  of  Useful  Knowledge,  the  Manual  of  Hleetricity 
and  Mn^nctisin  in  Lardncr  s  CnVnnet  (^yrlopa-ilia,  X  c. 
vj^  i'hil.  Mag.,  Jan.  1846.  For  more  details  see  Researches  on  the  Iniiu- 
eaee  of  Hagnetiim  end  Voltilc  Bleotridtj  on  CryttelHntion  and  other 
ConditioQi  of  Matter,  in  the  Memoirs  of  the  Geological  Survey  of  Great 
Britjiin,  vol.  i.  London,  ]s4().  Mr.  Hunt  himself  instances  n  contradiction 
between  the  various  results  he  hu|  obtained  with  iron  wires  supported  by 
the  poles  of  a  magnet  nnd  submitted  to  a  ehemleal  action.  He  llnds  that 
in  a  solution  of  crystals  of  siilpbute  of  capper,  the  copper  is  reduced  in 
grratcr  ahsindance  around  the  north  pole,  whilst  in  the  nciduintc!  water 
tlie  volume  ot  hydrogen  liberated  ii»  always  more  considerable  at  the  south 
pole.  Von  Arnim,  at  the  end  of  the  last  century,  asserted  that  the  north 
pole  of  n  mn^net  h  oxif^ij'Ci!  mori?  in  s\rttrr  Th:ui  the  south  pole.  Rittcr 
subsequently  maintained  the  opposite  opinion;  but  notwithstanding  his 
promise,  he  never  published  the  sequel  of  bb  researches^  from  which  we 
may  infer  that  he  discovered  hbervor,  and.the  equal  indtffiirenceof  the  two , 
Qltremities  of  a  magnet.  * 

***  Steinhauser  of  Ualle  employed  a  very  powerful  magnetic  apparatus. 
Gilb^  Anm.t  tome  ahr.p.  IS8. 

ftt  Gilb.  >tfiM.,tomexxvi.  p.  139. 

Ill  Dulk  e.<cpenmented  nt  Kunigsberg  with  a  magnet  which  supported 
twenty-five  pounds.   Kastn.  .<4rcAii;,tooie  vi.  p.  457. 
§  §  §  Schweigg.  Jakrb,t  tome  Ivi.  p.  118. 

f  ]'|  Erdmann  of  Leipsij;  has  submitted  to  a  scrupulous  examination  all 
the  researches  mjKlc  1  y  hi-;  predecessors.  Hi-*  work  irtfiv  he  ntrd  as  e 
model  of  patience  mni  uccumcy,    Schweigg.  JaJtrd.,  tuuie  ivi.  p.  :id4, 

%%%  Jt^retbeticht,  No.  x.p.  43. 

••••  Antohgia  di  Fircnzc,  Xo.  xix.  1822. 

tttt  Mtmoiie  ed  kirumenti,  tome  i.  p.  301. 
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$  XL  On  a  new  insiance  of  elecirtMnagnetie  rotatimu 

99.  I  itave  bad  occasion  to  observe,  in  the  preceding  expe- 
riments, a  pbaenomenon  of  rotation  which  merits  to  be  noticed, 
not  only  as  a  new  confirmation  of  the  theory  of  Ampere,  but 
also  on  account  of  the  relations  which  it  may  have  with  the 
lads  which  will  be  stated  in  the  following  paragraph. 

100.  If,  after  having  caused  two  soft  iron  cylinders  to  adhere 
to  the  poles  of  a  horseshoe  magnet,  tiresc  cylinders  are  im- 
mersed in  a  solution  of  sulphate  oft  o]  per  contained  in  a  vessel 
of  an}'^  form  and  })rotecLtcl  lioiii  vihi  ation,  we  perceive,  at  the 
end  of  a  few  minutes,  when  tiie  deposit  of  rechiced  copper  is 

^  i  alreiuly  tjuite  visible,  a  double  current  establiahed  m  die  mass 
'  -  of  the  liquid.  This  current  often  affects  much  more  the  lower 
than  the  upper  molecules ;  sometimes,  according  to  the  den. 
sity  of  the  fluid  and  the  state  of  its  surfaces,  it  is  only  established 
in  its  interior*  In  order  to  be  able  to  examine  it  well,  the 
liquid  mass  must  be  illuminated,  either  directly  or  by  means 
of  jnirrors  or  refractors.  A  convenient  arrangement  consists 
in  })lacing  this  mass  in  a  <^lnss  vessel  with  smooth  sides,  and 
illuminating  it  in  tiie  dark  chamber  by  a  bundle  ot  solar  light. 
The  tint  of  this  bundle  may  be  varied  from  red  to  violet,  by 
interposing  in  its  course  coloured  media,  or  by  refracting  it  by 
a  prism,  without  the  phenomenon  t)eing  modified.  The 
movement  is  rendered  perceptible  from  the  displacement  of 
the  particles  suspended  in  the  liquid  ;  if  the  latter  is  perfectly 
limpid,  it  is  not  observed.  It  is  easily  produced  by  employing 
8  concentrated  solution  of  sulphate  of  copper,  from  which 
some  small  particles  of  oxide  have  been  precipitated  by  a  few 
drops  of  potassa;  these  particles  remain  in  suspension.  This 
current  ceases  at  the  end  of  a  longer  or  shorter  time^  wjih  ihn 
chemical  action  which  gives  rise  to  when  the  quantities  of 
copper  deposited  and  ol  iron  dissolved  have  reached  a  certain 
relation.  It  does  not  occur  hi  solutions  of  suhacetate  of  lead^ 
«  of  iron»alum,  of  triple  s  u  1  phate  of  copper,  zinc  and  iron,  what* 
ever  pains  are  taken  to  establish  in  their  interior  precipitates 
of  oxide,  or  to  add  to  them  light  powders.  Sometimes  it  lasta 
for  more  than  two  hours.  Pure  water,  rendered  slightly  opa« 
line  by  particles  of  oxide  of  copper,  presents  no  movement. 

101.  The  current  is  never  produced  except  under  the  influ- 
ence of  the  magnet.  8oitiron  cylinders  immersed  in  sulphate 
of  copper  are  of  themselves  incapable  of  producing  it;  they 
only  acquire  this  power  when  magnetism  is  induced  in  them. 
If  an  electro-magnet  be  employed,  the  rotation  varies  with  the 
direction  of  the  electric  current  It  takes  place  circularly  or 
dliptically  around  each  magnetic  pole^  and  is  directed  like  the 
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current  of  Ampere.  It  goes  therefore  from  north  to  south 
by  the  west  around  the  north  pole,  or  that  by  which  the  cur- 
rent of  the  battery  enters,  and  from  north  to  south  by  the  east 
around  the  sooth  pole,  or  that  which  communicateB  with  the 
zinc  of  the  Bunsen'a  apparatus  (fiff.  In  general  it  does 
not  appear  to  be  more  rapid  near  the  cylinders  than  at  a  cer- 
tain distance*  It  is  especially  apparent  l^etween  tliem,  but 
it  also  exists  at  a  iolernble  distance  from  the  centres.  I  have 
more  than  once  seen  the  velocity  vary  in  an  intermittent  man* 
ner,  as  if  it  had  to  overcome  passini^  obstacles. 

102.  The  theory  of  these  rotations  is  easily  sucf£?estcd. 
When  we  immerse  a  bar  of  iron  in  a  solution  of  sulpijute  of 
copper,  the  electro-chemical  action  determines  in  the  liquid 
an  electric  current,  which  proceeds  from  the  peripheric  parts 
to  those  immediately  around  the  cylinder,  in  the  direction  of 
the  prolonged  radii  of  the  latter.  This  may  be  convincingly 
shown  with  a  good  rheometer»  the  extremities  of  which,  of 
thick  well-polished  platinum  wire,  are  placed  nlternately,  the 
one  near  the  iron,  the  other  toward  the  margin  of  the  vessel 
which  contains  the  solution.  This  current  is  nnalop^ous  to  one 
passed  into  a  metallic  ring  full  of  mercury,  whicli  would  tend, 
radiating  towards  tiie  centre,  to  isbue  by  a  conductor  placed 
perpen&ulariy  to  dbe  surfiice.  An  external  horizontal  cur- 
rent) and  near  the  vessel^  would,  according  to  its  own  direc- 
tion^  cause  the  mercury  to  rotate  to  the  right  or  to  the  left. 
In  our  experiment  the  magnet  is  substituted  for  the  horizontal 
current. 

103.  A  chemical  action  is  therefore  necessary,  and  proceed- 
ing from  currents  of  a  certain  intensity,  for  the  double  polary 
rotation  to  take  place.  The  liquids  cited  as  not  producing  it 
in  a  certain  manner,  evidently  did  not  fulfill  this  condition  : 
they  did  not  possess  a  requisite  relation  of  energy  between  the 
electric  currents  and  the  magnetization.  I  attribute  the  ob- 
served variations  in  the  force  of  the  electric  current,  and  con- 
sequently of  the  velocity  of  rotation,  to  variations  in  the  play 
of  the  affinities  between  the  iron,  all  the  molecules  of  which 
are  not  equally  acted  upon,  and  the  liquid,  the  composition 
of  which  changes  incessantly.  The  reduced  copper,  even 
upon  polished  cylinders,  is  always  striated ;  it  is  not  deposited 
therefore  in  a  uniform  manner  and  without  interniitlence. 
The  temperature,  by  influencing  either  the  chemical  action  or 
the  viscosity  of  the  liquid,  is  perhaps  not  wholly  without  in- 
fluence upon  the  rapidity  of  the  rotation.  Moreover,  It  will 
be  conceived  that  this  latter  becomes  visible  only  when  it  is 
communicated  to  solid  matter  on  which  the  light  is  reflected 

*  It  ii  evidentf  that  tu  smp1<>yiqg  very  iotenie  cbemicsl  actioiMi,  thi» 
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i  XIL  On  the  Lines  ofCkemieal  4fiui^. 

104*  The  phaenonienon  which  I  now  propoie  to  describe 
Is  not  the  result  of  an  inductive  action,  I  however  mention  It 
here  on  account  of  the  connection  which  it  appears  to  me  to 

have  with  the  preceding  facts. 

10.'>.  The  suIp^Kites  of  copper  of  commerce  vary  miicli  in 
purity.  Amongst  oiliers,  there  is  or.c  which,  when  dissolved  in 
common  water,  gives  a  greeni:>h  ojinline  liquid,  wiiicli  becomes 
blue  and  limpid  by  filtration.  If  a  >i4't  ii  on  cylinder  is  placed 
in  this  solution,  we  perceive,  as  soon  as  ii>  cuiuour  is  reddened 
by  the  deposit  of  copper,  very  minute  filaments,  of  a  pale  blue, 

Srodooed  radiating  all  around  Its  immersed  sw&ce*  Hiese 
laments  increase  rapldljr  In  number  and  dimensions.  They 
soon  attain  forty  to  sixty  millimetres  In  length,  and  then  pre* 
sent  the  appearance  of  stamens  with  corrngMted  filamenti^  ter» 
minated  by  heads  or  elongated  anthers,  distributed  over  a  very 
regular  circumference  (fig.  10).  The  development  of  this 
curious  figure  depends  on  the  concentration  of  the  liquid,  the 
t  ajiaciiy  of  the  vessel  which  contains  it,  aud  perhaps  on  other 
causes,  buch  as  the  dillerences  of  density  between  the  upper 
and  lower  Iayer^  j nxhiced  by  the  substiluliun  of  the  swiphate 
of  iron  lor  tiie  suipliaie  oi  copper,  the  increase  in  density  of 
the  surface  layers  owing  to  evaporation,  &c  Be  this  as  it  may, 
the  relative  opacity  ofthe  heads  contrasts  with  the  lunpidity 
of  the  liquid  around  the  iron.  When  the  decrease  in  tM 
amount  of  copper  has  reached  a  certain  limit,  indicated  by  the 
grass-green  tint  which  the  solution  takes,  the  deposit  agglo- 
merates gradually  and  subsides  to  the  bottom  of  the  vessel,  ' 
whicfi  it  nad  not  before  done,  and  the  reaction  is  terminated. 

106.  The  phaenomenon  becomes  more  instructive  when 
n)anile.sted  under  the  action  of  two  centres  (fig.  11).  Then 
the  rays  which  diverge  arrive  perpendicularly  one  against 
another,  following!:  the  line  of  the  shortest  distance.  Bevond 
that,  they  n)eet  ioilow  in<r  directions  more  and  more  obliijiu-. 
Tliey  never  invade  eacii  oihei's  tionutiii :  they  are  devoitl  of 
any  power  of  penetrating  into  the  interstices  of  each  other. 
These  domains  are  separated  by  u  pcrfectk  strai|^t  lint, 
which  intersects  rectai^ularlv  the  middle  of  the  line  of  the 
smallest  interval  The  rays  whichi  from  one  part  and  anotbeff 
stop  at  this  rigfit  linc^  there  undergo  an  Inflexion^  the  more 

iiaiple  or  double  rotation  is  etinly  obtained.  We  may  thus,  as  Mr.  Grovs 
liHs  told  IDC  lie  had  repeated  it,  cause  litiic  cork  boats  to  cirnilntr  nro'-nj 
a  biir  of  irun  •suspended  to  a  powerful  maenet,  and  imuicr&ed  in  dilute 
•utpfattrfe  seid.  Ae.  I  sm  told  thst  Mr  Cbiiitie  bed  sito  iiotleed  tUs  rth 
tsflpo^  but  I  bsiiwe  Wi  ttsir^stlsa  li  sap rtlhhii.  (Otioisri,) 
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lensible  as  it  takes  place  at  a  less  distance  from  the  others, 
and  resemble  more  or  less  decided  hyperbolic  arc«*  The 
figure  is  of  a  truly  geometric  symmeUy. 

107.  With  three  centres  placed  on  the  summits  of  an  equi- 
lateral triangle  (fig.  12),  the  dividing  right  lines  proceed  from 
an  iiitemal  point  aitoated  at  an  equal  distance  from  the  tnin- 
mitfly  and  are  prolonged  perpendicularly  to  the  three  sides  of 
the  triangle  which  are  here  tlie  lines  of  the  least  interval.  The 
divergent  rays  in  two  directions  curve  in  a  veij  marked  man- 
ner. For  the  rest*  the  figure  which  they  produce  is  perfectly 
symmetrical. 

108.  The  radiations  which  appear  to  rentier  visible  llie  lines  , 
accordi!i<T  to  which  the  affinities  are .  developed,  are  not  sen- 
sibly akercd  by  magnetism  ;  tiiis  is  at  least  the  result  of  un 
experiment  unfortunately  unioue*    But  availing  ourselves  of 
the  attraction  which  causes  tne  i^lTnders  to  adhere  to  the 
arms  oFa  magnet  to  give  them  a  moderate  motion  of  transla- 
tion} we  see  Uie  whole  figurci  and  especially  the  dividing  line 
which  constitutes  the  most  marked  |)art  of  it,  transferred  also 
without  any  alteration  of  form.     A  vibration,  a  sudden  trans* 
fer,  detaches,  on  the  conti  ary,  ihe  solid  particles  which  were  \ 
geometrically  grouped :  they  are  |)recipitated  to  the  bottom^  ^ 
and  all  is  spoiled.  » -    t  *     ^   ^  i  ^  ^  r  e 

109.  I  suppose  these  particles  to  consist  of  a  sub-sulphate 
of  copper* ;  but  I  have  not  been  able  to  collect  a  sufficient 
quantity  of  it  to  subject  it  to  analysis.  I  propose  however  to 
publish  ioon  a  new  series  of  researches  on  this  interestitig 
sufajectt 

{  XII L  Is  then     reaeiion  between  eunenU  o/indueihn  mid 

cotUinuous  deetrie  currents  fit 

110.  The  apparatus  which  has  served  for  the  examina- 
tion of  this  question  is  an  electric  machine  constructed  by 
M.  Bonijol.  On  its  reel  are  coiled  two  cupper  wires;  one 
which  makes  200  turns  is  traversed  by  the  inductor  current ; 
the  other,  which  is  finer,  forming  8400  revolutloiUi  is  the 
seat  of  the  cnmnu  induced  by  the  rapid  alternatives  of 
opening  and  breaking  of  the  circuit  of  its  neighbour.  This 

*  Mr.  H.  Rose  has  told  itic  ihat  he  i^of  the  same  opinion.  (Octohfrl.) 

t  This  |)urai;rupli  was  comiiumicatcd  to  the  Socicte  de  Physique  ft 
d*Hi9t.  Naturelle  of  Geneva,  April  9,  1843.  See  also  the  Bulletins  de* 
S'anres  of  the  Society  Vaiuioise  des  Sciences  NntureHcs,  tonic  i.  p.  C8.  M. 
de  la  Rive  has  arrived  at  similar  conclusions  in  his  Mimoire  *ur  f  action 
comlmUe  dm  eomwiia  ^htdtielitm  et  det  eounaUs  hydrO'electriquet,— 
^rtkive*  det  Scieneei  Pkyt,  wt  Nai.,  tome  t.  p.  993  (l$4<^. 
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double  helix  is  pierced  in  the  centre  by  an  apertoro  of  0^*04 

io  diameter,  in  which  may  be  fixed  a  bundle  of  soft  iron  wires, 
or  R  )h>]Io\v  cylinder  of  iron  plate  fumbbed  externally  with 

similar  wires. 

111.  It  IS  especially  in  vnhiin^  the  heatinj?  effects  of  which 
the  induced  currents  are  cripalile,  iliat  we  seek  to  resolve  the 
proposed  problem.  After  haviiig  placed  in  the  circuit  ui  the 
long  wire  Breguet's  tbermomeler  (4<.  c),  and  having  deter- 
mined tbe  namoer  of  alternate  indaced  enrrents,  wbioi  intlie 
unit  of  time  give  the  maximom  of  beating,  an  hvdro^lectric 
current  was  (Mssed  into  tbe  wire  and  into  the  thermometer. 
The  inductor  current  was  that  of  five  large  pairs  of  Daniell 
<6).  . 

112.  The  following  results  were  obtained:  — 

The  calorific  efrect  of  the  currents  of  induction  is  more 
consiilerable  when  the  bundle  of  wires  is  placed  in  the  lielix 
than  w  hen  the  hollow  cylinder  is  employed  :  tbe  latter  being 
removed,  the  tempLi  iUnre  again  decreases. 

b.  The  result  docs  not  vary  whether  tiie  induced  wire  is  or 
is  not  traversed  by  a  constant  current. 

Cm  Tbe  elevation  of  temperature  of  the  thermometer  pro- 
duced by  a  continuotu  and  oonstant  cnrrent,  which  tTaveract 
a  wire  formed  into  a  belix,  is  independent  of  tbe  presence  or 
absence  of  bundles  of  soft  iron  wires^  solid  or  hollow^  placed 
within  it. 

11 3.  I  have  had  constructed  a  large  pair,  of  bismuth  and 
soil  iron,  0"'"2  long,  and  the  square  section  of  which  is  0^'029 
at  the  side.  Tiie  free  extremities  of  these  metals  were  lioiind 
to  n  thermo-electric  rheometer  (46)  by  a  wire  long  eiuuiL;ii 
for  the  instrument  to  be  protected  from  all  magnetic  induc- 
tion. 

11 4-.  No  appreciable  current  xms  produced  on  placing  tbe 
pair  in  tbe  large  helix  (31,  and  developing  in  it  an  intense 
electro-magnetic  state  witn  a  Bonsen's  battery  of  twentj 
elements. 

115.  The  soft  iron  of  the  couple  was  enveloped  in  an  iso- 
lated copper  wire.  Then,  after  having  heated  its  solder  to  a 
oonstant  temperature  and  determined  the  force  of  the  thermic 

electric  current  produced,  a  hydro- electric  current  was  passed 
into  the  wire.  The  deviation  of  the  rheometer  did  not  vary, 
notwiihstauding  tbe  electro-magnetic  state  induced  in  tbe 
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XLV.  On  the  Chemical  Compoaition  of  Gun-Cottoru 
By  MeMre.  Robsbt  Pobkbtt  and  E.  P.  TssonsvACHBR'*'* 

IN  the  paper  from  Mr,  Tesclicmacher  read  before  the  So- 
ciety ou  the  2nd  of  November,  the  composition  of  gun- 
cuUon,  as  deduced  from  careful  synthetical  experiments^  was 
as  follows : — 

39*25  of  cotton  deprived  of  its  constitutional  water, 
of  dry  nitric  acid. 

i(xj-o6 

We  have  now  to  slu>u  thai  tlii?^  romposition  agrees  very 
closely  with  the  following  formula,  which  wc  have  obtained 
from  the  analytical  experiments  that  will  form  an  important 
part  of  the  present  communtcation. 

The  fbrmuhi  in  question  is  as  follows : — C^^  11^  Og +4NO^ 
Boitrated  lignin ;  or  in  centesimal  proportions. 
Carbon  20*00 

Oxygen   {^JiJ^}    •    .  6222 

TTvflrogcn  2*22 

Nitn  iii  n  ......    X5-56— 100  00 

Or  it  may  be  thus  described : 

Lignin  dried  at  350° :  Carbon    .    .  20 

Water  .    .    .    20  =  40 
Nitric  acid  (15*56  nitrogen,  44*44  oxygen)  60 

100 

TluSy  it  will  be  seen,  very  nearly  agrees  with  Mr.  Tesche- 
machei^s  synthetical  result.  We  have  therefore  taken  the 
composition  of  nitrated  lignin  in  all  our  experiments  as  iden- 
tical with  that  of  ^un-cotton. 

Having  by  preliminary  trials  ascertained  that  with  certain 
precautions  those  products  might  be  evolved  without  danger 
and  collected  in  close  vessels,  we  proceed  to  state  that  our 
method  con5«!sted  in  introdncin^^  \\\v  rharp;e  of  gun-cotton 
into  a  thin  glass  tube  of  ,ibout  the  diameter  of  a  goose-quill, 
7  inches  in  length,  closed  at  one  end,  and  bent  «it  the  other 
so  as  to  be  conveniently  intio  luccd  under  a  glass  receiver 
filled  with  antl  inverted  over  mercury,  whilst  the  principal 
part  of  the  tube  was  held  in  a  horizontal  position;  the  gun- 
cotton  was  ex|doded  by  heat  eztenially  applied  by  means  of 
a  spiritplamp  with  a  Teiy  small  wick  to  the  part  if  the  charge 
in  the  fire  part  of  the  tube^  ao  that  its  comoustion  proceeded 
backwards  until  the  whole  was  consumed.  The  portion  of 
the  glass  tidbte  which  is  introduced  into  the  mereuiy  should 

*  Cotnmonicited  bj  tlis  Chcauod  Socie^S  Usnn^  besn  nad  Nor,  1% 

im. 

FhikMa^.    3.  YoL 30.  No.  201.  J^il  1847.  U 
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be  bent  at  such  an  angle  as  to  prevent  any  of  the  mercuiy 

entering  the  tube  previous  to  combustion,  and  the  combus» 
tion  must  be  continuous,  which  is  readily  ctfected  by  carefully 
applying  the  heat  backwards  as  the  cotton  is  ignited.  \\  itli 
these  prctiiutious,  the  evolution  of  the  gas  was  not  attended 
with  any  such  violence  as  to  interfere  with  its  coiiectioiii  nor 
was  any  portion  of  the  charge  thrown  out  nDconsumed, 
which  would  have  been  the  case  had  the  heat  been  applied 
to  the  hinder  portion  first.  Having  collected  a  aumcient 
quantity  of  the  gas,  wc  passed  up  into  it,  first  a  little  caustic 
potash,  which  absorbed  the  carbonic  acid  mixed  with  cya- 
nogen gas,  and  then  green  sulphate  of  iron,  which  took  up 
the  nitric  oxide  ;  the  remainina:  ^us  was  mixed  with  half  its 
bulk  of  oxypren  gas,  and  expludtd  in  a  detonating  tube,  siiow- 
ing  the  quantity  of  carbonic  oxide  preiicnt;  the  remaining 
gas  afler  the  separation  of  the  carbonic  acid  thus  formed  was 
considered  as  nitrogen. 

Some  of  these  constituents  were  unexpected  by  us,  espe- 
cislly  the  cyanogen ;  its  presence  however  was  fully  proved, 
as  we  succeeded  in  forming  prussian  blue  with  it.  The  quan- 
tity of  mixed  gases  obtained  from  52-3, J  grs,  of  gun-cotton 
measured  100  cubic  inches^  the&e  mixed  gases  have  the  foi- 
lowing  composition : — 


1*815  carbon 
4*944  oxygen 
1*815  carbon 
2*150  nittogen 

5'091  oxygen 
5*387  nitrogen 
4-536  carbon 
_6*178  oxygen 
d'154  nitrogen 


100  grs.  of  the  same  would  therefore  give  64*550  grs«  of  the 

mixed  gases,  and  as  the  ultimate  elements,  15*030  gri.  of  W- 
bon,  31*680  grs.  of  oxygen,  and  17*840  grs.  of  nitrogen. 

By  passing  the  gases  from  tlie  combustion-tube  throu^rh  a 
tube  containing  fused  e!doriile  of  calcium,  we  have  Beparated 
20  grs.  of  water,  to  be  added  to  the  gaseous  products  i  and 
we  observed  a  crystalline  deposit,  both  in  the  combustion- 
tube  and  in  the  one  leading  from  it^  tog'ether  with  5  grs.  of 
carbon  lining  the  combustion-tube,  and  resulting  from  the 
decomposition  of  a  part  of  the  crystalline  deposits  after  heat* 


Relative 
vuluinea. 

Cubic 
inches. 

grs. 

Carbonic  acid 

2 

14-286 

6*759= 

Cyanogen  .  . 

1 

7'143 

3*965  B 

Nitric  oxide  . 

5 

35*715 

11-478  = 

Carbonic  oxide 

6 

S5»715 

10*714= 

Nitrogen  «  • 

1 

7*143 
lOO'OOO 

2*154» 
35*070 
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ing  the  tube  to  redness.  The  weight  of  tiiese  together  were 
13-125  grs.,  of  whieh  5  were  esibon  and  8*135  wa  aioertMiied 

to  be  anhydrous  oxalic  acid. 
If  we  now  collect  these  products^  we  find — 

in  the  gases   15*0301 

CiflMii  ^  m  the  enhTdfOiit  couUe  add  t*708  ^  22*7S8 

in  the  rendtte  5HXX)  J 

in  the  gaees   31*680] 

in  the  water   17*780  >  54*876 

in  the  anhydroua  oxalie  acid  5*416  J 
in  the  water     ••••••••  2*220 

I^itiogen  in  the  gases  17*840 

97-674 

Leaving  a  deficiency,  Irom  unavoidable  errors  in  )  q,%qa 

the  experiment,  of    •   •  •  j  

100000 

If  these  nttimate  dementa  be  eompaved  with  the  oompo* 
sition  we  have  assigned  to  nitrated  lignin  or  gnn-eotton,  we 
ahaU  observe  the  f<ulowing  near  approximation : — 

« 

From  the         From  the  composition 
soalynt.  of  niaratsd  bg^. 

Carbon  •  *  .   32-738  30*000 

Oxygen  •  .  .  54-876  62-220 
Hyd^c^n    •    .      2-220  2-220 

Nitrogen.  •  .   17-840  15-560 

97*674  100-000 

Showing  in  the  auulytical  result  a  loss  of  about  7  per  cent, 
of  oxygen  ind  a  gain  of  about  5  per  cent  upon  the  oaibon 
and  nitrogen  taken  together.  We  have  not  been  able  to  make 
these  discrepancies  disappear,  but  have  no  doubt  that  thejf 
result  from  the  difficultiea     the  experimenta,  necessarEy 

gerfbrmed  on  veiy  small  quantities,  and  multiplied  when 
roiight  out  by  calculation  as  100  grains. 
It  occurred  to  us  as  bcini:;  very  desirable  to  add  to  the 
gun-cotton  some  oxidizing  agent  in  suiiicient  qirantityto  fur- 
nish the  necessary  oxygen  for  the  complete  crnnljuiition  of  all 
the  elements  of  the  gua-cotton  ;  we  tried  chlui  alc  of  potash 
with  this  view ;  we  could  not  however  get  Uie  cotton  to  com- 
bine with  aa  much  as  we  deabed  from  an  aqueoua  aolntbn  of 
the  Gbbrate^  ao  aa  to  adhere  to  the  gun-cotton  unUbnnly ;  but 
n  combustion  effected  with  1  gr.  of  the  cotton  with  0*4  gr, 
of  cfalonte,  and  by  treating  the  residue  in  the  tube  with  afitp* 
ifaer  portion  of  chlorate,  gave  us  the  following  reaoU  ^ 

US 
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£S  !!r}«>»t«nmg  0-200  carbon. 


Nitrogen  «  .0*173 
Water  .  .  .  0-200 


••• 


0-996  ... 

which  differs  but  little  from  the  mult  obtained  by  the  im- 
perfect combustioa^  and  agrees  completely  ai  6r  aa  the  nitro- 
gen is  concerned. 

^inre  reading  this  paper  an  article  has  appeared  in  the 
Comjjtcs  Ihmdus  oi'  the  Academy  of  Sciences  at  Paris,  dated 
23rd  November  1846,  that  Messrs.  Fardos  unci  (id is  hud  ob- 
tained from  gun-eotton  a  cyanic  compound  j  lliis  tends  to 
contirm  our  discovery  of  the  presence  of  cyanogen  among  the 
gaaeous  products. 

A  view  may  be  taken  of  the  composition  of  gun-cotton 
agreeing  with  the  ultimate  results,  but  arranging  the  elements 
dififerentty,  b^  subtracting  1  atom  of  oxygen  lirom  the  nitric 
add  and  addmg  it  to  the  lignin  ;  gun-cotton  wonld  then  he 
formed  of  nitrous  acid  +  oxide  of  lignin ;  this  new  oxide  may 
possess  alkaline  ])roperties,  and  tluK  account  for  the  singular 
fact  of  the  luni-acidity  of  ^uii-eotLon  ;  we  intend  tO  try  if  WO 
can  establish  this  composition  by  experiment. 

We  have  tried  the  action  of  a  small  galvanic  battery  in  de- 
composing the  gun>cotton,  but  without  any  decided  results ; 
on  die  first  vigorous  action  of  the  battery,  reddened  litmus 
paper  was  made  blue  in  the  negative  cdl»  but  aa  the  power 
of  the  battery  snbaided  this  efiect  disappeared.  As  the  result 
of  several  trials,  it  does  not  appear  that  gun-cotton  is  suscep- 
tible of  explosion  by  the  dischaige  firom  a  Leyden  phiaL 

In  conclusion,  we  think  proper  to  express  our  dissent 
from  the  iiiecbanical  view  txiken  nv  Mr.  Crum  of  tbe  nafiire 
ot  gun-t  t>tton.  ITr  considers  that  the  tul)nlar  stnicturr  ^^]uch 
the  microscope  developes  in  cotton  accounts  lor  the  admission 
of  nitric  acid  into  its  vessels,  but  does  nut  explain  why  it 
fihuuld  not  get  out  again  on  washing ;  and  he  thinks  that  the 
preaervation  of  its  fibrous  organization  is  inconsistent  with 
its  chemical  combination  with  nitric  add.  Now  the  Ihet  isi 
that  when  cotton  is  immersed  in  a  miztuie  of  equal  measures 
of  sulphuric  and  nitric  adds  it  combines  with  tile  latter  only, 
to  the  exclusion  of  the  former,  which  shows  a  peculiar  affinity 
inconsistent  with  any  mechanical  view  of  the  action* 
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XLVI.  Microscopic  B.rayninafion  of  the  Pap{l!,r  and  yrrre^ 
of  the  Tongxieof  the  l^yo<^^  with  Obscrvaiiom  on  the  Mcdianism 
qfToile,    /?y  Augustus  Wai  i  er,  M,D,* 

[With  a  Plate] 

¥  HAVE  described  in  some  former  observations  the  appear- 
aiices  presented  by  the  papilhe,  tlie  vasculnr  nnd  muscular 
parts  of  the  frog's  tDiiirue.  At  present  I  proj)osc  to  examine 
It  in  reference  to  it^  lunctions  as  an  or^an  ot  table,  and  lu  study 
those  portions  of  it  in  particular  which  enable  it  to  perform 
its  sensorial  offices.  As  these  are  mainly  carried  on  by  means 
of  nerves  distributed  within  it,  which  collect  and  convey  to 
the  brain  the  gustatory  impressions  which  are  produced  upon 
its  surface^  our  attention  will  be  principally  directed  to  the 
ultimnte  ramifications  of  the  nerves,  and  to  the  structure  of 
those  parts  whence  the  sensations  arise.  This  investigation  is 
the  more  interesting  from  the  circumstance  of  the  minule 
anatomy  of  the  ultimate  ramifications  of  the  optic,  auditory, 
oUacloiy  and  llie  tuimnun  sensitive  nerves  having  been  de- 
scribed with  great  care  in  roan  as  well  as  the  lower  animals, 
whereas  the  structure  of  the  gustatory  nerves  has  been  as  yet 
unascertained.  It  is  not  from  the  unimportance  of  the  subject 
in  the  estimation  of  physiologists  that  such  is  the  case^  as  it 
presents  some  peculiarities  with  regard  to  its  nervous  struc* 
ture  of  great  interest,  but  that  the  microscopic  inspection  of  a 
soft,  flesliy  and  opake  body,  like  the  tongue  \n  most  animals^ 
offered  greater  obstacles  than  any  of  tlie  oihrr  organs. 

Valentin  states  that  he  has  been  unable  to  obtain  a  distinct 
view  of  the  terminal  plexus  and  loops  of  the  nerves  of  the 
tongue.  Burdach,  who  has  so  carefully  examined  the  nerves 
of  3ie  fnM^s  tongue,  makes  nearly  the  same  observation ;  for 
he  expressly  mentions  that  he  was  unable  to  examine  the  mi»> 
ecus  membrane  of  the  upper  surface  of  the  tongue,  on  account 
of  its  thickness  and  opacity.  I  hope  to  sucked  in  demon- 
strating that  the  organ  of  taste,  far  from  being  the  most  difli- 
cult  to  examine,  is  tlie  most  accessible,  and  that  the  beautiful 
and  simple  mechanism  of  taste  may  be  followed  in  the  depth 
of  the  tissues  during  the  continuance  of  life. 

In  briefly  recapitulating  the  principal  ]x>ints  that  have  ai« 
ready  been  ascertained  respecting  the  structure  and  functions 
of  the  tongue>  we  find«— 

1 .  That  anatomists  distinguish  three  kinds  of  elevations  upon 
the  human  tongue,  viz.  the  conical,  the  fungiform,  and  the  lenti- 
cular papillae.  The  conical  papilla;  are  the  most  numerous,  the 
smallest^  and  the  most  liable  to  change  under  the  influence  of 

*  CoDiiaaoicated  1^  die  Author. 
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disease.  The  fungiform  are  larger,  more  red,  nearly  globular 
in  form,  and  supported  by  a  stem  which  gives  them  the  ap- 
pearance of  a  mushroom  or  berry  with  its  stalk.  They  are 
much  less  numerous  thnn  the  former,  nmonrfst  which  they  are 
interspersed.  They  exi  i  in  L'lentei  numbers  at  the  tip  and 
borders  of  the  tongue,  wliere  the  sensation  of  taste  is  most 
acute.  The  lenticular  papilloc  nre  the  largest,  and  are  confined 
to  the  base  of  the  tongue,  and  are  only  about  fifteen  in  number. 

S.  In  Berry's  plates  of  microscopic  anatomy,  an  injected 
fungiform  papilla  is  representadi  which  appears  entirely  com- 
posed of  vascular  coils  arranged  in  nearly  a  globular  shape. 
CniTeilhier  says,  Les  papiiles  qui  h^rissen(  la  langue  reprMut 
le  corps  papillaire  de  la  peau,  a  son  summum  de  d^veloppep> 
ment.  Elies  resolvent  des  nerfs.  Haller  les  a  poursniris 
jusquc  dans  les  pnpilles  Je  les  ai  egalemcnt  suivis,  mais  sans 
pouvoir  determmcr  com  ment  elles  se  terminent." 

3.  Comparative  anatomy  shows  the  existence  in  the  tongue 
ot  mobt  animals  of  the  same  kind  of  papilla'  as  in  man.  Cuvier 
(Anatomie  Comparee)  mendons,  Ce  sont  les  papiiles  fongi- 
formes  qui  re^oivent  tous  les  filets  nervenx  qui  sont  asses  gros 

Sour  6tra  suivis  I'csil  nii,  et  cette  circonstance  jointo  a  celle 
e  la  duret^  des  papiiles  coniqties  dans  certains  animaux  nous 
porte  a  croire  que  les  ft >Ti^i formes  sont  le  siege  principal  du 
gout."  Messrs.  Todd  and  Bowman  adopted  the  same  opinion 
from  observing  the  extreme  thinness  of  the  epithelium  over  the 
iun^itorni  papillae,  as  compared  widi  that  which  invests  the 
conical  j^apiiloB*. 

^*  The  tongue  in  man  is  supplied  by  three  pairs  of  nerves, 
the  hvpoglossus,  the  glossopharyngeal  and  the  gustatory,  a 
branch  from  the  inferfor  maxillary^  Numenius  ekperimeniB 
on  the  lower  animals  and  pathological  facts  in  man  have  shown, 
tiiat  the  first  is  themotory  nerve  ofthe  tongue:  much  difference 
of  opinion  exists  with  respect  to  the  functions  of  the  latter. 
The  experiments  of  Panizza  would  lead  us  to  the  conclusion 
that  the  glossopharyngeal  is  the  sole  nerve  of  taste,  but  the 
simple  deductions  of  anatomy  and  the  experiments  of  Longet 
are  in  favour  of  n  conjoint  action  of"  the  two,  the  glosso- 
pharyngeal being  the  nerve  of  taste  for  the  base  of  the  tongue, 
and  the  gustatory  that  of  the  tip  and  anterior  third  of  the 
same* 

If  we  now  come  to  the  tongue  of  the  frog,  we  find  in  ic^  af^er 
it  has  been  distended  for  the  pur{)ose  of  examination,  the  same 
elements  as  we  meet  with  in  the  human  subject.   The  fnime- 

*  I  mutt  refer  the  reader  to  their  excellent  s«cauQt  of  the  tongue  !a 
their  work  on  Physiological  Anatomy,  which  1  regret  having ConSulMd  tOO 
late  to  avfiil  m^'self  of  in  tbi»  paper. 
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hypoglossus  duplak  muscle,  aridng  fimn  tha  lower  border 
of  the  hyM  booe  and  advancing  upwards  and  outwardly  ito 

fibres  expanding  in  a  fan-like  shape  {  and  the  genioglossus,  an 
impair  muscle  of  a  triangular  form,  whose  base  is  inserted  to 
the  npex  of  the  lower  jaw-bone,  from  whence  it  ascends  and 
jnin^  die  inferior  surface  of  the  livpoglossus.  This  last  is  short 
and  thick,  iind  does  not  extend  beyond  the  posterior  Imlf  of 
the  tongue.  Numerous  transverse  fibres  of  a  muscular  nature 
form  several  la^ersy  and  leud  to  increase  the  strength  oi  iliu 
Mgoa.  Aa  in  ouuii  theaa  vewaii  and  mrvaa  are  principally 
flilnalt  at  Uw  lower  aurfiwe  of  the  organ,  which  becomes  up* 
permoit  in  this  animal  wlien  epread  out  of  the  mouth.  The 
upper  anrftoe  it  cohered  with  a  very  thin  membrane,  nearly 
transparent  lilte  glass,  with  all  the  appearances  and  properties 
of  cellular  tissue.  The  lowermost,  which  is  the  papiiUury  or 
g^tatory  snrface,  h  nuich  more  thick  and  opake. 

The  surface  ot  the  (rog's  tongue  appears  to  the  naked  eye 
nearly  smooth  and  constantly  covered  with  mucus  secreted 
upon  it.  \\  lien  forcibly  dii»tended,  it  becomes  sufficiently 
ftltenuuled  to  allow  ol  the  passage  of  li^ht,  and  we  niav  then 
detect  very  minute  elevations  over  the  upper  surface.  By 
means  of  a  simple  microscope,  we  find  that  the  apparent  even- 
aeia  ariese  merely  from  the  ninuieness  of  these  bodies*  and 
that  It  eontahis  au  the  elements  of  the  human  tongue^  with  tlie 
exceplioB  of  the  lenticular  pa|rtllm>  Small  bodies  of  a  oottieai» 
lUiibrm*  or  cylindrical  shape,  are  seen  over  the  greater  part  of 
!•  it,  corresponding  to  the  papillie  conicse  in  man.    Among  these 

are  others,  fewer  in  number,  larger,  mostly  of  a  globular  form, 
and  most  abinulani  lownrds  the  extremity  of  the  tongue: 
those  are  (lie  run<j;itni  Tn  jiapillae.  As  in  man,  they  are  sup- 
ported by  a  kind  oi  neck  or  pedicel,  wliich  is  narrower  than 
their  free  exuciuity.  Sometimes  this  pedicel  disappears,  owing 
frequently  to  the  coudilioa  of  forcible  disieusiou  of  the  mem- 
brane! the  papiUathen  appears  simply  glolMilar'*^.  These  papilJse 
are  those  which  to  the  naked  eye  rseemble  minute  granulations 
slightly  prominent  alwve  the  rest  of  the  membrane.  They 
difier  firom  the  first-mentioned  in  another  important  feature, 
for  they  are  found  to  contain  a  coil  of  blood-vessels,  within 
which  there  is  a  very  active  circulation.  The  conical  papillm 
ofTer  nothing  of  the  sort  5  numerous  vessels  ramify  among 
them  at  their  base,  wiihouf  nny  appearance  ol  permeating 
within  them.  The  siinpfe  h.ns  is  tlie  best  10  employ  when  we 
tk'aire  to  trace  the  anulo^nrs  between  the  organ  ni  this  animal 
and  that  of  man;  but  wiieu  we  wish  to  examine  the  papillae 
*  See  Phil.  Mag.  vol.  jixix.  pUt«  1. 
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more  closely,  we  must  use  the  higher  powers  of  the  compound 
microscofK',  wliich  the  transparency  of  the  membrane  permits. 

The  papiilfp  conicse  of  the  frog  consist  of  small  elevations 
of  an  irregiilai  iorm,  dispersed  over  the  whole  surface  of  the 
tongue,  xhey  may  generally  be  regarded  aft  conststinff  of 
small  cones  or  cylinders,  two  or  more  of  which  are  joined  by 
a  common  stem  to  the  mucous  membrane.  They  are  com- 
pletely covered  with  scales  of  epithelium,  and  frequently  appear 
to  have  small  apertures  upon  their  surface,  as  if  lending  to  some 
cavity  within  them.  In  some,  this  opcjiin*^  is  a  sninll  elongated 
depression  at  the  apex  of  tlie  papilla;  in  others  it  is  sharp 
and  well-defined,  and  below  it  some  scales  of  epithelium  ap- 
pear liniii*^  the  couHuencenienl  of  the  papillary  duct.  When 
the  tongue  is  much  distended,  ihtse  papillee  almost  entirely 
disappear^  as  jf  they  were  sin)))ly  formed  of  ruga;  or  folds  of 
the  mucous  membrane*  The^'  present  no  appearance  of  cir- 
culation. At  different  ages  ot  the  animal  they  vary  considera- 
bly. In  the  young  they  are  smaller  and  more  transparent  than 
in  those  full-grown,  where  they  are  generally  like  truncated 
cones,  distinct  from  one  another.  Al  their  summit  the  elon- 
gated aperture  already  mentioned  is  generally  seen.  In  tlie 
Philosophical  Magazine  one  of  tlie  most  com mon  appearances 
of  these  papilicB  is  represented. 

The  fungiform  papilla?,  which  are  so  easily  distinguished 
from  the  former  by  their  active  circulatioii»  deserve  principally 
to  arrest  our  attention.  The  blood,  which  when  seen  with  the 
lower  power  appeared  to  move  within  a  small  cavity,  without 
being  contained  in  any  capillary,  is  found*  on  l>eing  sutijected 
to  higher  power,  to  circulate  within  the  usual  canals,  which 
are  coiled  up  into  a  verv  sfnnU  space,  so  as  to  cause  the  blood 
to  trace  a  very  circnilous  route  before  it  is  enable<l  to  make 
its  exit.  The  exact  course  which  it  takes  may  often  be  traced 
where  the  circulation  is  languid,  by  the  gradual  progress  oi  ilie 
blood-discs.  The  coil  is  connected  with  two  and  Bometimes 
with  three  small  vessels,  which  supply  it  with  blood*  No  dif- 
ference can  be  detected  between  these  supplying  vessels*  either 
with  regarc^to  calibre  or  thickness.  They  are  to  be  considered 
as  part  of  the  capillary  network,  and  they  are  often  seen  to 
convey  the  blooil  in  opposite  directions,  when  watched  for  a 
liew  minutes.  In  most  instances  the  supplying  vessels  arrive 
from  opposite  points,  and  the  circular  papilla  appears  nearly 
oil  a  level  with  the  rest  of  the  membrane;  but  in  others  the 
papilla  is  like  a  gourd  or  wide-necked  flask  will*  ilie  larger  end 
pendent  and  free.  The  vessels  then  run  close  together,  tra* 
versing  the  necki  and  after  ascending  upwards  unite  with  the 
coil. 
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The  nerves  nre  (derived  from  two  pnirs,  the  first  of  which 
traverse  a  foramen  loirether  with  the  vnixns  ;it  the  bnsc  of  tlie 
cranium,  between  the  occipital  and  sphenoid  bones.  The 
second  arise  from  the  first  cervical  nerves,  and  traverse  the 
foramen  belweeu  llie  iirst  and  ::econd  vertebrae  of  the  neck. 
Both  pairs  make  a  curve  which  is  directed  forwards  and 
downwards,  and  descend  nearly  in  a  parallel  direction  to  the 
hyoid  bone^  from  whence  they  ascend  to  the  concavity  of 
the  lower  maxillary  and  enter  the  tongue,  where  their  main 
trunks,  much  diminislied  in  size,  may  be  traced  to  the  two 
ln!>ei  r]es  at  its  extremity.    The  cervical  nerves,  which  at  their 
commencement  are  nearly  on  the  median  line,  and  arc  inlernal 
to  the  cranial  pair  at  their  origin,  retain  the  same  relative 
position  until  they  enter  the  tongue,  where  they  begin  to  ra- 
niily,  the  two  cranial  nerves  tiien  becoming  external.  The 
cranial  nerve  in  its  passage  to  the  inferior  maxillary  bone  tra- 
verses the  posterior  belly  of  the  digastricus,  descends  until  it 
reaches  the  hyoid  bone,  when  passing  under  the  middle  and 
over  its  great  cornua,  situate  either  beneath  or  by  the  side  of 
ihehypoglossus  muscle,  continues  in  that  position  until  it  enters 
ihe  tongue,  without  giving  off  any  branches  to  the  muscles  of 
the  neck.    The  cervical  nerve  follows  nenrly  the  same  direc- 
tion until  it  reaches  the  hyoid  bone  umier  which  it  passes, 
and  likewise  places  itself  under  ihehypoglossus  muscle,  j)ene- 
trating  with  the  latter  into  the  tongue,  accompanied  closely  by 
the  lingual  arteries  and  veins.   It  supplies  numerous  branches 
to  the  muscles  of  the  throat  and  neck.   This  nerve  is  much 
more  considerable  ihati  the  former,  and  is  much  more  curved* 
The  fifth  pair  or  trifacial  sends  branches  to  the  mucous  mem<» 
brane  of  the  month,  which  appear  to  reach  the  posterior  part 
of  the  tongue,  but  it  gives  off  no  nerves  to  that  organ,  conre- 
apondinrr  to  the  lingual  brancti  ol  tlie  inferior  maxillary. 

NoLwitiistanding  the  transparency  of  the  tongue  when  in  a 
state  of  distension,  we  find  considerable  difficulty  in  u  acing 
the  ramification  of  its  nervous  trunks  within  the  parenchyma. 
At  the  upper  surface^  where  they  are  most  superficial,  we  may 
under  fiivourable  circumstances,  with  the  simple  microscope, 
be  enabled  to  follow  the  various  ramifications  of  a  large  branch 
to  a  considerable  extent,  but  we  are  unable  either  to  comnuind 
a  general  view  of  the  distribution  of  a  single  trunk,  or  of 
distinguishing  with  any  degree  of  certainty  the  ramifications 
of  one  pair  from  another. 

The  best  mode  to  examine  the  nerves  in  the  dead  animal  is 
to  disuriiculuie  the  lower  jaw-bone  on  one  side,  and  to  divide 
the  throat  on  that  side  sufficiently  to  allow  the  jaw  to  be  turned 
completely  backwards.  The  passage  of  these  nerves  may  be 
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followed  from  tlieir  exit  from  the  cranium  and  spine,  until  their 
immersion  into  the  tongue.  After  removing  the  mucous  mem* 
brane  of  the  surface,  we  niav  easily  trace,  by  means  of  the  seal- 
pel,  with  the  naked  eye  the  distribution  of  the  principal  trunks 
nearly  on  the  median  line,  giving  oti  numerous  branches,  and 
finally  proceeding  miich  diminished  in  size  nearly  to  the  two 
tuberclM  on  «ach  tide.  By  immerston  in  alcohol  or  naphth«» 
Ibe  nerves  become  whiter  and  etill  more  dittinol.  The  cervical 
and  cranial  pairt  then  appear  unconnected  with  each  other 
during  their  course;  and  Burdach  is  of  opinion  that  no  com* 
munication  is  ever  found  to  exist  between  these  two  pairs  of 
nerves,  the  first  of  which  he  terms  the  hypoglossus,  and  re- 
gards as  n  pure  motor  Tiervc,  and  the  other  the  glossopha- 
ryngeal, wluch  he  looks  upon  as  destined  entirely  to  the  mu- 
cous membrane. 

My  observations  do  not  allow  me  to  adopt  this  opinion 
entirely,  as  I  have  seen  with  the  naked  eye  and  with  the  mi- 
orosoope  numerous  communicationsi  almost  of  a  plexiform  na» 
ture,  between  these  trunks  at  their  entrance  into  the  tongue. 
1  have  therefore  preferred  to  adopt  the  terms  of  cranial  and 
cervical  pairs,  which  are  independent  of  all  theoretical  ideas. 
I  consider  the  cervical  as  destined  principally  to  the  muscles,  " 
and  the  cninial  to  the  mucous  membrane,  where  I  shall  pre- 
sently ile.'^c!  ilie  them.  When  the  muscles  have  been  divested 
of  their  papillary  membrane,  we  are  able  lu  trace  wiihoul  diffi- 
culty, the  various  ramifications  and  nervous  loops  amone  the 
mttscttUr  fibres*  where  we  see  the  nervous  fibres  nearly  reduced 
to  a  single  tubuley  forming  numerous  loops  or  meshei^  running 
either  across  or  parallel  to  the  seriated  muscular  fibres,  llieie 
nervous  trunks  and  fibres  appear  all  to  be  derived  from  the 
cervical  nerve.  Instead  of  completely  reinovinoj  the  mucous 
membrane,  which  often  renders  the  exaniination  difficult, 
from  the  blood  which  issues  from  the  divulcd  vessel,  we  may 
remove  a  smail  portion  of  the  menibi  aiie,  vs  liich  when  done  by 
tearing  it  away,  will  frequently  be  unattended  by  ios^i  of  biuod. 
The  surface  thus  exposed  is  osuallv  foimd  eoveied  with  a  dense 
plexus  of  nervous  ramifications*  which  appears  lo  belong  to  the 
muscular  system.  Sometimes  in  spreading  out  the  tongue 
we  separate  from  it  a  kind  of  investing  sac  of  cellular  tissue, 
nearly  as  transparent  as  glass.  The  microscope  detects  in 
this  numerous  muscular  fibres,  generally  accompnnicd  with 
nerves  and  capillary  vessels.  The  nervous  fibres  are  iisnally 
accompanied  with  a  satellite  capillary  vessel  closely  joined  to 
them.  To  coni[)lele  lJus  bricl  account  of  the  microscopic 
muscular  appearances,  I  will  mention  that  the  circulation  may 
be  easily  observed  in  these  muscular  capilkriesy  and  that  a 
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nntoalar  contraction  produces  a  constant  acceleration  of  the 
bloodi  if  prenonsljr  stagnating  in  them*  1  have  nol  detected 
muf  valvM  in  these  otpillftries,  aueh  it  are  actn  in  some  of  tin 
kmrTetni  of  tho  fro^a  loiigiio.  Mnsciiiftr  striMi  may  be  aaon 

at  the  upper  ami  }ower  surfaces  of  thatongtt«b  through  the  layer 
of  epithelium  and  cellular  tisitie.  The  contraction  of  the  mua* 

cular  fibres  mny  be  frequently  observed,  either  uncovered  or 
throiifrh  the  ppirhplitim.  1  have  examined  them  sometimes  in 
an  anitnni  iiruler  ilie  inflnerice  of  btrychnirt;  in  none  of  these 
cases  have  I  iuund  either  ilie  zigzags  (U^'^rTihed  l)y  Dumas  and 
Prevost  ns  chnrnctertstic  of  muscular  cojitraciiuns,  or  the  ap- 
proximation of  the  transverse  stria*,  as  described  by  more  re* 
cent  observers. 

To  Mm  10  the  nenrous  fibres.  Bordach  has  employed 
another  meant  of  nnveOIng  the  distribution  of  the  nenroa,  which 
oDosisis  In  immtning  the  tongue  for  a  Ihw  minutes  in  a  solu* 
tbn  of  potassa»  In  the  proportion  of  three  or  four  diops  of  alkali 
to  nn  oimoe  of  wateTt  By  this  method  the  membrane  of  the 
back  of  the  tongiie  becomes  rapidly  converted  into  a  transparent 
viscous  substance  like  the  white  of  egg,  which  is  easily  removed, 
lenvinix  the  subjacent  parts  nearly  unaffected.  By  cotnpressing 
th«  uiiiLrne  hetwc(Mi  two  pieces  of  ghis«?,  we  may  trace  tlie  dis- 
tribution ot  all  the  })i  incipal  nervous  branches  of  the  organ. 
The  four  nervoiiN  trunks  advance  forward «i  in  a  parallel  direc- 
tion to  ihe  tubercular  extremity,  giving  oil  numerous  brantheii 
on  their  external  sides,  which  branches  subdivide  and  ramify 
eownrde  the  borders  of  the  organ.  On  their  internal  aides  thsty 
give  elf  no  hranehesi  and  appear  to  have  no  anastomoeea  one 
with  another.  The  same  miilateral  ramldoation  is  observed 
with  legard  t  n  dje  va^uiar  canals,  and  may  In  a  grsat  measure 
be  aooounted  for  by  considering,  that  as  they  and  the  nerves 
are  all  near  the  median  line  of  the  tongue,  the  parts  to  be  sup- 
plied fli*e  placed  to  the  right  and  left  sules  of  this  line,  and  the 
nervoiiF  nnf  i  vtisoular  trunks  are  only  in  proportion  to  the  parts 
to  be  supphed. 

Tl>e  cerviril  nerves  ate  seen  to  form  nunierons  plexiform 
aiuibtumo.Hcs  btiween  their  vni  ion-  biiUiches,  antl  to  di.-»uibute 
frequent  loop^  composed  of  neuiiy  single  libres  among  the 
muscular  parts.  The  cranial  pair  ramify  in  a  unilateral  man- 
ner until  th^  attain  the  tubereular  extremity,  where  liranclies 
are  given  off  on  eaeh  aide  of  the  nmin  trunkst  Burdach  states 
titat  this  nerve  pimmts  no  pleaiform  amn^fement  like  the 
Ibnner,  that  a  few  of  Hs  fibres  at  the  extremities  form  corves 
or  arebesi  but  that  generally  they  terminate  abruptly  in  a  bush- 
like  manner,  henoe  liis  term  "  tcrminaiaon  en  buissoo."  In 
describing  his  prooess^  Burdach  has  not  oonoealed  Its  delmls  in 
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destroying  the  papillary  surfiice  of  the  organ;  and  also  he  com* 
mils  the  mistake  of  regarding  the  papillae  as  glandular  bodies^ 
as  we  may  see  l>y  the  following  passages.  **  There  m  e  con- 
siderable difficulties,  even  in  the  frog,  in  recognizing'  tlie  course 
of  the  nerves  in  the  interior  of  the  tongue;  lor  iniUpciulenliy 
of  the  thick  layer  of  mucus  secreted  on  its  surface,  this  organ 
is  obscured  by  a  multitude  of  granules  or  opake  knots,  globular 
in  rornii  which  sre  doubdess  mucous  glands;  and  likewise  by 
numerous  canalsy  variously  twisted,  of  a  thickness  nearly  equal 
to  j^th  of  a  lincy  which  appear  to  be  filled  with  corpuscles  re> 
sembhngthe  blood-discs,  and  whicl)  nre  either  canals  to  convey 
the  mucus,  or  lymphatic  vessels ;  and  lastly  by  numerous  blood* 
vesseK.  Therefore  we  soon  !>ecome  convinced  of  the  impossi- 
bility of  distinguishing  anything  without  the  employment  of 
artificial  means  An  impossibility  already  ex- 
perienced by  Vuleiitii)  and  which  my  own  researches  have  con- 
firmed  All  chemical  substances,  whatever  they 

may  be^  when  applied  during  the  life  of  the  animal  on  the  sur* 
face  of  the  tongue,  have  always  produced  an  increase  in  the 
afflux  of  ihe  blood  to  the  organ,  and  have  still  more  injured  its 
transparency*." 

In  order  to  detect  the  real  extremities  of  these  nervous  fila- 
ments, we  have  but  to  examine  with  care  the  papillnrv  surface 
of  the  froc*s  tongue.  If  tliis  is  well  extended  and  noi  over-in- 
jected with  stagnant  blood,  we  shall  have  no  diiru  uity  in  dis- 
cerning, at  the  base  of  each  fungiform  papilla,  a  dark  gray 
spot  formed  by  a  nerve  nearly  the  size  of  a  capillary  vessel. 
In  fig.  1  we  have  a  very  correct  representation  of  a  papilla  as 
it  appears  in  a  fiivourable  subject.  The  nerve,  of  which  we 
see  a  portion,  pursues  a  very  winding  course.  Near  the  base 
of  the  pedicel  of  the  papilla  it  is  usually  twistedt  as  is  repre- 
sented, into  a  kind  of  loose  knot  composed  of  several  loops. 
This  spot  is  the  dnrkest  portion  of  the  nerve,  and  is  to  be  seen* 
in  most  of  the  lungilorm  papillae.  From  this  point  llie  fibres 
ascend  apparently  less  numerous,  and  accompany  the  blood- 
vessels in  their  numerous  gyrations  within  the  papilla.  By 
reason  of  the  darkness  and  opacity  of  the  Llood-vessels  the 
numerous  convolutions  are  generally  concealed,  and  it  is  only 
at  the  intervals  between  the  ooils  that  we  are  enabled  to  detect 
the  nervous  tubes.  The  principal  varieties  which  I  have  had 
occasi^m  to  remark  with  respect  to  these  papillary  nerves,  are 
that  sometimes  the  efferent  and  afferent  capillaries  run  close 
together  joined  to  the  nerves,  which  in  that  case  nre  in  a  great 
measure  concealed.  Sometimes  the  nerve,  like  the  blood-vessels, 

*  B  ti rdacb,  Siruciure  dSn  Nerfi^'-'Amaiet  da  SeitHeet  NahtnUa,  vol.  ix. 
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arisai  ftom  two  bfftnches  which  converge  near  the  papilk  as 
if  thev  were  afferent  and  efferent  It  will  Le  preferable  that  the 
blood  •bould  be  found  circulating  in  the  papilla»  in  CNnder  to 
detect  more  readily  the  papillary  nerve.    In  casitt  where  the 

animal  has  been  killed  by  strychnia,  I  have  always  found  these 
nerves  more  ensily  distinguishable,  as  if  this  substance  exerted 
some  eilect  on  the  constitution  of  the  nervous  system. 

I  considered  it  important  to  determine  whether  any  vesicular 
matter  existed  in  the  papilla,  such  as  has  been  described  to 
exist  at  the  extremities  of  some  of  the  nerves  of  sensation.  In 

one  or  two  Umaneet  I  bnve  dbtlngulthad  some  granular  matter, 
but  in  moBt  cases  I  have  not  been  ab1«^  whether  from  its  non- 
existence or  liom  its  being  hidden  by  the  engorged  nMCular 
eoil,  to  detect  the  dightest  trace  of  it. 

Besides  these  nerves  of  the  fungiform  papillae,  there  exist 
others  which  are  spread  over  the  lower  surfiice  of  the  tongue. 
They  consist  of  nearly  simple  nervous  fibres,  forming  a  kind 
of  network  under  the  mucous  membrane.  This  nervous  net- 
work corresponds  to  the  capillary  network  distributed  to  the 
mucous  membrane,  in  the  same  manner  the  nervous  ]iapil- 
lary  coil  correspcjiKls  to  the  vascular  one.  During  wiiuer  the 
epithelium  oi  die  frog'^  tongue  becomes  thinner  ami  more 
transparent,  and  the  animal  is  also  in  an  anaemic  condition, 
ftom  which  cansea  Ihe  vessds  of  the  tongne  are  bat  very  slowly 
engorged ;  these  cases  are  therefore  the  most  suitable  for  tlie 
inspection  of  the  nerves. 

Tongue  of  the  Toad, — The  toad's  tongue  presents  very  close 
analogies  to  that  of  the  frog.  I  have  already  described  in  this 
journal  the  slight  differences  which  distinguish  them  from 
each  other.  I  shall  now  merely  state  what  afurtlier  investiga- 
tion has  shown  me  with  respect  to  their  nervous  structure  and 
papillfT.  Tltc  difliciilty  of  procuring  these  animals  in  the 
winter  has  prevented  my  thoiough  examination  of  tlie  dii?lribii- 
tiun  of  the  nervoui»  a  ujjks  of  their  central  parts,  but  as  far  as 
I  have  examined  I  Had  a  similar  distribution  to  those  in  the 
ftog.  The  toad's  tongue  is  less  extensible  and  more  thick 
Uum  that  of  the  frog,  and  for  that  reason  it  is  neoessaryto 
aeleet «  very  small  animal  for  microscopic  examination.  The 
nervous  trunks  which  ramify  in  the  muscles  and  accompany 
the  vessels  appear  to  be  more  numerous  than  in  the  frog.  The 
muscniar  itrisft  are  mora  distinct,  and  the  fibres  are  arranoed 
more  hke  separate  muscles.  The  papIUie  conicp,  or  rather 
those  that  correspond  to  them,  may  be  compared  in  general  to 
irregular  folds  or  plaits  of  the  intestines;  others  are  like  small 
cylindrical  villi;  while  some  fewer  are  convex  elevations,  with 
a  very  small  dark  circular  foramen  in  the  centre  and  a  passage 
leading  perpendicularly  within  them. 
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The  fungiform  papiilie  do  not  geneiPiUlj  prt^ect  upwafd% 

but  consist  of  a  circular  area  containing  a  vnscular  coil  and 
surroiiiichHl  by  an  elevated  rini  of  the  mucous  meiiibianc. 
Scales,  ot  t  piibcliiim  cover  tlie  papillae  conicfp,  but  the  niucoui 
nieijibraue  is  generally  loo  opake  to  aihnit  of  the  circulation  of 
the  blood  being  clearly  distinguished,  except  at  the  neuro- 
vascular pupillus,  where  it  is  seen  in  the  coil  and  at  numeroui 
spots  about  the  siM  of  T^^'^'^y  wbers  the  mucous  membrane 
•ppMFi  to  bt  rnnovfdt  bomw  «ipoiii  fnUy  tfa«  capillary  cir» 
aulatum  bcoeath*  On  thma  spou  ths  formi  of  Iho  blood* 
globules  are  no  dutinct  w  to  give  the  appeatOMo  of  not  heiiig 
coDfioed  in  a  vmcuIat  tube.  The  blood  frtqiMiitlj  ftagiMtM 
at  these  pointfi  or  burata  tbrougli  and  ii  offopKl  in  small 
quantities  over  the  papillary  surface,  where  the  separate  glo- 
bules nisiy  be  seen  to  oscilhite,  evidently  under  the  influence  of 
the  cilia  sipread  over  the  siit  late.  In  favourable  cases  nervous 
nimuenljj  may  be  trriced  into  the  vascular  area,  ?5imilar  to  tJiose 
of  die  frog,  fonnii)^  i  knot,  which  afterwards  gives  ottiilameDts 
accompanying  the  va;jcular  coil, 

Tiiese  papillae  and  their  nerves  were  most  clearly  dii>played 
in  a  toad  not  balf*growQi  which  hid  been  kept  prisoner  the 
wholo  of  the  wnter.  From  som  aocideotal  oaoaeilhed  faem 
ii|jufed»  whi<>bhad  produced  great  ameeietieii»  and  finally 
eesioned  its  death.  When  examined  life  was  extinct,  but  the 
mufeJee  were  fleeeid  end  circulation  of  Uood  nSsted  in  the 
tongue.  This  organ  was  beautifully  tmuuperiOt;  the  pepiUai 
conical?  were  as  before  described ;  some  of  the  neuro^vascular 
papilla^  had  a  circular  area  with  coils;  others,  mostly  confined 
to  the  extreiniiy  of  the  tongue,  consisted  of  nearlv  plobuiar 
tran^pareiu  vesicles,  projecting  above  the  mcinl  rant' and  con- 
nected with  it  by  a  very  narrow  neek  cnutaming  two  capillary 
vessels  and  a  uti  vc  Near  the  puutt  of  insertion  of  ihe  vesicle 
to  the  membrane  a  nervous  knot  was  seen,  from  whence  nume* 
MMit  nervous  fibres  prooeeded  up  the  pedicel  into  the  vesicuUr 
eevtty«  Nnveroui  aimiler  vewlea  existed  el  the  tabewles, 
where  they  fomed  nearly  a  eontiaaoua  vow«  the  transparency 
of  the  membrane  alio  wing  the  nervooefilaaneotewhidi  supplied 
them  to  be  traeed  haokvard  to  the  main  trunk,  which  they 
joined  at  an  acute  angia*  The  vascular  coil  could  likewise  M 
followed  to  similar  venous  and  arterial  trunks,  closely  accom* 
panying  the  nerve.  This  beautiful  nrranc^ei^ient  may  be  aptly 
compared  to  a  l)unch  of  rm  rnTits,  eai'li  currant  representing  a 
vesicle  with  its  internal  coil,  and  Us  pedicel  to  die  vasculo- 
nervous  neck  of  the  papilla.  As  all  the  papillary  nerves  joined 
the  main  trunk  at  acute  angles,  we  may  easily  figure  to  our- 
selveh  the  appearance  of  the  termination  of  the  filaments  of 
the  cranial  nerve,  as  mentioned  by  Burdaoh»  by  stripping  off 
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the  currants  «nd  leaving  the  prindp^l  itulk  with  thtiir  project* 
ing  pedicels, 

i^hysiologicaLucitonoJ  Iht  Tuii^ue. — The  fungi  furm  or  neuron 
vascular  papillce  are  the  parts  which  more  especially  deserve 
Qor  altentionf  as  their  atruetural  arrangement  poiDti  them  out 
aa  heing  evidently  the  principal  if  not  the  eole  organs  of  taste 
in  the  topgue.  Considered  under  the  simplest  point  of  view, 
they  may  ue  regarded  as  hollow  vesieles,  containing  a  coil  of 
nerves  nnd  blood-vessels  within  them,  and  when  a  ii(]uid  is 
brought  in  contact  with  its  external  njembrnne,  its  thinness 
causes  it  to  bt-  rapidly  permeated  by  tlie  sapid  substance  which 
then  comes  in  immediate  contact  uiili  tlie  nerve  where  the 
sensation  ut  t^iste  lei  cieated.  Tiie  capillary  coil  then  by  lU 
internal  current  and  its  extensive  surface,  rapidly  carries  It 
•wf^  and  leiivea  the  nerve  Aree  to  receive  a  fresh  impression.  In 
analysing  tbia  mechanism^  we  may  for  convenienoedisilngnish 
three  separate  periods  pr  stages*  In  the  first  the  body  pev# 
njeates  tne  vesicular  membrane  \  in  the  second  It  eomet  in  con* 
tact  with  the  nerve  and  produces  an  impression  which  is  con- 
veyed to  the  brain;  in  the  third  this  substance  is  eliminated 
from  the  cavity  and  from  the  nt  rve.  The  first  is  a  well-known 
property  ot  ad  animal  rneinbraiies,  ot  allowing  themselves  to 
be  u  avei'aed  by  the  variuuti  iiuuid  and  gaseous  substances  with 
which  they  are  in  contaott  We  have  an  instance  of  this  when 
venoiis  blood  contained  in  •  bladder  and  mtpoaed  to  the  air  or 
immersed  in  water  contaimng  mr  in  solution,  becomes  crimson 
from  the  passage  of  the  oxygen  through  the  membrane  into 
the  blood,  h  similar  action  takes  place  wlten  varioua  other 
liquids  and  gases  are  separated  from  each  other  by  an  organic 
menibranet  Acetic  acid  applied  to  the  tiuigLie  of  the  f'roor  over  a 
blood-vessel  hlled  with  stagnalmg  bioud,  destroys  its  rtd  c  olour 
and  dissolves  the  tunic  ot  the  vesicles  in  the  same  way  us  w\\vn  it 
ii>  applied  to  blood  taken  from  the  vesselji.  A  suil  uiore  uutablc 
example  is  presented  by  the  branchimof  the  tadpole,  which  may 
be  observed  during  1  ife»  There  the  blood  isperoeivedoirculating 
with  gratt  rapidity  In  the  capillary  vessrlai  and  seoarated  from 
the  aurroiinding  water  by  a  verv  thin  merobfano,  Meverthelese 
in  virtue  of  the  permeability  o( this  membrane^  p  constant  cur- 
rent exists  which  couses  the  oxygen  in  t!ie  water  to  be  absorbed 
by  ihu  blood,  and  the  carbonic  acid  of  the  blood  to  pass  i»ito 
the  water.  In  this  manner  tiie  respiration  of  the  ntuinal  is 
eflected.  The  rate  at  which  a  membrane  is  iravt  rsul  by  a 
liquid  is  (£i^rii  paribus  in  proportion  to  the  tiiinness  of  the 

membraiw*  At  the  branchial  surface  it  ia  extremelv  tliin,  on 
a^couot  of  the  dbtinetoeai  with  which  the  globules  or  the  blood 
epp«iir  tbroQgh  it*   For  the  same  reason,  it  is  evident  that  the 
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membraneorthepaptlla,  being  also  very  thin,  is  easily  permeated. 
On  the  contrary,  the  tliicknessof  the  epithelial  scales  over  the 
rest  of  the  surlace  indicates  that  there  the  same  fiction  is  com- 
paratively very  feeble  and  slow.  It  is  necessary  tor  a  substance 
to  be  in  a  state  of  ^nlmioii  betore  it  is  capable  of  traversing  a 
membrane,  for  ii  merely  suspended  or  floating  in  a  liquid  its 
progress  is  completely  arrested  by  the  membrane.  The  same 
remark  also  applies  to  the  oi|pin  of  taste»  which  is  only  carui* 
ble  of  receiving  an  impreesion  from  a  body  which  can  be  die- 
solved  kk  the  saUva,  or  is  already  in  a  state  of  solntion. 

To  fitrtber  acceletaie- the  passage  tii  rough  the  membranei 
the  body  when  placed  in  contact  with  the  vesicle  is  subjected 
to  a  certain  amount  of  pressure  by  means  of  the  application  of 
the  tongue  to  the  roof  of  the  mouth.  The  effect  of  pressnrc 
in  increasing  the  action  of  absorpli(ni  is  well-known  trora 
numerous  facts;  its  intluence  in  the  action  of  taste  is  sliou-n 
by  the  feebleness  of  the  seu nation  generally  caused  by  a  body 
when  merely  applied  on  the  surface  of  the  tongue,  compared 
to  the  aculeness  of  perception  which  enbuea  on  its  being  com- 
pressed between  tlie  tongue  and  the  palate.  If  the  sumoe  of 
the  pahue  had  been  entirely  smooth,  the  amount  of  ptessorB 
tfans  sustained  by  a  substance  in  a  lionid  or  a  pulpy  state  wonld 
be  very  small,  but  by  the  existence  ot  small  fi>lds  and  transverse 
depressions  on  its  surfooe  the  body  to  be  tasted  becomes 
lodged  and  fixed  between  them,  and  thus  exposed  to  a  mncfa 
greater  amount  of  pressure.  The  importance  of  this  com- 
pression of  snpici  substances  receives  additional  evidence  from 
the  fact  that  the  gustatory  membrane  is  invariably  disposed  in 
a  manner  to  ensure  their  compression  ;  and  that  the  soft  palate, 
which  likewise  has  the  power  of  taste,  may  be  regarded  as 
squeezing  the  sapid  substance  when  passing  from  the  throat  into 
the  stomach. 

When  the  substance  is  perfectly  insoluble,  the  onlv  sensa- 
tion  of  its  presence  is  of  a  tactile  nature  like  that  of  the  hand, 
which  enables  us  to  appreciate  the  siae,  form,  degree  of  re* 
sistance  and  temperature  of  the  body.   The  reaemblance  of 

the  papiliss  conicse  to  the  papillsB  of  the  organs  of  touch, 
render  k  venr  probable  that  they  are  destined  for  the  same 
purposes  and  fulfill  the  same  functions.    The  areolar  network 

of  the  nervous  fibres  at  the  base  of  these  papiilic  is  very  similar 
to  the  teniiiiiations  of  the  nerves  in  the  skin,  and  tends  to  con- 
firm the  idea  of  the  tactile  rinture  of  the  papilla?  coTiicce, 
Supposing  ail  impressions  to  arise  from  a  molecular  pertur- 
bation of  the  ultimate  nervous  iibres,  the  agent  in  this  case, 
which  causes  the  perturbation,  is  either  simple  mechanical 

contact  or  caloric*  Neither  of  these  agents  is  liable  to  accu- 
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mnlate  around  the  peripheric  extremities  of  tiie  nenre,  like 
a  chemieal  aubetence ;  it  it  tlierefiire  a  matter  of  no  surpriae 
that  these  nenres  are  not  surrounded  by  so  rich  a  vascular  ex- 
pansion.   Nay,  further,  with  respect  to  tl)e  action  of  caloric^ 

we  nre  nwr.re  t!)at  in  virtue  of  its  conchiclibility  it  tends  quickly 
to  ;Utaii;i  a  state  of  equilibrium,  which  in  extreme  rnses  may 
be  in  a  cie'];;ree  hastened  by  the  vascular  circnlntimi  of  a  fluid 
of  an  ctjual  temperature  like  the  blood,  wliich  it  developed  to 
the  same  extent  as  in  tlie  fun^iloi m  |);i[)illit',  would,  it  is  ra- 
tional to  suppose,  &o  uuicli  tujiudize  llie  diiiiribution  of  caloric 
as  to  render  the  nerve  incapable  of  distinguishing  minute  dif> 
ferences  of  temperature.  But  without  entering  any  further 
into  these  speculations  out  of  the  pale  of  experimental  science, 
it  is  proper  to  state  that  numerous  lacts  derived  from  phy- 
siologj  and  pathology  are  in  frvoor  of  what  I  have  deduced 
from  the  examination  of  the  anatomical  structure  of  the  two 
species  of  papillae,  namely,  the  existence  of  two  distinctspecies  or 
sets  of  organs  in  the  tongue,  those  for  nppreciating  the  chemical 
]iroperties  of  bodies,  and  those  for  taking  cognizance  of  their 
physical  and  mechanical  attributes.  In  numerous  instances 
the  faculty  of  taste  is  entirely  destroyed,  leaving  tlie  tactile 
properties  unaffected. 

Witli  regard  to  the  second  pet  ioil  or  ^tage,  when  the  blood 
cornea  in  ccmtact  with  the  nerve  and  produces  the  impression 
which  is  conveyed  to  the  brain,  we  can  form  no  idea  of  the 
various  actions  whidi  are  produced  within  the  nerve;  we  can 
•  only  surmise  that  these  impressions  may  either  resemble  eleo- 
trie  currents,  such  as  arise  from  the  contact  of  two  heteroge- 
neooa  substances,  or  that  they  are  caused  by  a  kind  of  mole- 
cular perturbation,  which  is  transmitted  upwards  to  the  brain, 
where  it  produces  a  kind  of  image  of  a  more  perniMuent  nature. 
We  know  that  different  liquids  vary  grentlv  in  tiitir  power  of 
traversing  the  same  iiiciiibrane  ;  nlcnhoi  and  water,  for  in- 
stance, in  a  bladiler  become  separaleii  irom  each  other  by  the 
walei  traversing  the  membrane  and  the  spirit  remaining  be- 
hind. To  thi5  cause  may  perhaps  in  some  small  degree  be 
attributed  the  difierence  in  the  sensations  which  diffiBrentsul>- 
ataiices  give  rise  to;  bat  by  fiur  the  most  efficient  cause  is 
probably  the  peculiar  manner  in  which  the  nerve  is  afiected, 
as  diftrent  rays  of  light  excite  difierent  sensations  indmen- 
dently  of  the  intensity  of  their  action.  My  experiments  have 
not  enabled  me  to  ascertain  whether  the  nervous  fibrils  sup- 
plying the  two  kinds  of  papillae  are  the  same  or  of  diflferent 
origin,  or  whether  they  are  rendered  distinct  in  their  actions 
merely  by  means  of  the  striictni  c  of  t!ie  parts  around  them. 

The  iljirti  siai^e  may  be  considered     simply  a  kind  of  per- 
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meation  or  imbibition,  very  similar  to  what  we  Iiave  described 
in  the  first.  It  h  evident  that  if  a  substmice  were  allowed  to 
remain  permanently  iii  rotitactwith  tlie  nerve,  the  impresiioiis 
would  be  greui.iy  ilctcciivt,  as  the  sul>-,iaiices  applied  to  it 
would  be  mixed.  Tu  remedy  this  uvil,  it  is  requisite  that  a 
means  should  be  found  of  eliminating  a  substance  from  th^ 
nervooi  extr«mities  nearly  as  (quickly  as  it  is  allowsd  to  raach 
them.  The  nerve  when  freed  is  capable  of  receiving  a  second 
impreuion  as  clear  and  distinct  as  the  first  We  may  easily 
onderstand  how  this  may  be  effected  by  means  of  the  vascular 
coil ;  for  if  we  suppose  for  a  moment  that  this  coil  is  tilled 
with  stationary  blood,  we  see  no  reason  to  prevent  the  diffu- 
sion  ofllie  substance  in  the  capillary  area  from  taking  place 
in  the  bauie  manner  as  in  tlie  cavity  of  the  vesicle.  If  the 
capillary  is  now  t!ii;|iiied  and  illU  J  with  fresh  blood,  the  same 
action  of  imbibition  and  of  i»oluuun  will  take  place  a  second 
time,  and  so  on  as  fast  as  the  blood  is  changed  and  renewed. 
In  this  way  we  obtain  a  constant  curiciu  from  the  exterior  to 
the  interior  of  the  vesicle ;  and  if  the  sapid  substance  has 
quitted  tba  surface  of  the  tongue,  the  absorption  will  continue 
until  by  an  action  of  eudosmosis  and  exosnosis  it  beoomes 
entirely  removed  from  the  vesicle.  The  eKifiCence  of  a  constant 
current  in  the  coil  undoubtedly  much  accelerates  the  removal 
of  the  sapid  substance  from  the  vesidci  as  we  observe  that 
whenever  an  active  imbibition  takes  place,  as  in  tha  branchisi 
of  the  tadpole,  there  exists  a  corresponding  incroiiae  in  llit 
vascular  system. 

EXPLANATION  OF  PLATE  UJ. 
J%«  1,  Fungiform  papilln  with  nerve  and  blood-veisel. 

a.  Nervip  9tthe  Uu^e  uf  the  papilla,  where  it  formii  au  intricittf 
coil,  Iti  tubules  separate  as  they  reach  the  iiiternul  canvex 
border  of  the  papilla,  where  they  form  numsroiit  cgovolutioni  is 
the  surface  of  the  eapillaty. 

b.  Afferent  capillary, 
e.  Eiersat  capillary, 

&  Upper  aurfiMe  of  die  toegae  of  a  young  flrof,  with  eopfcsl  sad 

fungiform  papillsc. 

The  papilia  with  the  large  dark  area  is  a  fiiiigifortu  papilla  in 
Its  early  stage  of  development.  Above  is  another  papilla  of  the 
iama  iUnd,  but  mom  develaped,  villi  the  ceetial  misleiM  aNMh 
diipinltM*  iroaed  tbsie  ■!«  isfo  soaicil  er  tsslilf  pspiihi* 


XLVEI.  Inielligenee  and  MiseeUaneom  ArHetn- 

ON  TME  BSHAVIOLJII  OK  MKTALLIC  ZINC  TOWAUDS  >»0LV'n0W« 

OF  MF.KCUKY.      liV   U.  ROSE. 

ri'^IJli  behaviuur  of  lUftallic  muq  iuw unU  bulutioijj*  (tf  tho  peroxn"^ 
X  sad  psrohloride  of  mercury  i4  hiyUIy  remarkable.   The  sine 


Digitized  by  Google 


Intelligence  and  MtscdiaHeoii6  /hiicles. 


throws  down  the  whole  of  the  mercury  from  solutions  of  tlie  pernitrate 
aod  persulphate,  wbi^a  the  separation  of  basic  salts  has  been  prevented 
by  the  addition  of  nitric  or  sulpliiiric  acid.  The  zinc  dues  not 
combine  with  the  mercury,  but  the  latter  separates  iu  the  form  of 
gray  globule^  whioh  eoUeot  at  the  bottom  of  the  ▼oaacl;  tho  zioe 
retains  Its  appeanuiee>  becomtog  only  aomevhat  more  giij  than 

before  the  rxprriment. 

Zinc  beliaves  in  tlie  same  manner  towards  a  solution  of  the  per* 
chloride  ot  mercury;  its  appearance  is  not  changed,  and  the  mer- 
cury aeparale:^  iu  gray  globuleb;  but  when  hydrochloric  acid  Itas 

been  aaded  to  Ibe  aolution  of  tbe  perehloride,  tbe  immened  bar  of 
line  soon  becomes  quite  blight  and  shining.   In  tbis  reaction  no 

evolution  of  gas  occurs ;  only  a  few  bubbles  adhere  constantly  to 
the  bright  surface  of  the  amalgamated  metal;  the  nierem-y  is  only 
imj)erl"t  cLly  precipitated,  for  even  after  several  days  its  pi  esence  may 
be  detected  io  the  soluliun.  It  is  true  that,  when  tlie  zinc  in  left 
for  a  longer  time  iir  ooataet  with  the  liquid,  the  menuiry  is  at  la^ 
•ntirely  separated,  bat  not  however  as  a  precipitate  of  gray  globules ; 
but  the  whole  of  it  combines  with  the  sine  and  amalgamates  it.  At 
all  events,  when  free  hydrochloric  acid  is  present,  the  mercury  is 
separated  far  more  slow  ly,  and  under  totally  different  pluanomenat 
than  trum  the  solution  of  the  pure  perchloritle. 

When  the  experimput  is  somewhat  modified,  the  result  is  itiU 
more  surprising.  For  instancei  if  a  bar  of  sine  be  immened  In  by* 

drochloric  acid,  and  when  the  evolution  of  liydrogea  is  vary  lafud, 
a  solution  of  percli1'»ride  of  mercury  be  added,  the  disengagement 
of  gas  ceases  instantly  ;  the  zinc  becomes  bright,  resulting  troni  its 
amalgamation ;  and  after  several  days  the  mercury  is  only  imper- 
fectly separated  from  tbe  solution.  If  a  solution  of  perohumde  of 
platinam  be  now  added, solution  of  hydrogen  immediately  recom- 
mences. 

When  the  mercury  ha^  been  entirely  separated  from  a  solution 
the  prrchlnriile  by  zinc  iu  the  form  of  gray  globules,  and  hydro- 
chloric acid  a<ided,  the  zinc  soon  becomes  bright  and  amalgamated, 
without  however  the  mercury,  which  has  been  separated  in  the  form 
of  jriobolesb  wholly  combining  with  tbe  zinc* 

The  bebaviour  of  amalgamated  xinc  la  very  remarkable.  Doliep 
reioer  observed  that  no  evolution  of  gas  resulted  on  the  contact  of 
amalgamated  zinc  with  acids;  and  recently  Millon  has  drawn  atten- 
tion to  the  fact,  that  certain  metallie  solutions  hasten  the  evolution 
of  hydrogen  by  means  of  zmc  and  dilute  sulphuric  acid  (a  phaeno- 

maBon  wnlch  aaa  been  satisfaetorUy  aoeounted  for  bf  Banmwil)* 
while  a  solution  of  perehloride  of  meroury  retards  thia  diseogager 

meat  considerably. 

well  krK>^vn.  is  most  readily  amalgamated  by  immersing 
it  in  hydrochlorir  .k  1.  tnd  tlien  rubbing  it  over  with  mercury. 
Zinc  thus  amalgamated  remains  perfectly  bright  when  pla^^d  in 
hydrochloric  acid,  In  which  it  scarcely  dissolves  at  all*  or  so  Utlk^ 
that  only  a  few  bubbles  of  gas  adhere  to  the  shining  siirfaee»  Am  la 
well  kwmHf  amntomatfd  aiuc  bchaTci^  ni  an  deetnoal  point  «f 
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iriew,  alniost  UIm  a  diatiDCt  metal ;  and,  DoCwtdMlaiidiDg  il  ii  but 
little  acted  u^on  by  acidi>  is  more  positive  than  zinc  alone.  lf» 
thererore,  another  metal  be  placed  by  the  side  of  amalgamated  zinc, 
wbtch  is  in  contact  with  a  dilute  acid,  a  powerful  evoUition  of  gas 
inimt  (iiat(  ly  results  on  the  former  when  it  touches  the  amalgamated 
sine.  It  ii  requisite,  however,  that,  in  order  to  retain  its  remarkable 
belMvioar,  etpecially  towards  percUoride  of  mercury,  there  smmI 
always  be  some  free  add  pment*  without  which  it  sets  like  ordinaiy 
sine.  When  an  amalgamated  bar  of  zinc  is  immersed  in  a  «f>!ution 
of  perchloride  of  mercury,  tlie  nirrmry  i«i  ^rparntrd  f \n(  ily  ;ih  with 
pure  zinc  in  the  I'orm  of  gray  globules,  ami  the  amaiganiated  zinc 
loaea  its  bright  coating.  In  the  same  way  amalgamated  zinc  reduces 
solutions  oi^ the  sulphate  of  copper,  nitrate  of  silver  and  acetate  of 
lead,  like  ordinary  zinc,  with  this  difference,  that  an  addition  of  hy- 
drochloric or  nitric  acid  doee  not  prevent  or  retard  the  reduction  of 
the  nietals  by  ih<-  nrr);d?-imated  sinc»  an  is  the  case  with  the  soiutioo 
of  perchloride  of  niei  cury. 

When  only  a  few  drops  of  hydrochloric  acid  are  added  to  a  solu- 
tion of  the  percUoffide  of  inercarjr,  the  sine  is  amalgamated ;  but 
after  some  time  mercnrr  separates  in  the  form  of  gray  globules, 
whicli  does  not  occur  when  a  larger  qoantitj  of  hydrochloric  acid 
has  been  employed. 

Dilute  buiphuric  acid  acts  like  hydrochloric  acid  in  preventing  or 
retarding  the  precipitation  of  the  mercury  Irum  the  bulution  of  the 
perchloride ;  nreqnently,  in  this  case,  a  fine  cfyslalline  salt  sepaTBtoSt 
which  however  is  only  perchloride  of  mereufy,  which  is  for  leas 
soluble  in  dilute  sulphuric  acid  than  in  water;  subsequently  a  cry- 
stalline powder  separates  in  minnte  scales,  coating  the  zinc,  and  fre- 
quently floating  upon  tiif  suilar*  of  the  liquid;  thi-s  is  the  proto- 
chloride  of  mercury,  which  is  not  further  altered  by  the  zinc.  It  is 
remarkable  that  the  protoehloride  Is  only  separated  by  zinc  firom  the 
eolation  of  the  perchloride  when  sulphuric  add  has  been  added*  and 
not  from  a  solution  of  the  pure  chloride,  nor  on  the  addition  of  hy- 
drochloric ncifl.  >Toreover,  when  a  solution  of  the  perchloride  of 
mercury  is  iioutcd  upon  zinc  immersed  in  dilute  sulphuric  acid,  the 
evolution  of  gu.H  suddenly  ceases,  just  as  w  ith  the  addition  of  iiydru- 
ehloric  acid.  The  sine  likewise  beoomes  amalgamated,  and  a  lew 
bubbles  of  gas  adhere  for  a  long  time  to  ita  sarlhce.  Nitric  acid 
also  prevents  the  precipitation  of  the  mercury  fW>m  the  solution  of 
the  perchloride  by  zinc,  in  the  same  manner  as  hydrochloric  and 
sulphuric  acids  ;  in  this  cn<«  the  protoehloride  is  also  formed.  When 
a  violent  diseug^ement  ot  nitric  oxide  has  resulted  from  immersing 
-sine  in  nitric  add,  it  h  Instantly  stopped  by  the  addition  of  a  solu- 
tion of  the  perchloride  of  merconr*  It  Is  wdl  known  that  neither 
sulphuric  nor  nitric  acids  in  the  dilute,  and  also  in  the  eonoeatmted 
state,  are  capable  of  tlecomposing  the  perchloride  of  mercury. 

Iron  completely  precipitiites  the  oxysaits  of  ?n(  rrnrv  in  the  same 
maimer  as  zinc ;  the  metal  is  likewise  wholly  i»eparated  by  iron  from 
a  solution  of  the  percbloride>  and  an  addition  of  hydrochloric  ackl 
ndther  prevents  the  evolution  of  gas  nor  the  elimination  of  the  mer- 
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cury :  as  the  iron  h  not  ainalg»miited»  tbe  mereafy  eepanites  in  tha 

form  of  globules. 

While  zinc  entirely  prcripitatps  the  merciry  Ironi  a  solution  of 
the  protonitrate,  it  cannot  decompose  the  protuehloride  even  wlieii 
recently  predpitated  and  in  the  presence  of  water.  The  insolubility 
of  Um  tik  it  by  BO  meuit  the  cause  of  ibis  phaenomeDon,  as  the 
chloride  of  iil?er  is  most  quickly  and  nindly  decomposed  by  zinc 
in  tiie  presence  of  water.  Even  on  the  addition  of  hydrochloric 
acid,  the  protochloride  is  not  decomposed  by  zinc,  or  only  to  a  very 
small  pxtpiit  when  it  has  been  left  for  Jieveral  days  in  contact  with 
it  aud  the  acid.  Scarcely  any  evolution  of  gas  ia  perceptible  in  this 
instance;  neverthele«  the.liqoid»  aftec  aslMit.tinie,  contains  oxide 
of  zitic  in  solution.  ... 

The  insoluble  protosulphate  of  mercury  is  likewise  not  reduced 
by  zinc  in  contact  with  water;  however,  after  several  days  some 
oxide  of  zinc  has  dissolved,  and  the  zinc  is  slightly  amalgamated , 
more  ia»  reduced  when  dilute  sulphuric  acid  is  addedt  but  still  the 
quantity  is  very  inconsiderable  \  there  is  no  evolution  of  gas,  but 
neverthdcM  the  sine  is  anmlgainatcd.— Boggendorff's.^liiiidbk 

on  THE  GOMPOSmOM  Of  THB  OEGANIC  ALKAUB8. 
BY  M*  AtfO,  LAVXXIiT. 

llie  author  dhserves  that  the  elementary  analysis  of  the  orgaidc 

alkalies  is  attended  with  great  difficulty,  for  a  difference  of  tvo-  or 
thrce-thoiiRandths  t  f  hydrogen  is  sufficient  to  rhnnc;e  their  atomic 
formula.  The  greater  number  of  analyses  show  an  excess  of  hy- 
drogen over  the  calculated  result,  which  usually  amounts  to  the 
quantities  above-mentionedt  or  about  one  equivalent*  The  author 
contriTed  sa  aiiparatus  to  ascertain  whether  he  conid  not  determine 
the  hydrogen  to  about  one-thousandth ,  and  he  remarks  that  two 
formula;  are  given  for  morphia ;  that  by  Liehi^r  being  C^^  H'"  O**, 
and  that  by  RejrnHult  C'^  H^o  N«0«.  The  result  of  the  author's 
analysis  is  iitatcd  by  luui  to  bc-^ 

•••••••  .  ..••>•  2550*0 

«»•    237-5 

N»  

()•   600*0 

9562-6 

And  he  further  observes,  that  the  analyses  oi  Liebig  and  Ilegnault 
were  calmlalgd  according  to  the  ancient  atonuo  weight  of  carbon; 
whereas  witii  the  number  75  the  resolta  of  Regnanlt*s  analysis  would 
be  the  same  as  his,  or  71*7  and  71*85. 

Qttuw.— M.  Liebig's  formula  for  this  alkali  i«  C'*'  H^^  0«. 
which,  according  to  M.  Hegnault,  ought  to  bo  doultU  d.  M  Lnu- 
rent  repeatedly  crystallized  sulphate  ot  (^uina,  then  extracted  the 
dludi^anddiaiolveditiattllier;  dieiotntioiiwaaevi^oiated,andthe 
qninakept  for  aloQg  timeialuuoaandthenaiialyaed  Theieralia 
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0*    2850 

H«*    275 

  350 

0«   400 

3875 

Cinchonia. — M.  Liebig  represents  cinchonia  by  H^N*  O,  and 
M.  Regnault  hy  G»  Bf*  O,  oi  rather  by  dottUe.  M.  Lummi^m 
analysis  gives-* 

C»    2850 

H**    275 

  360 

0*   200 

It  appears  tiierefeie  that  cmehonSadiffBn  fromqaiiiaiBOQintiiniiig 
only  half  as  much  oxygen. 

The  author  concludes  by  giving  the  following  foiiniil«  as  tlift 
results  of  his  analysis 

Quina   C">H«N«  0« 

Cinchonia    C'^H«2N«0 

Morphia   C'H'^NO' 

Qoxnoldiia.   C^H^N 

Lophia    CmH>«N« 

Picryle    C^'H>*NO« 

Narcotina   C«H"N07 

Cotarnina    C'H'sNO* 

Narcogenina   C'sH'^^NO* 

Opianioacld   C»«H»oO» 

Opianate  of  ammonia.   C>oH»NO» 

Hcmipinic  acid   C»oH'«0« 

HemipinatooiamoKmia.   c>°H>'N''0« 

Starch   C'«H^'^0'« 

Pyroxyline   C»«  H'"  O*' 

Conina    C«NH'^ 

Anm.  deCh.etdt  Phya,,  Mara  1847. 

ON  THE  CHANOS  BnCCTED  IN  HTDRATED  VBBOXIDS  OF  IRON 
WHKN  KEPT  IN  WATER.    NT  .M.  6..  C.  WITT8TBIN. 

It  is  well  known  that  a  solution  of  persnlphate  or  perchloride 
of  iron  gives  a  reddish-brown  precipitate  with  ammonia,  and  it  is 
flocculent  and  very  bulky  :  its  formula  is'  Fe'0'4-3HO,  and  it  dis- 
solve? perfectly  in  cold  acetic  acid,  ft  does  not  however  appear  to 
be  known,  that  this  precipitate,  when  kept  under  water,  and  without 
having  been  previoosly  dried,  almost  entifely  loaes  its  property  of 
dBinohringinaeetieadd,  asif  itfaadbeendiied.  Some  odtdrorganio 
aeids,  which  readily  and  completely  dissolve  recently-precipitated 
peroxide  of  iron,  such  as  tartaric  and  citric  acids,  &c.,  al?o  dissolve 
a  much  smaller  quantity  of  the  oxide  which  lins  hern  long-  kept  under 
water.  M.Wittstein  states  that  some  researches  Avhich  he  has  made 
on  this  subject  have  afforded  him  very  satisfactory  results. 
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If  the  recently- precipitated  and  washed  oxide  be  examined  by  the 
microscope,  it  will  be  ?een  to  be  composed  of  nmoq)lious  globules, 
among  which  no  crystals  are  perceptible ;  on  the  contrary,  the  pre- 
cipitate which  has  been  long  kept  under  water  appears  to  be  entirely 
crjstdUne  t  the  1111111  fnpaitisktb  of  oryfttalB  an  of  ft  deep  yellow 
eoloiir  and  slightly  translucent.  The  author  ttfttea  that  he  ia  not 
awnrp  of  th('  time  rofpiircf!  to  convert  tfir  rmiorphous  into  the  cry- 
stalline peroxide;  but  the  clpiffi^c^  tn  which  he  made  his  expe- 
riments had  been  prepared  more  thaa  two  years  previously.  He 
thinks,  however,  tl^  the  tranafonnatkm  had  teken  placo  for  a  oon- 
nderable  time;  for  he  remembers  to  have  remarked  that  in  six 
months  the  precipitate  had  altered  in  appearance  and  become  more 
compnct.  The  hydrate,  moreover,  in  ossuminfr  tlio  cni'stalline  form, 
loses  half  the  wnter  which  it  contained;  tlie  tunuula  of  the  precipi- 
tate which  has  undergone  this  change  is  2Fe*0'-f  3H0. 

The  difScolty  then  which  attends  the  solution  of  hydrated  peroxide 
of  iron  that  has  been  long  kept  under  water,  dejiends  upon  two  causes, 
the  crystalline  form  and  partial  dehydration.  It  results  from  wliat  has 
been  above  stated,  that  the  peroxide  of  iron,  in  order  that  it  may  be 
dissolved  by  the  acids  named,  and  weak  acids  in  general,  ought  to 
be  employed  soon  after  precipitation.  It  is  probably  not  indifferent 
that  the  peroxide  of  iron  employed  as  an  antidoto  to  afsenie  should 
be  ieoentiy«precipitated ;  at  all  events,  preference  ought  to  be  given 
to  rccent^y-prccipitntod  oxide,  and  it  will  be  pro})cr  to  renew  it  every 
six  month?,  or  annually.  It  is  not  requisite  entirely  to  reject  the 
hydrate  which  boa  been  kept ;  it  may  be  dissolved  in  hydrochloric 
acid  and  again  precipitated  by  ammoma.«^/(Wim,  ie  Pkarm*  el  di 
.  Ck„  Fevrier  1847. 


OK  ▼ILLBMITI.    BY  MM.  DELESBB  AND  DB8GLOIZEAUZ. 

The  mineralogical  coUeetUm  of  M.  De  Drie  contains  a  broumhh 

silicate  of  zinc  from  Franklin,  New  Jersey,  United  States.  It  appears 
to  have  been  already  analysed  by  MM.  Vanuxcm  and  Keating,  who 
have  referred  it  to  the  villcmite  of  Levy  ;  but  as  it  differs  much  in 
appearance  from  the  villemite  found  in  Europe,  and  as  its  analysis 
does  not  agree  with  that  of  a  mineral  analysed  by  Dr.  Thomson, 
and  identical  as  to  its  physical  properties,  and  hem  the  same  locality, 
MM.  Delesse  and  Descloizeaux  thought  it  would  be  interesting  to 
make  a  comparative  examination  of  the  two  minerals. 

Ilie  villemite  which  MM.  Delesse  and  Descloizeaux  analysed  was 
Irom  the  zinc  mines  of  \'ieilie-Montagne  near  Aix-la-Chapelle  ;  it  is 
in  small  cry  stal,  of  a  light  rose  colour,  and  has  the  form  of  a  regular 
hexagonal  prism,  terminated  by  an  obtuse  rhomb  of  an  angle  of 
30',  as  described  by  Levy  and  Phillips.  These  crystals  were  con- 
tained in  the  druses  of  a  feminrinons  cnlaminc. 

The  fcilicate  of  zinc  from  ISew  Jersey  was  nho  crystallized,  but 
confusedly  so ;  sometimes  however  the  crystals  are  very  well  de- 
fined, and  they  are  referable,  both  as  to  form  and  cleavage,  to  the 
▼illemite  of  Levy.   The  angles  are  the  same  i  the  cleavages  perpen- 
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dicular  to  the  axis  of  the  prism  are  also  evident,  as  well  as  those 
which  are  parallel  to  the  faces  of  the  regular  hexagonal  prism.  The 
specific  gravity  of  the  ndoeral  from  New  Jeney  was  4*154. 

By  calcinatioD,  fhe  siUcate  of  zinc  from  New  Jersey  and  the  vUle- 
mite  lose  only  0*005  :  this  small  lose  it)  probably  owing  to  a  little 
hycTornetric  moisture,  and  to  the  oxides  of  iron  and  raangnncsc 
wliich  accompany  both  minerals  ;  the  villcmite  hccomes  of  a  sliglit 
brick-red  colour.  As  to  the  New  Jersey  silicate,  it  has  a  brown 
colour,  a  restnous  lustre,  and  yields  a  powder  of  a  light  dirty  green 
colour,  which  becomes  deeper  by  calcination  :  like  villemite  it  is  in- 
fusible by  tlie  blowpipe  ;  with  carbonate  of  soda  on  platina  foil  it 
becomes  green,  indicutinij  the  presence  of  mnni,'anese ;  in  borax  it 
dissolves  perfectly,  with  a  slight  colour  mdicating;  iron ;  with  phos- 
phoric salt,  a  skeleton  of  silica  remains  in  the  globule. 

The  silicate  of  zinc  from  New  Jersey,  like  villemite,  is  very  easily 
acted  u|>un  by  hydrochloric  acid,  and  the  silica  separates  in  the  ge» 
latinous  state  ;  it  then  produce?  an  incrustation  around  the  central 
part,  and  it  is  necessary  to  continue  the  ebullition  for  some  time, 
that  the  action  may  be  complete. 

For  a  quantitative  analysis  about  fifteen  grains  were  dissolved  in 
hydrochloric  acid ;  after  having  separated  the  silica  in  the  usual  way, 
the  liquor  was  c^'a)K>rated  a  second  time,  by  which  a  little  more  was 
obtained  ;  the  zinc  was  separated  by  solution  in  potash,  by  repeatedly 
treating  the  residue  insoluble  in  acid  :  the  iron  was  separated  from 
tiie  uiaugaiiei^  by  succinate  of  auuuouia ;  no  cadmium  \va&  detected. 

Uliere  were  by  these  means  obtained,  by  the  analysis  of  the  ville- 
mite of  Vieille-Montagne  and  the  silicate  of  zinc  from  New  Jersey 
the  following  results 

VieiUe''Moniagne, 


Silica   27-28 

Oxide  of  zinc   72*37 

t^toiide  of  iron   0*35 


lOOOO 

New  Jersey. 

Silica   27  40 

Oxide  of  zinc  . .  , ,   68*63 

Protoxide  of  manganese   2*90 


Protoxide  of  iron   0*87 

100*00 

llie  results  of  these  analyses  agree  veiy  wdl  with  those  of  ville- 
mite and  silicate  by  MM.  Thomson,  Levy,  Vanuxcm  and  Keating. 
It  follows  that  mauganeseous  silicate  of  zinc  of  New  Jersey,  and  the 
"inllcmitc,  though  at  first  presenting  different  appearances,  belong  to 

the  same  mineral  species,  which  is  a  tribasic  silicate  of  zinc  bi  Zn'  ; 
or  supposing  that  silica  contains  only  two  atoms  of  oxygen,  they  will 

hehiboneailieatei  ctf  zhic  Si  i^n^^Ann,  des  Minet,  tume  z«  1846. 
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SOLUBILITY  OF  CARBONATE  OF  LIME  IK  WATEH  CONTAINING 
CABBONIC  ACID.    BY  M.  LA8SAIONE. 

The  solubility  of  carbonate  of  lime  in  water  containing  carbonic 
acid  has  beeu  lung  known  to  geologists,  luincralogistd  and  chemibU  ; 
it  is  in  this  state  tiiat  all  waters  whidi  contain  tliia  calcareous  ealt 
convey  it  for  the  aasinulation  of  plants  and  animals. 

The  spontaneous  precipitation  of  this  salt,  by  contact  of  the  air, 
fullv  explains  the  ranse  of  the  deposits  formed  by  the  water,  and  of 
the  incrustations,  frequently  so  abundant,  which  occur  on  the  sur- 
face of  bodies  exposed  to  the  water  for  a  certain  time. 

There  are  other  fajcts,  however^  connected  with  the  subject  which 
have  not  been  examined  Into :  such  are  the  degree  of  solubility  of 
carbonate  of  lime  at  common  temperatures  in  water  saturated  with 
carbouic  acid,  and  the  state  of  saturation  in  which  the  salt  exists  in 
this  condition. 

The  plan  on  which  M,  Laseaigne  operated  was  to  prepare  a  eola- 
tion of  pure  carbonic  add  by  agitating  at  a  temperature  of  50^  P. 
and  a  pressure  of  29*7  inches :  in  this  solution  chalk  reduced  to  a 

fine  powder  was  digested  for  twelve  hours. 

The  solution  ()l)tainecl  was  filtered  to  separate  the  excess  of  car- 
bonate of  lime,  and  was  perfectly  limpid ;  it  reddened  tincture  of 
litmus  slightly,  but  had  no  immeitiate  efiect  on  syrup  of  violets ;  but 
after  several  hours'  contact  the  solution  became  gradually  green. 
The  solution  when  treated  with  a  little  potash  became  immediately 
turbid,  and  deposited  white  flocculi  of  hydrated  carbonate  of  lime, 
which  soon  diminished  in  volume  by  losing  water,  and  were  con- 
verted into  a  white  jpowder,  which  partly  adhered  to  the  sides  of  the 
vessel ;  the  same  efirects  were  obtained  with  ammonia.  When  the 
solution  was  heated  it  became  turbid,  as  tiie  gas  was  expdled  by  the 
action  of  the  heat,  and  carbonate  of  lime  was  precipitated. 

It  was  found  by  experiment  that  the  carbonic  acid,  which  effected 
the  solution  of  the  carbonate  of  lime,  was  hve  times  greater  than 
that  which  existed  in  the  carbonate  of  lime  dissolved  at  50°. 

This  result  indicates  that  the  calcareous  salt  to  be  dissolved  in 
water  by  carbonic  acid,  is  directly  converted  into  sexticarbonate  of 
lime,  that  is  to  say,  into  a  compound  of  one  equivalent  of  lime  and 
six  equivalents  of  carbonic  acid,  which  would  give  CaO,  b'CO"asthe 
formula  of  the  soluble  salt.  M.  Lassaigue  thinks  it  prubabie  thut 
this  is  the  state  in  which  tihe  combination  exists  in  certain  spring 
waters  which  contain  it,  unless  it  be  regarded  as  a  bicarbonate  of 
lime,  rendered  soluble  by  four  equivalents  of  free  carbonic  acid« 
The  author  is,  however,  disj)Oi^ed  to  consider  the  first  hypothesis  as 
more  conformable  to  the  tlieory  of  the  saturation  of  metallic  oxides 
with  oxacids. 

In  operating  at  the  temperatures  of  50°  F.  and  83°  F.,  a  diflfor- 
ence  was  observed  in  the  solubility  oC  neutral  carbonate  ol  lime  in 

the  5rime  solution  of  carbonic  acid.  At  the  former  temperature,  a 
volume  of  the  saturated  water  dissolved  0  00088  of  its  weight  of 
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carbonate  of  lime,  while  an  equal  volume  at  32  dii76olved  only 
0*00070. 

This  decided  difllmiee  proves  then  that  the  solubility  of  carbofiate 

of  lime  in  water  iniprf  jrnated  with  carbonic  acid,  varies  with  the  tem- 
perature, at  least  ^vithin  the  limits  of  32°  and  50'  F  .  which  were 
those  at  which  the  experiments  were  made. — Journ,  de  Ch,  M^„ 
Fernet  1847. 


SOLUBIUTY  or  VBOSFUkTE  OF  LIMS  IH  WATER  SATURATED 
VKTH  CARBONIC  ACID.    BY  M.  LA88AIGHB. 

The  solution  of  ouboniti  add  em])loycd  in  thttM  ttperlmenta  wm 

saturated  at  the  tcmpernturc  of  3{f  F.»  and  at  a  pressure  of  29'9 
inches ;  the  phosphate  employed  was  left  in  the  solution  in  each  cfi«e 
during  twelve  hours ;  and  the  quantity  dissolved  was  a;<ccrtaincd  by 
evaporating  the  tame  volume  of  taoh  aolution  to  dryness  and  weigh* 
ing  the  residue. 

!•  pkupkete  ef  lime,  obtained  by  the  double  decompositioiL 
of  ri  ralcnreoua  aalt  end  «Jkeline  phosphate;  the  loiubility  wee 

0-000  7. ')0. 

2.  Fresh  bone,  a  piece  of  nearly  two  inches  long,  A^^dths  of  an 
kieh  wide,  and  i  ^^^^^^^*       :  Mlubility  0*000166* 

8.  Bom  ikimttrtd  after  about  twenty  years*  repoee  in  a  cemetery, 
Ibe  subsoil  of  which  was  sandy ;  solubility  O  OOOaOO. 

M.  Ln.«i«Fiif^ne  remnrk«<  that  these  facts  confirm  an  opinion  advanced 
by  M.  Dumas,  ili.u  [)  iin's  which  have  putFered  incipient  decomposi- 
tion in  the  eurtii,  atul  which  have  consequently  become  less  coherent, 
yield  m  larger  quantity  of  their  ealeareous  salts  to  water  saturated 
with  ciibonio  aeid,  than  fresh  bones  contaliiing  all  their  otganic 
mattsTi^owii  i$  Ch.  M4i.,  «lanvier  1847. 


CRY6TAUJZBD  B1I<B« 

M.  Verdeil  efltsets  the  crystattizatkm  of  bile  by  the  following  pro- 
cess : — BVesh  ox-bile  is  to  be  dried  by  the  water-bath,  and  the  residue 

is  to  be  treated  with  about  twenty  partes  of  absolute  alcohol.  By  this 
the  mucus  remains  insoluble,  whiljit  the  bilate  of  soda  rendilv  dis- 
solves. The  solution  is  to  be  Altered  and  treated  with  animal  char- 
coal to  decolorize  it;  aether  is  then  to  be  cautiously  added  to  it 
ttutil  it  begins  to  turn  milky,  and  is  then  to  remain  in  a  dosed  ves- 
ae).  Crystallization  occurs  after  some  time  t  the  bilate  is  then  de« 
popitcd  on  the  sides  of  the  ve«s?el  in  the  form  of  small  acicular  cry- 
stals in  concentric  groups.  In  twenty-four  hours  the  liquor  is  to  be 
poured  off;  and  the  crystals,  after  bein^  washed  with  lether  free 
ftom  alcohol,  are  to  be  dried  over  sulphunc  add. 

The  cr}'stals  thus  obtained  always  contain  a  little  common  salt ; 
from  this  they  are  freed  by  ))lacing  them  with  absolute  alcohol  in  a 
freezing  mixture :  this  salt  does  not  dissolve  under  these  drounw 
stances. 

Pure  bilate  of  soda  dri^d  fvt  212°  F.  yielded  by  uiiulysis — 
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Caibon    d9*84  59*77 

Hydrogen    8*73  8*80 

Azote   4*11  4-33 

Sulphur   8-78  3-89 

Oxygen    16  45  16  82 

Soda    7-09  6*89 


80*07 
9'90 


100  GO 

JOUTH. 


de  Pluirm.  et  de  Ch.,  Fevrier  1847. 


BIMOULAB  PBOFERTY  OT  GUN-COTTOir  MIXTUEB. 

Dr.  Draper  has  made  the  fbllowing  observatums  :>-4^tin«n  on 
cbemistry  have  known  for  a  long  time,  that  one  6f  tiie  best  methods 

of  illustrating  the  properties  of  carbonic  acid  gns,  is  to  evolve  it  from 
carbonate  of  ammonia  by  the  action  of  monohydrnfcd  nitric  acid. 
A  dense  white  fume  accompanies  the  gas,  and  marks  all  its  move- 
ments in  a  sbiking  mannef. 

Commercial  nitrie  add  faHs  to  pfodnce  the  same  effect.  It  aeti 
the  gas  free  in  an  invisible  state.  But  if  a  mixture  of  commercial 
nitric  acid  and  oil  of  vitriol  be  used,  then  the  dense  fume  is  at  once 
produced.  The  cxplanution  seems  to  be,  that  the  oil  of  vitrinl,  by 
retaining  water,  aiiowa  some  of  the  carbonate  of  ammonia  to  pubs 
off  with  the  carbonio  acid  fai  a  dry  state*  and  hence  gives  the  gas  a 
smoky  aspect. 

But  it  is  singular,  that  thongb  oil  of  vitriol  will  of  course  decom- 
pose carbonate  of  ammonia  very  lapidly,  the  gas  wbidi  esca|Ms  it 

transparent. 

Some  months  ago  Dr.  Eiict,  ui  ijouth  Caruliiia  College,  published 
a  process  for  preparing  gun-ootton*  which  is  onqaesdonaUy  the 
greatest  improvement  yet  made  in  the  preparatton  M  that  explodve 
substance.  His  plan  is  to  soak  cotton  in  a  mixture  of  oil  of  vitriol 
and  saltpetre,  and  then  wa.^h  it  thoroughly  from  the  adhering  salt. 
Now  if  this  mixture  of  oil  of  vitriol  and  saltpetre  be  made  to  net  on 
earbonate  of  ammonia,  like  monohydrated  nitric  acid,  or  common 
nitric  acid  mixed  with  sulphuric,  it  evolvea  caibonic  add  in  tha 
smoky  state. 


OK  THB  DEHYDRATfOlf  OF  SULPHATE  OFLlMl::  UNOEtt  YAAI0U8 


The  author  observes  that  it  is  well-known  that  sulphate  of  L'me 
which  i«  slowly  produced,  retains  its  water  of  combination  at  a  tem* 
perature  at  which  precipitated  siiljihRte  losses  it. 

Sulphate  of  lime. — This  salt  cuiiLuiiia  t«  u  equivalents  of  water, 
SO*.HO+CaO,  HO ;  according  to  Oraham  it  soiieiB  no  less  at 
212°  F.,  uiul  be  comes  anhydrous  at  266^.  The  general  results  ob- 
tained by  M.  Mdlon  effect  considerable  chanties  In  this  statement. 

Sulphate  of  lime,  of  whatever  form,  origin  or  mode  of  formation, 
always  suflfered  a  hrst  ima,  varying  from  la  to  17  per  cent.  This 
quantity  represents  1'5  equivalent  of  water :  its  eliminaticm  ie  jnbt* 


CIRCUMSTANCES.     BY  M.  M.  £.  MILLON. 
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fectly  decided,  and  cannot  be  confounded  '^vith  the  tolal  loss,  which 
varies  from  20  to  'i?  per  rent,  and  coi  rt  sjjonds  to  two  equivalents  of 
water.    The  following  aie  the  rcssults  of  experiments;— 

ArHfieUd  sulphate  of  lime,  prepared  by  precipitating  cold  wlutioiit 
of  sulphate  of  zinc  and  chloride  of  calcium  i  when  dried  over  lulplmrio 
acid  the  result  was  invariable.  By  exposure  for  six  hours  to  a  tem- 
perature of  176°  to  ISST.  it  lost  17  per  cent. ;  no  further  lo??  oc- 
curred by  exposure  fur  an  additional  hour  to  the  same  temperature ; 
when  rendered  perfectly  anhydrous  the  loss  was  22  per  cent. 

Ariifieiai  tulfiate  of  lime,  precipitated  from  mixed  boiling  adlatioBa 
of  sulphate  of  zinc  and  chloride  of  calcium  ;  dried  88  before,  the  lOM 
at  176'^  to  185^  F.  remained  invariably  nt  l.')-71  per  cent.;  when 
rendered  anhydrous  the  loss  was  20' 8  7  per  cent. 

Moistened  plaster  lost  at  the  above  temperatures  16*22  per  cent. ; 
rendered  anhydroua*  the  Ion  waa  90*39  per  cent. 

Precyntated  tulpkate  of  Kme,  diaaolved  in  hydrochloric  acid,  and 
crystallized  from  it. — ^By  fifteen  hours'  exposure  to  176^  up  to  185°, 
it  lost  no  weight,  and  none  occurred  till  the  temperature  readied 
221°  F.,  when  it  lost  15'38 percent.  The  same  heat  was  aftt  rw.uds 
continued  during  iuur  hours  without  further  loss,  llcudtrcd  aiihy- 
droQs*  the  loss  waa  20*78  per  cent. 

Arrow-headed  gypsum  from  MatUwutrtre. — ^This  suffered  no  loss  at 
17G''  to  iSo""  F. :  at  22^  it  amounted  to  15*37  per  cent,  and  the 
total  lo^s  Avas  20-78  per  cent. 

Fibrous  sulphate  of  lime. — In  fifteen  hours  lost  no  weight  at  185"F.; 
at  221**  the  loss  was  17'G0  per  cent. ;  it  was  afterwards  exposed  for 
twelve  hours  to  the  aame  temperature  with  scarcely  any  diminution ; 
the  total  loss  was  22*62  per  cent. 

Alabaster  from  Volterra. — Suffered  no  diminution  of  weight  by 
exposure  at  176°  to  185°  F.;  at  230'' F.  the  loss  waa  i5'61  per 
cent.;  several  hours'  continued  application  of  the  same  heat  occasioned 
no  fiuther  ^minution  of  weight ;  the  total  loss  was  20*83  per  cent. 

Sno»''whiie  gffpmm  {Gypse  m  nikfe). — ^Lost  no  weight  at  185*^.; 
at  238^  F.  it  was  15*57  per  cent.  No  further  diminution  occurred 
by  several  hours*  longer  exposure  to  this  heat.  The  total  loss  waa 
21*27  per  cent. 

Fibrous  gypsum  from  America. — iioet  no  weight  at  ibu  F.;  at 
230^  F.  lost  15-41  per  cent. ;  total  loss  20*59  per  cent. 

Prismatic  gypsum from  8it^, — No  diminution  of  weight  at  185^P.; 
at  230°  it  was  15'58  per  cent.,  and  the  total  loss  was  20*44  per  cent. 

It  appears,  therefore,  that  all  native  sulphates  of  lime  retain  their 
water  at  185°  F.,  and  do  not  lose  any  below  221°  to  236°.  Artificial 
sulphate  of  lime  crystallized  in  hydrochloric  acid  is  similarly  circum- 
atanced.  Artificial  sulphate  of  ]ime»  on  the  other  hand,  whether 
precipitated  hot  or  cold,  loses  three-fourths  of  the  water  at  176^  lO 
1 85°.  Moistened  plaster  is  also  dehydrated  at  this  lower  tempera- 
ture. 

It  will  be  observed  that  all  the  sulphates  of  lime  undergo  a  frac- 
tional loss  of  water,  and  that  the  second  state  of  hydration  ia  ex* 
pressed  by  (SO>)«,HO+SGaO. 
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The  last  fourth  of  the  water  of  liydration  goes  off  very  slowly,  if 
the  heat  be  not  raised  to  nenrly  400''  or  570**  F. ;  at  25 1°  to  393°  F. 
mere  trace?  of  water  nrc  scjiarated  in  severnl  hours.  This  resistance 
u  unquestionably  very  favourable  to  the  cuiciuation  of  plaster  intended 
for  tniildiiigt ;  it  prefmts  its  complete  dehydntioD,  even  at  a  someo 
what  higher  tempemtnre. 

M.  Millon  has  also  observed  that  anhydrates  which  contain  some 
hundredths  of  water,  lose  it  in  fractional  quantities ;  one  specimen 
lost  3*65  per  cent,  of  water.  The  first  loss  of  J- 89  per  cent,  occurred 
at  221^  F.;  the  remainder,  or  0'7G  per  cent,  of  water,  required  a 
higher  temperature  fur  its  expulsion.  On  examining  the  anhjdrate 
with  a  glass*  opake  portions  were  visible,  which  were  small  crystals 
of  the  trapezoidal  variety  of  sulphate  of  lime,  nnd  were  evidently 
formed  by  the  anhydrate  having  absorbed  moisture  from  the  atmo- 
sphere.— Arm,  de  Ckim.  et  de  Phys.,  Fevrier  1847. 


COFFEE  AS  AN  ANTIDOTE  TO  ACETATE  OF  MOBPRIA. 

An  invalid  took  at  one  dose  ten  grains  and  nearly  eight-tenths  of 
acetate  of  morphia;  thirty  giains  of  emetic  tartar  were  exhibited 
without  occasioning  vomiting ;  after  a  lapse  of  three  hours,  and  not 

till  then,  and  when  the  patient  was  perfectly  comatose,  a  strong  in- 
fusion of  coffee  with  the  grounds  was  given.  In  the  course  of  twelve 
hours  the  invalid  took  about  11^  ounces  of  coffee ;  the  coma  ceased 
and  he  recovered. 

Hiis  fact  proves,  among  a  hundred  others*  that  even  in  the  worst 
cases  of  poisoning,  the  medical  man  should  never  despair  of  the  re* 
covery  of  his  patient.  In  the  above- described  case,  in  spite  of  a  very 
strong  dose  of  poison,  and  notwithstanding  the  absence  of  all  assi (st- 
ance during  three  entire  hours,  and  although  it  was  impossible  to 
evacuate  any  portion  of  the  morphia,  the  patient  recovered.  If  a 
similar  accident  should  again  occur,vomiting  ought  to  be  immediately 
attempted ;  if  tltis  fntl  the  stomach-pump  should  be  employed, 
and  then  concentrated  coffee  should  be  administered. — Joum,  de 
Fharnu  et  de  Ch.,  Fevrier  1847. 


ON  THE  FORMATION  OF  CTLINORICAL  MASSES  OF  SNOW  IN 

OBKNSY, 

7h  Richard  Ti^lor,  Etq, 
Sandwick  Manse  by  Stmness,  Feb.  11, 1817. 

Mt  bkar  Sir, — A  curious  phaenomenon  in  this  parish  has  asto- 
nished and  perplexed  all,  and  filled  the  supcrf^titious  with  no  small 
degree  of  conhternation.  Since  the  Gth  inst.  we  have  had  hail-  or 
snow-showers,  on  the  9th  suow-drift,  and  yesterday  a  slight  thaw 
intii  frost  again  in  the  eveninjg. 

During  the  night  a  heavy  fall  of  snow  took  place  which  covered 
tfie  plahl  to  the  depth  of  several  inches.  Upon  this  pure  carpet  there 
re«t  thousand*  of  large  masses  of  snow  which  contrast  strangely  with 
its  Sim  n  t  h  SI)  1  face.  A  solitary  mass  may  be  seen  in  a  field,  but  in 
gcucroi  they  occur  la  patches  from  one  acre  to  a  hundred  in  extent, 

while  fhs  dusters  may  be  half  a  mils  asonder,  and  not  one  mass  to 
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be  seen  in  the  intcn'al.  These  fields  appear  at  n  distance  ns  if  cart- 
loiulsof  manure  had  been  scattered  overtliein  and  covered  with  snow 
but  on  ei^aQiinatiuu  the  mas2»e&  are  all  iuund  to  be  cylindrical,  likt 
hollow  fluted  rollers  or  ladies'  swan-down  muffs,  of  which  the  smaller 
ODM  remind  me,  ffom  their  %btneii  and  purity,  bat  most  of  the m 
are  of  much  greater  dimensions  and  weight  than  any  lady  would 
choose  to  carry,  the  larg-est  that  I  mcasun  i-l  being  3 J  feet  loni,'  and 
7  feet  in  circiunfertnee.  Tlie  weight  liowever  is  n^t  so  g^reat  as 
might  be  expected  i'ruin  the  bulk  ;  m  looae  ia  the  texture,  that  uuc 
near  this  house  which  was  brought  in  and  weighed,  was  found  to  be 
only  64  Iba.,  though  it  meaaured  3  feet  long  and  61  feet  in  oiicmn- 
fercnce.  The  centre  is  not  quite  hoUow*  but  in  all  thec^  ia  a  deep 
conical  cavity  at  each  end,  and  in  many  there  i?  a  small  openinL' 
through  which  one  can  see,  and  by  phicing  the  heatl  in  this  cavity  in 
the  bright  sun,  the  conceutric  structure  ot  the  cylinder  itt  quite  ap> 
parent  So  far  as  I  am  yet  informed^  they  do  not  occur  in  anj  of 
the  adjoining  pariahea,  and  tbey  are  limited  to  %  apace  of  aboot  five 
milea  long  and  one  broad,  lliey  may  occopy  about  400  acres  of 
thi",  and  I  cotnited  l^;}  cylinders  in  one  acre,  nut  an  nreratre  of  a 
hundred  would,  at  a  rough  computation,  yield  a  total  of  about 
40,000. 

Now  tiie  question  naturally  arises,  what  is  the  origin  of  these  bo> 
dlea  ?   I  befiere  the  firat  idea  waa  that  they  had  fallen  fnm  tbo 

elouds,  and  portended  aome  direful  calamity,  and  I  hear  an  opinion 
that  one  had  fallen  on  a  corn-ptack  and  l)een  broken  to  pieces.  It  la 
ft  pity  to  brinw  down  such  lofty  imaginations,  and  to  deprive  these 
cylinders  of  their  high  descent,  but  I  prefer  truth,  when  it  can  be 
dUeovered,  to  the  loftteat  tiieory.  I  murt  at  once,  then,  set  aside 
tiie  idea  that  tiiey  Ml  from  the  atmosphere  In  their  cylindriealfenn, 
as  the  iivt  one  I  examined  aatbfied  mc  that  its  symmetry  and  loose 
text\ire  mmt  have  been  Immediately  deatroyed  ott  comtog  in  rode 
contact  with  this  earth. 

Farther  observation  has  convinced  me  that  they  have  been  formed 
1^  the  wind  rolling  u]>  the  snow,  as  boys  form  large  snow-baUi. 
lliia  ia  proved  by  examination  of  the  Mies  ikewuehee  t  their  rooad 
form,  concentric  structure,  and  fluted  surface  all  abow  this  mode  of 
formation.  A^ain,  it  h  proved  by  tlieir  ptyftifion :  none  are  fcjiuid  on 
the  weatlicr  5*ide  of  hills  or  steep  eminences,  where  the  win?!  f'ovdd 
not  drive  theai  up,  nor  clo^e  to  leeward  of  any  wall  or  perpendicular 
bank  firom  which  they  seem  to  have  originated — the  neareet  well- 
formed  amaU  onea  being  60  yarda  to  leeward*  and  tlie  huge  oiiet 
100  yarda.  All  nearer  than  this  are  fragmenti  that  have  not  ^imu 

on  to  completion,  hnt  broken  down  In  their  pas?ng:c,  and  the  differ- 
cnt  portions  of  the  wreck  form  the  nuclri  of  others.  Many  how- 
ever are  found  blown  to  the  windward  side  of  walU  or  uvtr  the  lee 
«de  of  Imnks.  Indeed,  they  are  found  almost  exclusively  on  the 
leeward  aide  of  hillB  and  emineneea,  where  both  the  wind  and  decli* 
vity  assisted  in  rolling  them  along,  or  on  pUuna  id  expoaed  that  the 

wind  alone  open\tcd  without  the  deeli\ity. 

I  shtdl  oidy  add,  that  this  mode  of  formation  is  proved  by  the  di' 

rtction  in  which  these  cyUndtirg  Us.  The  wind  Im  beep  from  th^ 
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north  for  four  days,  and  I  believe  that  it  was  so  all  night,  when  T  -nn 
tolci  it  blew  strong.  Now  tlK-y  are  all  lyinf:^  with  their  enda  cast 
aud  west,  and  their  t^idt:  to  llie  wiud ;  and  fartlier,  iti  &oinii  caa^, 
their  tnwki  are  still  visible  in  the  saow  for  twenty  or  thirty  yard»  on 
their  north  side*  ixom  which  they  bare  gathered  u])  their  eoqoeQtrio 
coats  ;  and  I  understand  these  were  still  rr.ore  tvident  at  an  early 
hour  before  a  snow-shower  obliteratL-d  thc!!!  in  mnny  places. 

I  am,  bir,  yours  very  truly, 

Cha{II<£8  ClOUSTUN. 


MKTEOROLOGICAI^  OBSERVATIONS  FOR  FEB.  1B47. 
Cimwick. — Fvbruary  1.  Overcast.  'J.  Slight  snow.  3.  Cloudy.  4.  Cloudy: 
ftosty.  5.  Overcast.  6.  Slight  rain.  7.  Overcast :  snowing.  8.  Sharp  fifwt* 
snowing.  9.  Clear  and  fVosty  :  Intense  frost  at  night.  10.  Severe  froht :  snow, 
ing.  11.  Overcast:  slight  thaw  :  severe  frost.  I'J.  Intense  frost :  clear  :  severe 
ffOM,  13.  Clear  and  fmty.  14*  Rain,  \5,  Cloudy  :  boUterous.  16.  Over. 
ca<>t:  rain.  17.  Fine.  18.  Densely  clouded:  boisiterous.  19.  Rois^tcrous:  fine: 
clear  and  calm.  20,21.  Overcast :  fine.  22.  Hazy :  overcast.  SS.  Hazy  and 
cold.    'J4.  Dry  air:  cissr  SQil  ftmly*    14.  ttigbtbsas.  80.  Hnf*    fi7t  M. 

Cloudy  am!  cold. 

Mean  ictnpcrAture  uftht'  month   ,.   ^  I^  IO 

Mean  tampwrntura  of  Feb.  1846    4:>  -32 

MciUM  tin\j3erntitre  of  Feb.  for  the  last  twenty  ycar&    :i9  '55 

Awragu  amuuut  ol'  rain  in  Feb   1*61  inch. 

J9oiloii. — Feb.  1.  Cloudy:  snow  r.M.  2.  Cloudy:  snow  early  a.m.:  snow 
nearly  all  day.  3.  Cloudy  :  snow  p.m.  4.  Piru-.  5— 7.  Cloudy.  8 — 10.  Floe, 
11.  Cloudy:  snow  on  the  ground.  12.  Cloudy.  13.  Fine.  14.  Cloudy  :  rain 
early  a.m.  1  j.  Cloudy.  16.  Cloudy:  rain  early  a.m.  17.  Fine:  rain  early  a.m. 
18.  Fine :  rain  P.M.  19.  Stormy.  20—23.  Cloudy.  24.  Fine.  25.  Cloudy. 
26,  Cloudy  :  snow  early  a.m.    27.  Fine  :  wow  r.M.    28.  Fine  :  melted  snow. 

Sautlwick  Aianie.  Orknetf. — Feb.  1.  Snow :  clear,  %  Snow:  clear :  frost:  clear* 
3.  Bright :  thaw :  diinle.  4.  Damp :  driula.  5.  Sbowera :  Hgbtning.  8.  Hait- 
showers  ;  aurora.  7.  Hall.showers :  «now.showers  :  aurora.  8.  Siiow-showcrs  : 
aurora.  ».  Soaw.ilrifu  )0.  SiMt  i  Uiaw  i  ^w>m  i  AosU  1 1.  Deep  sqow  * :  saow, 
IS.  Deep  snow:  bright:  thowen:  thaw.  13.  Thaw;  rain.  14.  81•c^efaewm. 
15.  Cloudy :  showers.  16.  Sliowers.  17.  Showers :  rain.  18.  Showers.  19. 
Sbowtrs:  clear.  Cloudy :  nun.  HI,  Bright :  ihowvra.  82,  Bright :  clear : 
SUPOM:  large  halo.  SS.  Bright :  dear.  94.  Cloudy:  dtat :  aurora.  SS.  Ctesr  t 
fl«i|:cli»r.  Mr  Btighlimr.  S7.  Clser  i  «lo<idy*  S8i  Cleudy. 

ApiJegarlh  Miinu,  Dumfnei'ifnn:.— \\U  1.  Frost:  snow  lying  half  an  inch 
deep.  8.  Frost:  slight fhpwer  :  %now,  3.  Frost.  4«  Frost,  but  mild.  5.  Tbaart 
alight  rain.  «.  Thaw  t  fair.  7.  Vrott  i  dear  and  ine.  9,  rrovt,  hard.  9.  F'rait  t 

tf  ri  utLhln^  snow.     10.  Frost:  sprinkling  snow.      II.  Frot    fine    ckar.  12. 

Frost:  bpnnkling  saow.     13,  Frost  a.m.  :  rain  r,u,     14.  Thaw,  soft  and  fine. 

]  J.  Frost,  slight :  thaw  t  nin,  10— -18.  Bain.   19.  Rain  and  ilast:  flerea  wind. 

20.  Ilain  and  wind.    81.  Fair  and  fine:  thruvh  singing.    22.  Kain  early  a.»i.  : 

cleared.  Slight  hoar-frost :  clear.     84,  Frost ;  (l«ar  »ud  bright  sun,  85, 

Hoai^-0rMl.   f  8,  27.  Frost.   28.  Front  i  clesr  sn4  <nt. 

Mean  ttu]|)t.ratijrv  of  the  month   .•„«,.,««..•««,•«.•<••.**««•>  36^*25 

M«an  temperature  of  Feb.  164^   43  '4 

Vcsa  teqipsfStttt*  of  Feb.  for  tw«nty-five  ye«r»   97  *8 

Mc«a  rttn  In  Feb,  fbr  twenty  yceri  .,„.,. i  «  9  ia«lics. 


*  Thin  morning  the  inuw  in  many  places  Is  foutul  rolled  up  in  hollow  fluted 
cylinders,  the  large»tof  which  nwasures  d|  feet  long  and  7  feet  in  circumfertnct « 
ene  wUch  locsmiici  S  Ihct  by  j)|  wdgfa*  94  lbs. 
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MA  Y  1847. 


XLVIIL  On  the  Knowledge  of  Disiance  given  hif  Binoet^r 
Fisian,  By  Sir  Datio  Brbwstbr,  JLH^  D*C,L^  F.RJS^f 
and  F.P.B,&  Bdinb.* 

[With  a  Hate.] 

IN  anal^fsing  Mr.  Wheatstone's  beautiful  discovery,  that  in 
binocular  vision  we  see  all  objects  of  three  dimensions  bj 
means  of  two  dissimilar  pictures  on  the  retina,  I  trust  I  have 
proved  that  the  tlissiniilarity  of  these  two  pictures  is  in  no 
respect  the  cause  of  our  vivid  jK-rception  ofsucii  objects,  but, 
on  the  contrary,  an  unavoidable  accompaniment  of  liinocular 
vision,  which  renders  it  less  perfect  tiian  vision  with  one  cyef. 
On  the  other  hand,  it  is  quite  true  that,  in  Mr.  Wheatstone's 
experiment  of  producing  the  perception  of  objects  of  three 
dimensions  by  the  apparent  coalescence  of  two  dissimilar 
representations  of  such  objects  in  plano^  the  dissimilarity  of 
the  pictures  is  necessary  in  the  exhibition  of  that  beautiful 
phcenomenon. 

In  performing  with  the  eye  nlone,  the  various  experiineius 
detailed  in  a  former  paper I  was  very  much  struck  with  liie 
fact,  that  the  apparent  solid  figure,  produced  by  the  union  of 
its  dissimilar  pictures,  never  took  its  right  position  in  absolute 
space;  that  ls»  in  place  of  appearing  suspended  between  the 
eye  and  Che  plane  upon  which  the  dissimilar  figures  were 
drawn,  the  base  of  the  solid  seemed  to  rest  on  that  plane^ 
whether  its  apex  was  nearer  the  eye  or  more  remote  than  its 
component  plane  figures. 

With  the  view  of  finding  ifie  cause  of  this,  I  placed  the 
component  figures  on  a  plate  of  glass  suspended  in  the  air,  sci 
as  to  have  no  vision  of  the  surface  on  which  they  rented,  and 

*  Read  at  the  Royal  Society  of  £aijibui|s^i  April  15, 18^4.   See  ibeir 
Tran5(!iction8,  vol.  xv,  p.  Oti3. 
f  See  this  Joaitial  for  Maj  and  Jane  1844,  vol.  xiuv.  pn.  356, 499. 
t  Ibid. 
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after  uniting  these  figures  by  binocuhu  viiioii,  and  concealing 
llie  two  outstanding  single  figures,  I  obtained  results  which, 
tbongb  not  entirely  eatis&ciory,  proved  lliat  there  exirtea 
some  disturbing  cause  which  prevented  the  united  image  from 
placing  itself  in  the  binocular  eentre^  or  the  interaectionof  the 
optical  axes.  This  disturbing  causa  wis  nmply  the  faiflnence 
of  other  objects  in  the  same  field  of  view,  whose  distance  wae 
known  lo  the  observer. 

In  order  lo  avoid  all  snch  influences,  and  to  study  the  sub- 
ject under  a  more  general  ai»pect,  it  occurred  to  me  that  these 
objects  would  be  gained  by  using  a  numerous  series  of  plane 
figures,  such  as  those  of  flowers  or  geometrical  patterns  upon 
carpets  or  paper-hangings.  These  figures  being  always  at 
equal  distances  from  eadi  other,  and  afanost  perfectly  equal 
and  similar^  the  coalescenoe  of  any  pair  of  them,  by  directing 
the  c>ptic  axes  to  a  point  between  the  paper-hangings  and  the 
eye,  is  accompanieu  with  the  coalescence  of  every  other  pair. 
When  the  obeerveTj  therefore,  places  himself  in  fipont  of  that 
side  of  a  papered  room  in  which  there  are  neither  doors  nor 
windows,  and  conceals  from  his  eye  the  floor,  the  roof,  and 
the  right  and  left-hand  sides  of  the  l  ooni,  the  whole  of  his 
retina  will  be  covered  with  the  images  ot  tlu  united  plane 
figures,  and  there  will  be  no  interposing  objeeu  to  prevent 
him  fiout  ju(ii|;iijig  ut  litc  distance  of  the  picture  that  may  be 
presented  to  him. 

I^t  the  observer  therefore  now  plaoe  himself  three  feet  la 
front  of  the  papered  wall,  and  unite  two  of  the  fi^ur^  sop- 
pose  two  flowersi  at  the  distance  of  iwdfie  inches.  The  whoU 
wall  will  now  be  presented  to  his  view*  consisting  of  flowers 
as  before,  but  each  flower  will  be  composed  of  two  flowers 
superimposed  at  the  binocular  centre,  or  the  poifU  of  conver- 
gence of  the  optical  axes.  If  we  call  D  the  liistatice  of  the 
eyes  from  the  wall  or  three  feet,  C  the  distance  between  the 
eyes  or  two-and-half  inches,  and  d  the  distance  between  the 
ftiuiilur  i>arts  of  the  two  Oowerij,  we  shall  huve  x  the  distance 

of  the  binocular  centre  from  the  wally  g^  -^^^^  as  SO  inches 

nearly,  and  D^^jmO  inches,  the  distance  of  the  ImiQinkr 
oentre  from  the  middle  point  lietween  the  two  eyes. 

Hence  the  whole  papered  wall,  with  all  iu  flowery  in  place 
of  being  seeUi  as  in  ordinary  vision,  at  the  distance  of  three 
feet,  is  now  nupended  in  the  air,  at  the  dietance  of  six  inches 
Jrom  the  observer.  In  maintaining  this  view  of  the  wall,  the  eye 
will  at  first  'experience  n  dr-nc:reeable  -"^cnsruiofi  ;  Inil  utter  a 
few  experiments  the  sensation  will  di'^-.ipjirar,  and  the  ()!>server 
WiU  i;giHeinpiate  the  new  picture  with  the  t^me  satisiaciioa 
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and  absence  of  all  strain  m  if  he  were  looking  directly  at  the 
wall  itself;  for  there  is  a  natural  tendency  in  the  eye??  to  unite 
two  siinil  It  pictures,  aud  to  keep  them  united,  provided  tiiey 
are  not  luu  distant. 

When  this  picture  is  at  first  seized  the  observeffa  he  does 
ool  for  a  while  decide  upoa  its  distance  vom  himself.  It  some- 
times  appears  to  advance  from  the  wall  to  its  true  position  in 
the  bbocnlar  centre,  and  when  it  has  taken  its  phice»  it  has  a 
verjr  extraordinary  character : — the  surface  seems  sUghtly  con- 
vex towards  the  eye;  it  has  a  sort  of  silvery  transparent 
aspect,  and  looks  more  bciiutiful  than  the  real  paper  :  it  moves 
with  the  slightest  motion  of  the  head,  either  laterally  or  to  or 
from  the  wall.  If  the  observer,  who  is  now  three  feet  from 
the  wall,  retires  from  it,  the  suspeiulud  wall  of  flowers  will 
foiluw  ItiiUf  iiiuving  further  aud  lunhci  iioui  the  real  wail,  and 
also,  but  ver^'  slightly*  further  and  further  from  the  observer ; 
that  i%  tlie  distance  dTthe  observer  from  the  real  wall  incrasee 
ftster  tiian  the  distance  of  the  suspended  wall  from  it»  accord- 
ing to  the  bw  expressed  by  the  preceding  fbrmola.  The 
binocnlar  centre,  therefor^  recedes  from  the  ejre  as  the  ob- 
server retires,  and  the  straui  consequently  diminishes. 

In  order  to  observe  these  pheenomena  in  the  most  perfect 
manner,  the  paper  t^hould  be  pasted  upon  a  large  screen, 
previously  unseen  by  the  observer,  unconnected  with  the  roof 
or  the  floor,  and  placed  in  a  larnrc  apartment.  The  deception 
will  then  be  complete  ;  and  vv  iien  the  picture  stands  suspended 
before  the  observer,  and  within  a  few  inches  of  himself,  lie  may 
stretch  out  hie  hand  and  pUce  it  on  the  other  side  of  the  pio- 
tnrs^  and  even  hold  a  candle  on  the  other  side  of  it»  so  as  to 
latid^  himself  that  m  both  cases  the  pIctnvB  is  between  his 
hand  and  himself* 

When  we  survey  this  picture  with  attention^  several  very 
curious  phenomena  present  themselves.  Some  of  the  flowers, 
when  narrowly  examined,  appear  somewhat  like  real  flowers. 
In  some  the  stalk  gradually  retires  tVum  the  general  plane  of 
the  picture:  in  others  it  rises  above  it:  one  leaf  will  come 
furtiter  out  liian  another,  or  liie  flower  will  appear  thicker  and 
more  solid,  deviating  considerably  from  the  plane  representa- 
tion of  it  seen  by  each  eye  separately.  All  this  arises  from 
slight  and  accidental  irregularities  in  the  two  fimires  which 
are  united,  dius  producing  an  approximation  to  three  dimen- 
sions in  the  picture*  If  the  distance,  for  example^  of  the  ends 
of  two  stalks  in  two  coalescing  (lowers  is  greater  than  the 
distance  of  corresponding  points  in  other  parts  -of  the  stalk, 
the  end  of  the  stalk  will  rise  froni  tfii-    'nr  ral  surface  of  the 

iumre.  and  vk€  versa.   In  like  mauuer.  U  the  di&tance  between 

Y2 
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two  corresponding  leaves  is  greater  than  the  distance  between 
other  two  corresponding  leaves,  then  the  two  first,  when 
united,  will  appear  nearer  the  eye  than  the  other  two,  and 
hence  tiie  appearance  of  a  solid  (lower  is  pai  Liully  given  to  tlie 
combination.  These  effects  are  better  seen  in  old  and  imper* 
fectly  made  paper-hangings,  than  in  those  which  are  more 
careniUy  ezecnted. 

In  continuing  oar  rar^ej  of  the  suspended  ImagCi  another 
curious  phsBUomenon  presents  itself :  a  part  of  one  of  the 
pieces  of  paper,  and  sometimes  a  whole  stripe  from  the  roof 
to  Uie  floor,  will  retire  behind  the  general  plane  of  the  image, 
or  rise  above  it;  thus  displaying,  on  n  lartje  scale,  an  imper- 
fection in  the  workmanship  which  it  wouid  Imve  rccjiiired  a 
very  narrow  in'.neciion  to  discover.  This  defect  nrises  from 
the  paper-hniii^ci  havinir  cut  off  too  much  of  the  wiiite  margin 
of  one  oi  uioi  c  ol  die  atljoiiiing  pieces,  so  that  when  the  two 
halves  of  a  flower  are  united,  part  of  the  middle  of  tlie  flower 
is  left  oot;  and  hence  when  this  defective  flower  it  united  with 
the  one  on  the  right-hand  of  it,  and  the  one  on  the  left-hand 
nnited  with  the  defective  one,  the  united  or  correnMinding 
portion,  lieing  at  a  less  distance,  will  appear  further  from  the 
eye  than  those  parts  of  the  suspended  image  oomposed  of 
complete  flowers.  In  like  manner,  if  the  two  portions  of  the 
flowers  nre  not  brought  together,  but  separated  by  a  small 
space,  tlio  opposite  elfoct  will  be  produceil.  Tliis  will  be 
understood  from  fig.  1,  Plate  VI.,  where  M  N,  O  P  represent 
portions  of  two  separate  pieces  of  paper,  each  twenty-one 
inches  wide.  In  this  specimen,  there  are  only  two  flowers  in 
each  piece,  namely  one  white  flower,  A  or  B,  and  two  halves* 
If  the  two  halves  Ci  D,  are  united  as  in  the  figure,  it  is  ob* 
vions  that  the  flower  is  incomplete,  a  part  of  the  central  circle 
of  the  corolla  having  been  cut  off  from  each  half.  If  we  now, 
by  straining  the  eye,  unite  C  D  with  B,  and  also  with  A,  then 
at  the  same  time  £  will  be  united  with  the  second  or  lefl-hand 
image  of  A,  and  G  with  the  second  or  right-hand  image  of 
B.  Uiit  ^-ince  a  ])iece  has  been  c  ut  oin  of  C  D,  the  half  4?  a  of 
A  is  nearer  the  iialf  D  D  than  tlie  oiher  iialf  a  a  is  to  the  other 
half  C  C;  and,  in  like  manner,  the  half  hb  of  B  is  nearer  the 
half  CC  than  liie  other  iiall  p  p  is  lo  ihe  odier  half  i)  ii. 
Hence,  when  the  strained  eyes  unite  a  a  to  D  D,  the  binocu« 
lar  centre  is  more  remote  than  when  a  a  Is  united  to  C»  and 
the  same  is  true  of  the  other  halves ;  consequently,  the  halves 
D  D  and  bh  must  appear,  as  it  were^  sunk  in  the  wall,  or  as 
further  removed  from  the  observer ;  and  if  the  defective  out* 
tiug  exists  along  the  line  R  S  from  the  floor  to  the  ceiling 
the  whole  stripe  of  paper  between  R  S  and  O  P»  iroin  the 
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floor  to  the  ceiling,  will  appear  sunk  in  the  papered  wslL 
But  if  the  defect  is  confined  to  a  portion  only  oi  the  flowers, 
then  a  rectangular  spnce  of  the  breadth  R  O,  nnd  of  a  Iieight 
etjual  to  the  (lefecilvc  portion,  will  appear  sunk  in  the  pnper. 
If  every  juiu  iioii  has  the  snmc  ilf  feet  as  that  at  R  S,  tlien  the 
whole  will  appear  Lo  consist  of  eijual  stripes,  every  alternate 
one  being  raised  and  the  other  depressed. 

In  the  preceding  example,  there  are  only  two  flowers  in  a 
breidcli,  and  their  ditttnce  k  10^  inches,  which  is  also  the 
bvsadth  of  the  snnk  stripes.   But  if  the  flowers  are  three  or 

2i  21 

lour  in  number,  and  their  distance  ~,  -r-  inches,  the  sunk 

9  m 

stripes  will  vary  according  as  we  onite  two  flowers  whose 
distances  arc  in  the  one  case  7  or  14  inches,  and  5\  or  10| 
or  16|  or  21  in  the  other.  Calling  B  the  breadth  of  the 
paper,  n  the  numlier  of  flowers  or  figures  in  that  breadth,  and 

B  2B 

W  the  width  of  the  sunk  stripe,  then  we  have  Was—  or  — 

3B 

or  —  according  as  we  unite  the  two  nearest,  or  the  first  and 

second  flower,  the  first  and  tliiid,  or  the  lirst  and  fourth. 
A\  hen  the  sunk  siiipes  will  cover  the  whole  paper, 

unii  all  lliL  flowers  will  lie  in  the  bUine  plane. 

Tiiebc  results  aiibrd  an  accurate  method  of  exainining  and 
discoTcring  defects  in  the  workmanship  of  paper-hangers, 
carpefeHDanrs,  painters,  and  other  artists  whose  profession  it 
is  to  combine  a  series  of  similar  patterns  in  order  to  form  a 
uniform  and  ornamental  surface.  The  smallest  defect  in  the 
similari^  and  equality  in  the  figures  or  lines  which  compose 
a  pattern,  and  any  difference  in  the  distance  of  the  single 
figures,  is  instantly  detected  ;  and  what  Is  remarkable,  a  .small 
inequality  of  distnnre  in  a  line  perpendicular  to  the  axis  of 
vibion,  or  in  une  dimension  of  space,  is  exhibited  in  a  magni- 
fied form  as  a  distance  couictdent  with  the  axis  of  vision,  and 
in  an  oppoi»ite  dimension  of  space  ! 

At  tne  commencement  of  this  class  of  experiments,  it  is 
difficult  to  realiasi  and  very  easy  to  dttsolve,  the  singular 
binocular  picture  which  we  have  been  describing ;  but  after  the 
eyes  have  DMn  drilled  For  a  while  to  this  species  of  exercise 
the  pictures  become  very  persistent.  Although  the  air-sus- 
pended image  might  be  expected  to  disappear  after  clmins 
one  eye,  and  still  more  after  having  closed  and  re-opened 
both,  yet  I  hnve  found  it  in  its  original  position  in  this  latter 
case,  and  even  after  rubbing  my  eyes  and  shaking  my  head; 
and  I  have  sometimes  experienced  a  diihculty  in  ascertaining^ 
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after  these  operations,  whether  it  was  the  real  or  the  air-ens* 
pended  wall  that  was  before  me.  On  some  oecasions  a  sin-' 
gulor  effect  was  produced.   When  the  flowers  on  the  paper 

are  distant  six  inches,  we  may  either  unite  two  six  inches 
distant,  or  two  twelve  inches  distant.  In  the  latter  case,  when 
the  eyes  have  been  accustomed  to  survey  ilie  suspended  pic- 
ture, I  have  found  that,  after  shutting  and  opening  tiiein,  I 
neither  saw  the  picture  formed  tlie  two  flowers  twelve 
inehet  distant^  nor  the  papered  wall  itself*  bat  a  picture  fbrined 
by  uniting  the  flowers  six  inches  distant  I  The  binocular 
centre  had  shifted  its  place;  and  instead  of  advancing  to  the 
wall,  as  is  generally  the  case,  and  giving  us  ordinary  vision  of 
it,  it  advanced  exactly  as  much  as  to  unite  the  nearest  flowers, 
just  as  on  a  ratchet  wheel  the  detent  slips  over  one  tooth  at  a 
time;  or,  to  speak  more  correctly,  tlie  binocular  centre  ad- 
vanced in  order  to  relieve  the  eyes  from  their  strain,  and  when 
the  eyes  were  opened,  it  liad  just  reached  that  point  which 
corresponded  with  the  union  of  the  flowers  six  inches  distant. 

In  tne  construction  of  complex  geometrical  diagrams  con- 
sisting only  of  fine  lines,  and  in  which  dmilar  figures  are 
repeated  at  equal  distances,  it  is  very  difficult  to  attam  minute 
accuracy.  Toe  points  of  the  compasses  sink  to  different 
depths  m  the  paper,  and  the  lines  which  join  such  points  sel- 
dom pass  through  their  centre'^.  Hence  arises  a  general 
inaccuracy  which  the  eye  cannot  detect;  but  if  we  examine 
such  diagrams  by  strained  binocular  vision,  their  imperfections 
will  be  instantly  displayed.  Some  j)arts  will  rise  higher  tliaii 
otiiers  above  the  general  level,  and  the  whole  will  appear  like 
levaral  cobwebs  plaoed  at  the  distance  of  a  tenth  or  a  twelfth 
of  an  inch  behind  each  other*. 

In  all  the  experiments  made  by  Mr.  Wheatstone  by  the 
steoroscope,  andfin  those  described  in  my  former  paper,  the 
dissimilar  figures  are  viewed  in  a  direction  perpendicular  to 
the  plane  on  which  they  are  drawn.  A  series  of  very  interest- 
ing results  however  are  obtained  by  uniting  the  images  of  lines 
meeting  at  an  angular  point,  when  the  eye  is  placed  at  diiFer- 
ent  heights  above  the  plane  ol  die  paper,  and  at  diflerent 
distances  from  the  angular  point. 

Let  AC,  BC  be  two  lines  meeting  at  Q,  the  plane  passing 
throuffh  them  being  the  plane  of  the  paper,  and  let  them  be 
view^  by  the  eyes  at  £"',  E",  E  at  diflerent  heights  in  a 
plane  G  M  N  perpendicular  to  the  plane  of  the  paper.  Let  R 
be  the  right  eye  and  L  the  left  eye^  and  when  at  £"Met  them 

*  This  effect  is  finely  seen  in  the  iliagraiu  of  tlie  Iloniogencoiis  Curve, 
which  femu  plate  9.  of  Mr.  Hay>  work  *<  On  the  Hfirmony  of  Form." 
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be  strained  so  as  to  unite  the  points  A,  B.  The  united  image 
of  these  poiiiu  will  be  seen  at  the  binocular  centre  D"',  and 
the  united  lines  AC,  BC  will  iiuve  the  position  D'"C.  In  like 
manoer,  when  the  eve  descends  to  E'^',  £',  £,  the  united  image 
I>"C  will  rUe  and  mnfmsb,  taking  the  potitions  J^Q,  C, 
DC  till  it  disap|)ears  on  the  line  CM,  when  the  eyea  readk 
M«  If  the  eye  deviates  from  the  Tertical  plane  GMN  the 
united  image  will  also  deviate  from  ity  end  is  always  in  a  plane 
passing  through  the  eye  and  the  line  GM. 

11" at  any  altitude  EM  the  eye  advances  towards  ACB  in 
the  line  EG,  tfic  binocular  centre  D  will  also  advance  towards 
ACB  in  the  line  EG,  and  the  imafje  DC  will  rise  and  become 
shorter  as  its  extremity  D  moves  along  DG,  and  alter  passing 
the  perpendicular  to  GE  it  will  increase  in  length.  If  the 
eve>  on  the  other  hand,  lecedeb  tiutn  ACB  in  the  line  GE, 
the  binocular  centre  D  will  idso  recede,  and  the  inagie  DC 
will  descend  to  the  plane  CM  and  Increase  in  length. 

Thepreoeduig  diagram  is,  for  the  purpose  of  tllnstntioUy 
drawn  m  a  sort  of  perspective,  and  therefore  does  not  give 
the  true  positioos  and  lengths  of  the  united  images.  This 
defect  however  is  remedied  in  fig.  8,  where  E,  E',  E",  E'"  is 
the  middle  point  between  the  two  eyes,  the  plane  G  M  N  being, 
as  belore,  pi  rpendicular  to  the  phme  passing  throiii^h  ACB. 
Kow,  as  the  distance  ot  ihe  eye  froni  G  is  suppuxni  to  be  the 
same,  and  as  A  B  is  invariable  as  well  as  the  distunir  between 
the  eyes,  ihc  distance  ol  die  binocular  centres  O,  D,  D',  D", 
D''',  r,  from  G  will  also  be  invariable,  and  lie  in  a  circle  ODP 
whose  centre  is  O,  and  whose  radius  is  GO*  the  point  O  being 

determined  by  the  formula  GO=:GD=  yjft^R^*  Hence» 

in  order  to  find  the  bmocnkur  centres  D,  D^»  D'',  D^^',  &c  at 
any  altitude  £»  Ac,  we  have  only  to  join  EG,  E'G,  &c. 
and  the  points  of  intersection  D,  D',  8:c.  will  be  the  binocular 
centres,  and  the  lines  DC,  D'C,  &c.  drawn  to  C,  will  be  the 
real  lengths  and  inclinations  of  the  united  images  of  the  lines 

AC,  ua 

When  GO  is  greater  than  GC  there  is  obviously  some 
angle  A,  or  E''GM  at  whicii  1^0  is  perpendicular  to  GC. 

G  C 

This  takes  place  when  cos  Ab  ^^r.  When  O  coinddes  with 

C,  the  images  CD,  CD,  will  iiave  the  same  positions 
and  magnitudes  as  the  chords  of  the  altltodes  A  of  the  eyes 
above  the  plane  G  C.  In  this  case^  the  raised  or  united  images 
will  just  reach  the  perpendicular  when  the  eye  is  in  the  plane 
OCM,  forsinoe  GC»GO,  cos  A=l,  and  AsC(°. 
When  the  eye  at  any  positioni  W  for  example,  sees  the 
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points  A  and  B  united  at  D",  it  sees  also  the  whole  lines  AC, 
IjC  iorming  the  image  D"C.  The  binocular  centre  must 
therefore  ruii  rapidly  along  the  line  D"C ;  that  is,  the  indina- 
lion  of  the  optic  axis  must  gradually  diminish  all  ihe  binocular 
centre  reaches  G,  when  allstrain is  removed.  The  vbion  of 
the  image  D^Q  however,  is  carried  on  so  rapidly,  that  the 
binocttlar  centre  returns  to  D"  without  the  eve  being  sensible 
of  the  removal  and  resumption  of  the  strain  which  is  required 
in  maintaining  a  view  of  t!ic  united  image  D"C. 

If  we  now  suppose  A  B  to  diminish,  the  binocular  centre 
will  advance  towards  G,  and  the  length  and  inclination  of  the 
united  images  D  C,  IV  C,  &c.  will  diminish  also,  aiul  vice 
versa.  If  ihe  <!ir,Laiice  R  L  (fig.  2)  between  the  eyes  diminislics, 
the  buioculai-  centre  will  retire  towards  E,  and  the  length  and 
inclination  of  the  images  will  inciease.  Hence  persons  with 
eves  more  or  less  distant  will  see  the  united  images  in  different 
places  and  of  diflerent  sizes,  though  the  quantities  A  and  A  B 
be  invariable. 

While  the  eyes  at  £"  are  running  alon^  the  lines  A  C,  B  Q 
let  us  suppose  tliem  to  rest  upon  the  pomts  a,  b  ec|uidisUnt 

from  C.  Join  a  and  from  the  point  ff,  where  a  b  mtersects 
O  C,  draw  the  line  g  E%  and  find  the  point     from  the 

formula  ^d''=^^-j-j^.   Hence  the  two  points  ab  will  be 

united  at  d'\  and  when  the  angle  E"  G  C  is  such  that  the  line 
joining  D  and  C  is  perpendicular  to  G  C,  the  line  joining 
rf"  C  will  also  be  perpendicular  to  G  C,  the  loci  of  the  points 
D"  d!  d  will  be  in  that  perpendicular,  and  the  image  D  C, 
seen  by  buccebbive  niovenienLb  oi  the  binucultu  centre  from  D" 
to  Q  will  be  a  straight  line. 

^  In  the  preceding  observations  we  have  supposed  that  the 
binocular  centre  &c.  is  between  the  eye  and  the  lines 
AC»  BC;  but  the  points  A,  and  all  the  other  points  of 
these  lines,  may  be  united  by  fixing  the  binocular  centre 
beyond  A  B.  Let  the  eyes,  for  example,  be  nt  E" ;  then  if 
we  unite  A  B  when  the  eyes  convei^  to  a  point*  A"  (not  seen 

in  the  figure),  beyond  G,  we  shall  have  O  ^^~^L~XB^* 

and  if  wc  join  the  point  A"  thus  found  and  C,  the  line  A' C 
will  be  tlie  united  unage  of  A  C  ami  H  C,  the  binocular  centre 
ranging  from  A"  to  C,  in  order  to  bcc  it  as  one  line.  In  like 
manner,  we  may  find  die  position  and  length  of  the  image 
A"'  C,  A'  C,  and  A  C  corresponding  to  the  position  of  the  eyes 
at  £  and  £•  Hence  all  the  united  images  of  A  Q  B 
vuK.  C  A"',  C  A",  &c.,  will  lie  bdow  the  plane  of  A  BC*  and 
extend  beyond  a  vertical  line  N  B  continued ;  and  they  will 
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grow  lafger  and  larger,  and  approximate  in  direcdoQ  to  C  6 

tbe  eyes  descend  from  to  M.  When  the  eyes  are  near 
to  My  and  a  little  above  the  plane  of  A  B  the  line,  wheo 
not  carefully  observed,  will  have  the  appearance  of  coincidiag 
with  C  G,  but  stretclnng  a  great  wny  beyoiul  G.  This  extreme 
case  represents  the  celebrated  experiment  with  the  compasses, 
described  by  Dr.  JSmith,  and  i  eiei  red  to  bv  Professor  Wheat- 
stone.  He  took  n  pair  of  compasses,  which  may  be  repre- 
sented liy  A  C  B,  A  B  being  their  points,  A  C  B  C  their  legs, 
and  C  their  joint;  uud  having  placed  iiis  eves  about  E  above 
their  planei  he  made  the  IbfiimiDg  expenoieiit  Having 

rued  the  points  of  a  pair  of  compasses  somewhat  wider  than 
interral  of  yoor  eyes,  with  your  arm  extended,  hold  the 
head  or  joint  in  the  ball  of  your  hand  with  the  points  out- 
wards, and  equidistant  from  your  eyes»  and  somewhat  higher 
than  the  joint.  Then,^^i>i^  ^our  eyes  upon  any  remote  Sgect 
lying  in  llie  plane  that  bisects  the  interval  of  the  points,  you 
will  first  perceive  two  pair  of  compasses  (each  by  bcini]r  doubled 
with  their  inner  legs  crossing  each  other,  not  unlike  the  old 
I  ^  shape  of  the  letter  W).    But  by  compressing  the  legs  with 

your  hand,  the  two  inner  points  will  come  nearer  to  each 
other;  und  wiien  liiey  unite  (iiaving stopped  the  compression), 
the  two  inner  J  ego  will  also  entirely  coincide  and  bisect  the 
angle  under  the  outward  ones,  and  will  appear  more  vivid, 
thicker  and  ]arger»  than  they  dc^  so  as  to  reach  from  your 
hand  to  tbe  remotest  object  in  view  even  in  the  horizon  itself 
if  the  points  be  exactly  coincident*."  Owing  to  his  imperfect 
appreheni^ion  of  the  nature  of  this  phoenomcnon.  Dr.  Smith 
has  omitted  to  notice  that  the  united  legs  of  the  compasses  lie 
i*  below  the  plane  of  ABC,  and  that  they  never  can  extend 

further  than  the  binocular  centre  at  which  their  pouits  A  aud 
B  are  united. 

There  is  another  variation  of  these  experiments  which 
pasae^aes  some  interest,  in  consequence  ui  lUcxUcmecnat  huvlng 
oeen  made  the  basis  of  a  new  theory  of  visible  direction  by 
the  late  Dr,  Welisf .  Iict  us  suppose  the  eyes  of  the  observer 
to  advance  from  £  to  N,  and  to  descend  along  the  opposite 

aoadrant  on  the  left-band  of  N  G,  but  not  drawn  in  fig.  3, 
ben  the  united  image  of  A  C|  B  C  will  gradually  descend 
towards  C  G,  and  become  larger  and  larger.  When  the  eyes 
are  a  very  little  above  the  plane  of  ABC,  and  so  far  to  the 
left-hand  of  A  B  that  C  A  points  nearly  to  the  left  eye  and 
C  B  to  the  right  eye,  then  we  have  the  circumstances  under 
which  Dr.  Wells  made  the  following  experiment  J—"  It  we 

•  Smith's  Optics,  vol.  ii.  p.  §  9//.  # 
f  Ei»iay  on  Single  Vision,  &c.,  p.  44.  ^ 
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hold  two  thin  raiei  in  such  a  manner  that  their  afatfp  edgei 

(A  C,  B  C  in  6g.  5)  shall  be  in  the  optic  axes,  one  in  each, 
or  rather  a  little  below  them,  the  two  edges  mU  be  seem  umted 

in  the  cotnmojt  axis  (G  C  in  fig.  3) ;  and  this  apparent  edge 
will  seem  of  the  snme  length  with  that  of  either  of  the  real 
edges,  when  seen  alone  by  llie  eye  in  the  axis  of  which  it  is 
placed."  This  experiment,  it  will  be  seen,  is  the  same  with 
that  of  bniitli,  with  this  difference  only,  that  the  points  of 
the  compasses  are  diiecttd  towards  tlie  eyes.  Like  Dr.  Sinitli, 
he  has  omitted  to  notice  that  the  united  image  rises  above 
G  H,  and  he  commlta  the  opposite  error  of  J>r*  Sn^i  in 
making  the  length  of  the  united  image  too  short. 

If  in  this  form  of  the  experiment  we  fix  the  binocokir  centre 
b^ond  C,  then  the  united  images  of  AC,  B  C  descend  below 
G  C»  and  vary  in  their  length  and  in  their  inclination  to  G  C, 
according  to  the  lieiLrht  of  the  eye  above  the  plane  of  A  B  Q 
and  its  distance  (vom  A  B. 

It  is  a  remarkable  circumstance,  that  no  examples  have 
been  recorded  of  false  estimates  of  the  distance  of  near  objects, 
in  consequence  of  the  accidental  binocular  union  of  similar 
images.  This  has,  no  doubt,  arisen  from  the  rare  occurrence 
of  tneae  eircnmatancea  or  conditiooB,  imder  which  alone  endi 
illndona  can  be  produced*  In  a  room  where  the  paper-hanc- 
ings  have  a  small  pattern,  or  similar  figures  recnmng  at  the 
distance  of  1,  1^,  or  S  inches^  a  short-sighted  person  migbl 
very  readily  turn  his  eyes  on  the  wall,  when  their  axes  con- 
verged to  some  point  between  him  and  the  wall,  which  would 
unite  one  pair  of  the  similar  images  ;  and  in  this  case  he  would 
see  the  wall  nearer  him  than  the  real  wall,  and  moving  with 
the  motion  of  his  head  like  sometliiiig  aerial.  In  like  manner, 
a  lonc-sighted  person,  with  his  optical  axes  conver^od  to  a 
poiiii  beyond  the  wall,  might  see  uu  iuiage  of  ihe  wail  more 
distant,  and  of  an  alSrIal  diameter or  a  person  wlio  has 
taken  too  much  wine,  which  ofken  fixes  the  optical  axes  In 
cjpnosition  to  the  will,  might,  according  to  the  nature  of  bit 
siglit,  witness  either  of  the  illosionB  above-mentioned. 

In  the  preceding  observations!  we  have  confined  ourselves 
to  the  binocular  union  of  figures  upon  an  opake  ground.  This 
limitation  almost  nece<:snrily  precluded  us  from  observing"  the 
results  when  the  binoc  ular  centre  is  beyond  the  plane  where 
these  figures  are  situated,  bec;ui^e  it  is  not  en^y  to  adjust  the 
eyes  to  a  distant  object,  unlesi*  look  through  the  surfaces 
containing  the  figures.  Now  this  is  by  far  the  most  interest- 
ing form  of  the  experiment,  and  it  has  the  advantf^e  of  putting 
scarcely  any  strain  upon  the  eves,  not  only  because  the  blno- 
cular  centre  is  more  distant^  but  becanaa  we  cannot»  in  thb 
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way,  unite  figures  whose  distance  exceeds  9^  incbes»  the  in- 
terval between  the  eyes.  Transparent  patterns  for  these  ex- 
periments may  be  cutout  of  stiff  card- paper,  or  thin  plates  of 
metal,  or  they  niny  be  made  ofp^iper  posted  upon  larr^e  panes 
of  ^Ifiss.  Experiments  niay  liv  nuide  with  trellis-work,  or 
with  windows  composed  ol  ainaii  squares  or  lozenges;  but  the 
readiest  pnttern  is  the  cane  bottom  of  a  chnir,  and  I  hnve  per- 
formed my  experiments  by  simply  placing  sucli  a  chuir  upon 
a  high  table,  with  its  cane  bottom  in  a  vertical  position.  The 
distance  of  the  centres  of  the  eight-sided  open  figures  in  the 
direction  of  the  width  or  depth  of  the  chair,  varies  in  different 
patterns  from  0*54  to  0*76  of  an  inch.  In  order  to  simplify 
the  calculations,  we  shall  take  the  distance  at  0*5»  or  half  an 
inch.    Then  let 

D=12  inches  be  the  distance  of  the  jiattcm  ironi  the  eyes* 
d=0'5  the  distance  of  the  centreb  ot  tlic  bimilar  figures. 
+  A  =  distance  of  suspended  image  f  rom,  and  in  /ronl  oC  the 
pattern. 

— A'sdistanoe  of  suspended  image  froni»  and  behind,  the 
pattern. . 
the  distance  between  the  eyes. 
Then  we  shall  have 

■^^=^°°^-^'=^*  """'^ 
D— A=distance  of  suspended  image  from  the  eye»  and  in 

front  of  the  pattern,  and 
D-f-A'  =  its  dislance  from  the  eye,  and  behind  the  pattern. 

From  these  formuitE  we  liave  conipuled  tlie  following  table, 
adapted  to  similar  figures,  whose  centres  are  distant  ^  an  inch, 
1, 1^9  2  and  2^  inches;  bntin  reference  to  the  positive  values 
of  A  and  we  may  consider  them  as  feet»  0*5  being  in  tliat 
case  86  inches. 


D 

d= 

f/=r5. 

d—20. 

f/  =  2-<. 

iBchea. 

+  ^ 

—  A. 

-A. 

+  A. 

—  A. 

—  ii. 

+  A. 

—  A.| 

+  A. 

6 

1 

1-5 

179 

4 

9 

2-66 

24 

2*94 

1441 

3 

Inttn. 

19 

t 

3 

8*48 

■  «  • 

4*50 

18 

5-33 

48 

5-88 

288| 

6 

Infin. 

U 

6-86 

16 

36 

10-66 

96 

11-76 

12 

Infin. 

48 

12 

13  7  j  33 

18 

7a 

21-33 

192 

^52 

im 

24 

Infin. 

Taking  the  case  where  D  is  12  inches,  and  uniting  the  two 
nearest  openings  where  d  is  0*5,  let  M  N  (fig.  l)  be  a  section 
of  the  transparent  pattern,  L,  li  the  left  and  right  eyes,  La^, 
labe  lines  drawn  throu)^h  the  centres  of  two  of  the  open  figures 
abf  and  ^bd,  Rce  lines  drawn  through  the  centre  of  b  and  c, 
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and  meeting  "Lad^  lube  Bid  and    d  being  the  binocular  oentre 

when  we  look  at  it  tlirough  a  and  ^,  and  e  the  binocular  centre 
when  we  look  at  it  through  b  and  c.  Now,  tlie  ri'^ht  eye  R 
sees  opening  b  at  </,  and  tiie  left  eye  L  sees  the  openiiinr  a 
at  d,  hence  the  image  aL  d  consists  of  the  sunilar  images  oi  a 
and  b  united.  In  like  m:iiiiicT  e  consists  of  b  and  c  united, 
and  so  on  with  all  the  rest,  so  that  the  observer  at  L  R  no 
longer  sees  the  real  pattern  M  N,  but  a  suspended  image  of 
it  at  mttt  fkree  indies  behind  M  N.  If  the  olmrver  now  ap- 
proaches M  N9  Ihe  image  mn  will  approach  to  him*  and  if  be 
leoedes,  mn  will  recede,  being  1^  inch  distant  (rom  MN 
when  the  observer  is  six  inches  from  M  N,  and  twelve  inches 
from  M  N  when  lie  is  fort^-eigfat  inches  from  M  N»  the  in^ge 
mn  moving  from  M  N  with  a  velocity  one-fourth  of  that  with 
which  the  observer  recedes*   These  two  velocities  are  in  the 

ratio  of  D  to 

Resuming  the  position  in  the  iif^ure  where  the  observer  is 
twelve  inches  distant  from  M  N,  let  us  consider  the  important 
results  to  which  this  experiment  cannot  fail  to  lead  us.  If  the 
observer,  with  his  eves  at  L  H,  grasp  the  cuue  bottom  or 
pattern  at  M  N,  as  dbown  in  fig.  4,  his  thumbs  pressing  upon 
MNy  and  his  fingers  trying  to  grasp  mtij  he  will  then/eH 
wHat  he  does  not  j«r»  and  m  mkatie  doe$  notfiH  I  The  real 
pattern  b  absolutely  invisible  at  M  N,  and  stands  fixed  at  si «. 
The  fingers  roa^  be  passed  through  and  through— now  seen 
on  this  side  of  it,  now  in  the  middle  of  it,  and  now  on  the 
other  side  of  it.  If  we  next  place  the  palms  of  each  hand 
upon  M  N,  feeling  it  all  over,  the  result  will  be  the  same.  No 
knowledge  cIl rived  from  touch — no  measurement  ot  i  cal  di- 
stances— no  actual  demonstration  from  previous  ur  suhsci  jnent 
vision,  that  there  is  a  real  solid  body  at  M  N,  and  nolliiug  at 
all  at  mn,  will  remove  or  shake  the  infallible  conviction  of  the 
sense  of  sight  that  the  ol^|ect  is  at  stn,  and  that  L  orif  R  is 
its  real  distance  from  the  observer.  If  the  binocular  centre 
be  now  drawn  back  to  M  N,  the  image  uen  will  disappear, 
and  the  real  object  be  seen  at  M  N.  If  it  be  brought  still 
further  back  tofy  the  object  M  N  will  again  disappear,  and 
will  be  seen  at  ju.  y,  as  described  in  a  former  part  of  this  paper. 

In  making  these  experiments,  the  observer  cannot  fail  to  be 
struck  with  the  remarkable  fact,  that  though  the  openings  at 
M  N,  m«,  and  v  have  all  the  same  angular  magnitude,  that 
is,  subtend  the  same  angle  at  the  eye,  viz.  <i  L  ^,  J  H  ^,  yet 
ihuhe  at  mn  appear  larger  than  those  at  M  N,  and  those  at 
smaller.  If  we  cause  the  image  mn  to  recede  and  to  ap- 
proachi  the  figures  in  aiit  wul  invariably  increase  as  they 


%  Digitized  by  GoOgle 

I 


Ditiancfi  given  by  Binocular  Vuirn*  S17 

recede^  and  those  in  ^av  will  diminish  as  ihty  approach  tlic  eve, 
and  their  visual  magnitmleSy  as  we  shall  call  Lhcaj,  will  (iejKMui 
on  the  lespecilve  dialances  ut  which  tlie  observefi  wbethei 
riglit  or  wron^  in  hu  estimate^  conceives  them  to  be  placed. 

Now  this  IS  a  universal  fact,  which  the  preceding  experi- 
ments demonstrate;  and  though  the  estimate  of  magnitude 
thos  formed  is  an  erroneous  one,  yet  it  is  one  which  neither 
reason  nor  experience  is  able  to  correct 

When  we  look  at  two  equal  lines,  whose  difTerence  of  di- 
stance is  distinctly  appreciable  by  the  eye,  either  tlirectly  or  by 
inference,  but  whose  dilVereiice  of  angular  niai^nitude  is  not 
appreciable,  the  most  reinuie  must  necessot  ily  appear  the 
smallest.  For  the  same  reason,  if  the  reinotei  of  two  lines  is 
really  smaller  than  the  nearer^  and  therefore  its  angular  mag- 
nitude also  smaller  from  both  these  causes,  yet,  even  in  this 
casci  if  the  eye  does  not  perceive  distinctly  the  difference^  the 
smaller  and  more  remote  line  will  appear  the  larger*. 

The  kw  of  visual  magnitude»  which  regulates  this  class  of 
phenomena,  may  be  thus  expressed. 

Tf  we  call  A  the  angular  magnitude  of  the  nearest  oi  i^o 
lines  or  matrnitudes  whose  apparent  distance  is  a  the  an- 
gular magnitude  oi  the  remoter  line,  whose  apparent  distance 
is  D,  and  V,  v  the  visual  magnitudes  of  the  two  lines,  then 

V  :  v=K  X  D  :  a  xD. 

Now  let  the  two  lines  MO,  N  P  lie  the  two  sides  of  a  qua- 

drilateral  figure  seen  obliquely  by  an  eye  at  £^  then,  if  the 
apparent  distances  of  MO,  N  i*  are  such,  that 

Xxd'> axJ>9  then  V^-v^ 

and  the  lines  MN»  OP  will  converge  to  a  vanishing  point 
beyond  NP«   But  if 

AX(f=:axD,  then  V=v, 
and  the  line  MN,  OF  will  appear  to  be  parallel.   And  if 

Axif<axD,  then  V<ii^ 

•  Malebranche  seems  to  have  been  the  first  who  introduceil  the  apparent 
distance  of  objects  as  an  element  in  our  estimate  of  apparent  magnitude. 
De  la  Recherche  de  la  Ferili',  torn.  i.  liv.  i. ;  torn.  iii.  p.  354.  See  also 
Bouguer,  Af/m.  Acad.  Par.  1 755,  p.  UU.  These  views  however  have  been 
abandoned  by  several  subsequent  writers,  and  the  real  dUlance  of  objecU 
hat  been  substituted  i'or  their  apparent  distance.  Varignon,  Mem,  Aead» 
Par,  1717,  p.  88.  M.  Lehot,  for  example,  says,  "  L'expression  de  la  gran- 
deur visuellc  d'un  corps  est  egaie  k  la  grandeur  ridle,  muUipliee  par  le 
logarithme  de  la  disianee  rieife  divis^  par  eett«  distance.  "'-JVoimfllli 
Theorie  de  la  Visum,  ler  M6m.  Suppl.  p.  7,  8.  Paris.  182.T  TU»  estimate 
of  distance  is  incompatible  with  experiment  and  observation. 
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and  the  lines  M  N,  ()  P  will  converga  to  a  vaDisliiiig  poi&t 
between  MO  and  the  observer. 

These  results  may  bi-  c  ou.^iciered  as  Ifiyinjir  the  foundation 
of  a  new  art,  to  which  we  may  give  the  ii.unc  of  Viaual  Per- 
spective, in  contradistinclion  ta  Geotnetrical  Peri»pective. 
This  art  fitmiahes  ob  with  an  immediate  explanation  of  a  ^reat 
variety  of  optical  illosionswhich  have  never  yet  been  enplained; 
and  there  is  reason  to  believe  that  aome  of  its  principles  were 
known  to  ancient  architects,  and  even  employed  in  modifying 
the  natore  and  position  of  the  lines  and  forms  which  enter  into 
the  constmction  of  their  finest  edifices. 

St.  Leooard's  College,  St.  Aadfewii 
April  1Q»  1844. 

When  1  wrote  the  paragra)>h  u\  page  314?,  I  had  noexpec* 
tation  of  learning  that  any  example  of  such  an  illusion  had 
ever  occorred*  A  frlendy  however*  to  whom  I  had  occasion 
to  show  the  experimentSy  and  who  is  short-sighted,  mentioned 

to  me  that  he  nad  been  on  two  occasions  i^reatly  perplexed 
by  the  vision  of  these  suspended  images.  Having  taken  too 
much  wine^  and  bein|[  in  a  papered  room,  he  saw  the  wall 
suspended  near  him  in  the  air;  nnd  on  another  occasion, 
u  Ijci)  kneeling  and  resting;  his  arms  on  a  cane-bottomed  chair, 
he  had  fixed  l)is  eyes  on  xhc  carpet,  which  accidentally  united 
the  two  iiuiigi-x  of  the  tjju  ii-w urk,  and  lincw  the  sub|>ended 
image  of  the  cl^air-bottom  lo  u  distao€e,and  beyond  the  plane 
on  which  bis  arms  rested. 

The  foUowtng  easoy  commontcated  to  me  by  iVofcssor 
Christison,  is  still  more  interesting.  ^  Some  years  ago,  when 
I  rsaded  in  a  hoose  where  several  rooms  are  papered  with 
rather  formally  recorrin|^  patterns,  and  one,  in  particular,  witii 
stars  only,  I  used  occasionaUy  to  be  mnch  plagoed  with  the 
wall  suddenly  standin^^  out  upon  me,  and  wavinfr,  ns  you  de- 
scribe, with  the  movements  oF  the  head.  1  was  sensible  that 
the  cause  was  an  error  as  to  the  point  of  union  of  the  visual 
axes  of"  the  two  eves:  but  I  remember  it  souKlimcs  cost  me  a 
corihuleiable  tlioit  to  rectify  the  error;  and  1  Ibund  that  tiie 
best'way  was  to  increase  sull  niuie  tlie  deviation  in  the  first 
instance*  As  this  accident  occurred  most  frequently  while  I 
was  recovering  from  a  severe  attack  of  fever^  I  thought  mv 
near-sifted  eyes  were  threatened  with  some  new  mischief; 
and  this  opinion  was  jostilied  in  finding  that,  after  removal 
to  my  present  hoose— where^  however,  the  papers  have  no 
very  formal  pattern— no  such  occurrence  has  ever  taken  place* 
The  reason  is  now  easily  onderstood  iron  your  researches,** 
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XLIX.  On  ike  Umverstdity  of  Moigfiefim, 
By  Dr.  bi  Haldat*. 

''I^HE  Question  of  the  univer:»alit^  of  roagnetibin^  on  which 
•L  ilL  ae  Haldat  prM^nted  a  memoir  to  the  Academy  of 
Sciences  in  1841  ft  naving  giveo  rise  to  some  objectionsi  lias 
been  suljected  to  new  researches  in  which  the  author  has 
coofirmeil  the  fiict,  that  all  bodies  in  small  masses  and  of  an 
elongated  form  are  subject  to  the  influence  of  the  magnet  when 
eilposed  to  its  action,  tioth  when  they  arc  made  to  osdllata 
between  the  opposite  mni^niPtic  poles,  and  when  they  are  sus- 
pended in  the  same  siuiatiuu  by  silk  filaments  whose  torsion 
is  employed  to  value  tlic  force  which  they  Imve  acquired.  A 
desire  to  trace  the  ptoximute  cause  of  thesu  j)l):i'iu)nieiia  in- 
duced the  author  to  ascertain  whether  these  botiici  possess,  of 
themselves,  the  property  of  acquiring  the  magnetic  state,  or 
whether  they  owe  this  property  to  we  presence  of  iron^  as 
many  philosophers  have  mamtamed* 

If  we  consider  ma^tism  in  a  general  point  of  view^  we 
shall  find  tha^  to  attribute  this  property  to  iron  alone^  is  to 
asngn  to  that  substance  a  special  virtue^  which  later  researches 
have  shown  to  exist  in  two  other  metals,  and  which  the  attrac- 
tion of  the  magnetic  needle  by  the  rotatory  discs  composed 
ot  various  metals  cr»nt!adicts  in  the  most  direct  manner;  and 
we  must  acknowledge  that,  ni  ^liort,  to  deny  to  the  fluid,  the 
magnetic  agent,  the  generality  oi  influence  wliich  we  are  forced 
to  recQgnii»e  in  the  other  agents,  or  imponderable  fluids,  as 
heat,  li^ht  and  electricity,  is  to  contravene  the  law  of  analogy, 
wbi«di  IS  one  of  our  surest  guides  in  the  study  of  nature.  How, 
in  (kct,  can  we  suppose  that  an  agent  which,  like  caloric  but 
with  an  iniiniteiy  jgreater  velocity,  penetrates  all  bodies,  can 
be  deprived^ of  tSt  property  of  exercising  upon  than  an 
influence  anak{goas  lo  that  exerted  by  the  other  agents  with 
which  it  has  such  anah>gy  ?  How  can  we  admit,  not  only  a 
great  resemblance  but  even  ati  identity  recognised  by  a  great 
number  ol  |)lillosophers  between  electricity  and  magnetism, and 
deny  the  existence  in  one  of  its  agents  of  lhat  which  we  attri- 
bute to  the  other?  l  iiiuliy,  if  all  the  agents,  as  is  generally 
believed,  are  only  difl'erent  modifications  of  one  univeisul 
agent,  how  can  we  deny  to  magnetism  the  g«ieralitv  of  influ- 
ence attributed  to  the  fluid,  the  universal  agentp  of  which  it 
would  be,  so  to  speak,  one  of  the  fiictors? 

These  reasonings,  oonformable  to  the  principles  of  natural 
philoeophy,and  sufiicient  perhaps  ibr  philosophers  who  restrict 

*  From  the  Jimalet  de  Chimie  ei  de  Pht/tiaue,  Jan.  1847' 

tOmmdM  Eatdm  du  Simttm  d»  PAaatL  dm  Sdemeat^  LxiL  d.  9fie. 
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themselves  to  general  considerations,  being  unable  alone  to 

soWe  the  obfections  proposed  by  the  partisans  of  special  mai^- 
netism,  the  auliioi  had  rtconrse  to  experiments  directed  ac- 
cording to  the  fol!()v\iiig  coDsicltrautms.  If  the  property  of 
iiccjuiring  the  magnetic  state  belongs  un!v  Uj  one  body,  the 
partisans  ot  special  virtue  must  prove, —  1st,  that  this  metal 
exists  in  all  bodies  presenting  magnetic  phsenomena;  Snd, 
tluit  all  bodies  oontain  and  in  tnffidatt  quantity  lo  ntiafy 
tbe  nagiietic  pluecioiiiena  defdoped  in  the  experimentf  of 
tbifl  class;  Srd,  that,  whatever  be  tlie  xtata  of  tbe  metal,  pure 
or  combined  with  difierent  bodies,  it  alwajs  preacrfcaitacha* 
lacleristic  property.  The  answers  to  these  questions  are  given 
in  an  article  specially  devoted  to  an  investigation  oriron,and  an 
explanation  of  the  processes  adapted  to  detect  it  in  the  various 
substances  in  which  it  exists,  either  in  a  state  of  simple  mix- 
ture or  of  coinhiiiaiion.  And  as  excessively  weak  quantities 
are  able  to  corninimicate  the  majxnetic  power  to  the  bodies 
which  would  coiuain  it,  it  was  indispensable  to  adopt  a  pro- 
cess capable  of  indicating  the  minutest  quantities.  The  cha- 
ncteristic  precipitate  of  its  solutions  bj  the  cyanide  of  potas- 
sitton  fumiuiing  a  simple  and  efficacious  means  of  detecting 
this  metal,  the  author  adopted  it,  after  having  convinced  bim* 
self  that  in  forming,  with  the  precipitate  diluted  with  water,  a 
transparent  column  two  centimetres  (nearly  0*8  of  an  inch)  in 
length,  the  experimenter  can,  on  receiving  a  ray  of  white 
]\f[ht,  vender  perceptible  at  least  a  five-thoiisnndth  of  the 
qiiaiitily  oi  iion  in  the  substances  subjected  to  the  magnetic 
expel  iiiic'iit.  At.  the  same  time  all  the  nj^ents  adapted  to  ren- 
der the  lest  mure  sensitive  were  had  recourse  to,  and  each 
analysis  checked  by  means  of  a  test  liquor  con^po^ed  ot  per- 
sulphate of  iron,  the  amount  of  which  being  excessively  small, 
proved  that  if  this  metal  had  existed  m  the  composition  snb* 
mitted  to  examination,  it  would  necessarily  bave  been  de« 
toeted* 

Sbtty  sttbstonoes  deprived  of  iron  by  the  usual  means,  and 
found  to  be  chemically  pare,  were  thus  prepared  and  sub- 
jected to  magnetic  action,  after  having  received  the  clonirntcd 
form  which  ensures  the  success  of  these  experiment?.  Among 
these  substances  are  the  lollowing,  whose  absuhitc  pniliy 
must  be  tlieoietically  admitted,  and  which  has  moreover  been 
proved  by  experiment :  distilled  water  in  the  state  of  ice, 
hyaline  quut  iz  of  perfect  transparency,  tlie  carbonate  and  mu- 
riate of  ammonia  obtained  by  the  oombbiation  of  tbdrcompo* 
nent  principles  in  a  state  of  vapour,  the  carbon  of  the  smoke 
of  olMamps  or  pure  resins,  sulphur  washed  with  hydrochlorio 
acid  and  repeaMly  sublimed,  camphor  several  times  sublimed. 
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ffam,  bees  waXy  &c. ;  we  may  also  add  gold  obtained  from 
deposit,  silver  reduced  from  the  chloride,  and  copper  preci- 
pitated by  galvanism.  Each  of  these  substances  was  placed 
upon  a  sheet  of  very  thin  paper,  previously  purified  and 
suspended  by  a  double  filament  of  silk,  and  submitted  to  the 
influence  of  the  two  poles  of  a  horse-shoe  iron  magnet  car- 
rying twenty-five  kilogrammes.  With  respect  to  tneir  be- 
haviour under  the  influence  of  this  double  power,  they  are 
divided  into  two  classes^  conformably  to  the  observation  of 
Mr.  Faraday^  previously  recognised  by  M.  Becquerel'i'.  One 
class  was  placaJ  In  the  direction  of  the  niar;netic  current,  the 
other  transversely  to  this  current*  There  is  therefore  no  sub* 
stance  absolutely  neutral  with  regard  to  the  property  of 
acquiring  the  magnetic  power;  but  whatever  be  the  direction 
which  it  takes,  this  can  always  be  ascertained,  and  t!\e  acquired 
power  determined,  even  measured,  by  means  of  the  parts  of 
the  apparatus  which  measures  the  toraion. 

Reverdng  to  the  question  of  the  universality  of  magnetism 
and  the  speciality  of  the  iron  which  it  repels,  the  author  has 
discussed  the  objections  raised  against  the  distinction  of  the 
two  modes  of  magnetization,  which,  with  the  iact  of  the  pola- 
rization of  the  luminous  ray  under  the  influence  of  the  mag- 
netic current,  has  strongly  confirmed  a  theory  already  based 
on  so  many  remarkable  analogies  and  numerous  experiments. 
He  has  refuted  the  fact  of  the  variations  in  liie  direction  of 
needles  successively  reduced  to  disproportionate  lengths,  w  hich 
have  been  assigned  to  them  from  tne  consideration  of  the 
powerlessness  of  the  most  energetic  magnets  to  act  otherwise 
than  upon  the  centre  of  the  needles^  and  consequently  to  give 
them  other  than  a  transverse  direction. 

In  rejecting  the  magnetic  speciality  of  iron,  the  author  has 
not  denied  the  very  remarkable  pre-eminence  of  this  metal 
with  rc^rard  to  tlic  property  of  acquiring  the  magnetic  power, 
which  it  always  manifests  with  great  energy,  even  when  it  only 
exists  in  an  excessively  small  mass.  An  entire  article  is  de- 
voted to  the  valuation  of  the  vai  iations  ol  which  this  arrange- 
ment ii  susctptibie  by  the  combination  of  oxygen,  of  several 
Other  substances,  ancl  above  all  by  the  passage  of  the  metal  to 
the  saline  state  in  which  it  is  generally  aiamagnetic,  even  when 
the  components  of  the  salt  are  only  united  by  a  weak  affinity. 
In  this  examination  it  has  been  found,  that  a  quantity  of  iron 
inappreciable  by  the  most  delicate  balance  might  be  detected 
by  the  magnetic  process,  and  even  estimated  approximately; 
that,  however,  this  power  diminishing  with  the  quantity  of  the 
metal  wliicli  puts  it  in  play,  it  necessarily  finds  its  limit  in  the 

•  Ammlii  dc  Chhnie  ct  de  Pht^iirptc,  2nil  series,  t.  xxxvi.  p. 
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extreme  attenuation  of  which  itiimioepcible;  ami  that,  what- 
ever be  the  quantity  of  iroo  contained  in  a  bodji  it  is  appre- 
ciable by  the  magnetiG  prooea  at  much  ai  it  u  by  cbenncal 

means. 

From  general  considerations,  and  iVom  very  numerous 
facts  stated  in  this  memoir,  and  from  numerous  others  for 
which  there  was  no  room,  it  results : — 

1.  That  irim,  aUiiough  eminently  magnetic,  is  not  the  only 
body  which  possesses  this  property. 

That  ito  tendency  to  acquire  this  itate  is  dependent  upon 
its  purity,  and  varies  with  its  combination. 
'  9.  Lastly,  that  the  magnetic  power  acting  upon  all  bodies^ 
either  giving  them  a  direction  parallel  to  the  current «>rtran»» 
verse  to  this  current,  the  fluid,  the  magnetic  age&ty  possesses, 
like  all  other  imponderable  fluids  or  agentSy  aniverMli^  of 
inflneooe  in  natore. 


\j.  On  the  Metofhotpkides, 
By  RonsBT  Madbbbll,  JBtg.* 

HAVING  had  my  attention  drawn  to  a  new  method  for 
preparing  pure  phosphorio  acid  fiom  bon^ash,  propoaed 
by  Ptafessor  Gregory,  and  a  new  and  apparently  anomafeoa 
phosphate  of  magnesia,  accidentally  discovered  1^  Um  whOst 
tiying  to  obtain  the  above-mentioned  acid  pure  by  hurting  at 
a  temperature  above  600°  F.f)  I  was  induced  at  the  snrrges- 
tion,  and  with  the  kind  assistance  of  Professor  von  Licbi^, 
to  repeat  tho  process,  and  also  to  prepare  a  qnnntity  of  the 
salt,  and  suiijcct  it  to  analysi  -.  The  general  results  I  have 
found  are  as  follows: — If  p]iu?.[>auiic  firid.  ThmmI  from  lime 
and  snlphnric  acid  J,  be  heated  to  a  tcniptiaUu  i.  abuvc  (If  in  F., 
it  deposits  a  white  substance,  having  all  the  general  physical 
duiracters  of  the  new  salt,  but  in  which  I  found  on  analysb 
38*47  per  oent.  of  magnesia,  corresponding  to  the  metapboa- 
phate  of  msgnesia  (M^  PO,).  After  a  oonsidersble  quantity 
of  thu  substance  had  been  deposited,  I  digested  the  mass  in 
water,  ffltered,  and  evaporated  the  solution,  and  a^in  heated 
the  acid  to  upwards  of  600°  Ft>  under  the  impression  that  it 
might  still  contain  the  new  compound ;  by  continuing  this 
heat  Ibr  half  an  hour,  I  agaiu  obtained  a  quantity  of  meta« 

*  <^oaiinuoicsted  bjr  the  Chemical  Society  |  having  heen  itsd  Dee*  T> 
f  Sm  Tnnsaetloiii  of  the  Royal  Socitty  of  Edhiburgh. 
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phos])h  :tte  ot  magnesia ;  and  it  was  not  until  after  a  tliircl  re- 
petition of  this  process  that  1  obtaiued  Professor  Gregory's 
compound^  iu  which  I  found  on  analysis  ii>"2i6  per  cent,  of 
magnesia,  correspondiDg  to  the  quantity  found  by  that  che- 
mist  in  his  salt  |  but  on  estimating  the  quantity  of  phosphoric 
acid  present,  I  only  obtained  7^*25  per  cent,  of  FO^  leaving 
a  loss  of  upwards  of  8  per  cent.  Being  convinced  that  an- 
other ba«e  must  be  present,  from  the  enormous  loss,  I  pro- 
ceeded further  with  my  analysis  and  found  the  presence  of 
soda,  which  gave  me  8"  140  per  cent,  of  soda. 

This  salt  therefore  is  not  an  anomalous  phosjihate  of  mag- 
nesia, but  :i  double  metaphosphate  of  magnesia  aud  soda,  in 
the  propurtiuus  are  3  cquivs.  of  metaphosphate  of  magnesia 
and  1  equiv.  of  metaphosphate  of  soda,  3(MgO,  PO5)  -f-NaO, 
FOfl*  It  is  nearly  insoluble  in  bydroehloric  acid  and  aqua 
regia,  but  soluble  in  concentrated  sulphuric  add. 

The  analysis  of  the  salt  was  made  as  follows : — I  dissolved 
the  salt  in  pure  concentrated  sulphuric  acid,  then  diluted  the 
solution  with  water,  and  precipitated  the  mairuesia  by  an  ex- 
cess of  ammonin;  from  the  precipitate,  after  bemg  heated  to 
redness,  was  estimated  the  quantity  of  magnesia.  To  the  fil- 
tered solution  was  added  a  solution  of  a  salt  oi  magnesia  (with 
proper  precautious)  to  precipitate  the  remainder  of  the  phos- 
phoric add,  and  from  this  precipitate,  as  well  as  the  former, 
was  estimated  the  quantity  of  the  PO5.  A  second  quantify 
was  taken  for  the  determination  of  the  soda,  which  was  di^ 
solved  in  concentrated  sulphuric  acid,  diluted  with  water,  and 
precipitated  by  an  excess  of  ammonia.  The  filtered  solution  , 
containing  phosphoric  acid,  was  then  precipitated  by  acetate 
of  lead,  the  excess  of  lead  by  sulphuretted  hydrogen,  and  the 
soda  in  the  solution  evaporated  and  estimated  as  a  sulphate, 
which  gave  me  the  following  results : — 

Analysis,  "So.  I.  Percent. 
•897  gm.  mlMlaiice  gave  -399  2MgO,  PO.  -11(3  MgO  =  lG-270  MgO 

•897    1-0G5        ...         (370  P0»  =  75-250  P(>, 

•ri2    'ISSNaOSO,    •O&SNaOas  8'146NaO 

99*672 

No.  II.  Percent. 
MGgrm.ftnbttiuiMgsve  *5ll  2MgO,  FO«  —  *187  MgO  s=  1612  AM 

MG    1-.-J86        ...       =:  -878  P05  =  75-089  P0» 

1-23    -228  NaO,  SO,    =  -099  NaO  =  8-018  NaQ 

'  99*857 

Z2  ' 
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Foonci. 


Reckoned.  Atom. 


IG'MH  =  3  MgO 
75*378  =s  4  FO. 
8-256  =3  NaO 


I. 

iG-270 
7fi-250 
8-14G 


IT. 
16-12 
7.V689 

8-048 


1(;()-U00 


99-867 


Formula,  3(MgO,  PQj)  +NaO,  PO«. 

The  diffdent  result  obtained  by  Professor  Gregory  no  doubt 
arose  from  the  method  upon  ^vhich  his  examiualaon  of  thia 
salt  was  conducted,  viz.  by  determining  the  amount  of  mag- 
nesia present,  and  considering  the  loss  on  the  wciglit  of  sub- 
Btancp  used  to  represent  phosphoric  acid,  and  probably  from 
not  thinking  at  the  time  of  the  presence  of  a  salt  of  soda  in 
bones. 

With  regard  to  the  phosphoric  acid  prepared  as  abyve,  at'tcr 
the  salt  has  ceased  to  form,  i  bud  tliat  it  is  not  yet  ouite  pure, 
but  contains  traces  of  magnesia  as  well  as  soda,  and  thmfbre 
this  process  will  always  yield  an  acid  containing  more  or  less 
of  these  substances. 

Under  the  impression  that  the  phosphoric  acid  obtained 
by  tliis  j)rocess  was  pure,  I  attempted  to  prepare  with  it  the 
metaphosphatcs  of  nickel  and  cobalt,  by  adding  the  sulphates 
of  these  bases  to  an  excess  of  the  acitl,  and  heatinor  as  before 
to  upwards  nf  fiOO"  F.,  with  the  idea  that  tlicy  nu^lit  be  de- 
posited in  a  souiewliat  similar  manner  to  the  mctaphosphatc 
of  magnesia.  Tliis  I  found  on  analysis  not  to  be  the  case,  as 
the  salts  which  I  obtained  in  tliis  way  were  not  the  pure  iiie- 
taphosphates,  but  double  salts  in  combination  with  soda, 
doscly  allied  in  their  composition  to  Gregory's  salt. 

The  nickel  compound  obtained  in  this  way  was  deposited 
in  the  form  of  a  greenish -yellow,  anhydrous  powder,  insoluble 
in  water  and  diluted  acids,  but  soluble  in  concentrated  sul- 
phuric acid. 

The  analysis  of  this  salt  was  made  by  fusing  with  carbo- 
nate of  soda,  and  treating  the  fused  mass  with  water  to  sepa- 
rate the  mctaUic  oxide  i'vom  the  alknb'ne  pliosphatc.  A  second 
quantity  was  tal^i  ii  for  the  determin  i!  iou  ui  sudn,  which  I  dis- 
solved in  conceiitiutcdsulpiiuric  acid,  then  dduLed  with  water, 
and  precipitated  the  solution  containing  pliosuhoric  acid  by 
acetate  of  lead,  and  the  excess  of  lead  in  tne  filtered  solution 
by  sulphuretted  hydrogen.  To  the  filtered  solution  was  then 
added  an  excess  of  ammonia  with  sulphuret  of  ammonium  to 
precipitate  the  nickel,  and  the  solution  containing  aoda  was 
evaporated  and  detennined  as  a  sulphate. 


Digitized  by 


Mr*  Maddrell  on  the  Meta^pfmpkatu, 


325 


Found.  Atom.  Redcoued. 

Per  cent.  Per  ceaC 

•853  gm.  mbttaaee  mt -254  NlO                  -29-789  GNiO  «29-80» 

2*24   '231  NaO,  SO,»-091  NaO»>  4'0G2  NaO«  4*134 

POj  eatimated  m  low^6frl4»  7P0,  ^SS-Odl 

Wood  100-000 

Formula,  6(NiO,  POJ  +NaO,  PO^. 

The  cobalt  salt  is  a  beautiful  rose-coloured,  anhydrous 
eompound,  insoluble  ia  vater  and  dilute  acidsy  but  soluble  in 

concentrated  sulphnnc  acid. 

The  analysis  \s  as  made  by  dissolving  it  in  concentrated 
sulphuric  acid,  diluting  with  water,  and  precipitating  by  tin 
excess  of  amniouia  and  sulphuret  of  aninionium.    The  sul- 

Slmret  was  then  rcdissolved  iu  iulric  ac  id,  and  the  solution 
iluted  with  water,  filtered  and  precipitated  by  caustic  potash, 
A  second  quantity  was  taken  for  the  determination  of  the 
soda,  and  estimated  as  the  preceding  salt  of  nickel. 

Foun^  Atom.  Keekoned* 

Per  cent. 

1-24  grm.  sutisUuicc  gave  *403  Co,  0^    a*3755  CoO  » 30-2^)2  GNiO  =29-775 

M2  •117NaO,SO|>--051  NaO-  4*358    NaO-  4*130 

PO.  catimaled  aa  loas =65-460  7P0,  -  fir,  089 

lOOUOO  100-000 

Formula,  6{CoO,  PO.J  +  NaO,  PO5. 

Thinking  I  might  still  obtain  the  pure  metaphosphntcs  of 
nickel  and  cobalt  in  the  way  above  mentioned,  I  prepared  a 
quantity  of  pure  phosphoric  acid  by  the  oxidation  of  plios- 
phorus  with  nitric  acid,  and  the  process,  when  tried  with  the 
acid  prepared  in  this  way,  perfectly  succeeded* 

By  this  method  I  obtamcd  also  the  inctaphosphatcs  of 
MnO,  AI2O3,  FcjOj,  CriOa,  CuO,  BaO,  SrO,  CaO,  KO, 
NaO,  thoun;h  not  in  every  case  using  the  sulphates  of  the 
bases,  as  1  find  that  almost  any  other  salt  will  do  equally  well. 

Mt'taphosphatc  of  Oride  of  Nickel. — This  salt  I  obtained 
on  adding  a  solutinn  of  sulphate  of  nickel  to  an  excess  of  ])ure 
phosphoric  acid,  and  by  evaporating  the  mixture  in  a  plati- 
num vessel  until  the  sulphunc  acid  had  been  expelled,  then 
by  heating  it  to  upwards  of  60(f  F.,  when  it  deposited  as  a 
greenish-yellow,  anhydrous  compound*  It  is  insoluble  in 
water,  hydrochloric  acid  and  aqua  regia^  but  soluble  in  con- 
centrated sulphuric  acid. 

The  determination  of  the  nickel  was  made  as  the  preceding 
salt  of  nickel,  and  the  phosphoric  acid  estimated  from  the  loss. 

Found.  Atom.  Reckoned. 
Per  cent.  Per  cent. 

1*563  sraktabttaiice  gave '537  NiO==  a  i  ioi  NiO=i  :>i  is5 

PO^aaloaa*  65-599  P0,»  n.v:,i5 
100600  'lOO^UOU 

Formula,  NiU,  POg. 
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MetfiplioapJuite  of  CXriffc  of  CohuU  wx^  obtained  by  tbr  '^ame 
process  iis  the  preceding  salt  of  nickel.  It  is  u  beautiful  rose- 
coloured,  anhydrous  compound,  insohible  in  w  ater  and. (Uluted 
acids,  but  soluble  in  concentrated  sulphuric  acid. 

The  analysis  was  made  by  di^isolving  in  concentrated  sul- 
phuric acid,  dilutinff  with  water,  and  precipitating  by  an  ex- 
cess of  ammonia  and  sulphuret  of  ammonium*  The  sulphuret 
was  redissolved  in  nitric  acid,  the  solution  diluted  with  water, 
filtered,  and  precipitated  by  caustic  potash.  The  POg  was 
estimated  from  the  loss. 

Found.     Atom*  Beckoned. 
Pot  coD^e 

«983  gnB.ta1iitiiieegtf«*367(k%  04=^  -3 12  CoO^  34-791      CoO<»  3i  ir>2 

PO^Mlott-  65-209  P0,=_^)^4« 
100-000  lOO'OOU 

Formula,  CoO,  POg. 

Metaphosphate  of  Protoxide  of  Manyanese. — This  salt  was 
obtained  in  a  similar  manner  to  the  preceding  salts  of  nickel 
aud  cobalt  It  is  a  white,  anhydrous  compound,  insoluble 
in  water  and  dilute  acids,  but  soluble  in  concentrated  sul- 
phiuric  add. 

The  determination  of  the  manganese  was  made  as  in  the 
preceding  salt  of  cobalt,  and  the  PO^  estimated  from  the  loss. 

Pound.    At.  Hookoned. 

Per  cent.         Per  cent. 

*857  gnn.  lubitanoe  give -306  MnO,Mn30aa'2B47  Mq0^  33-22    MnO-^SS  321 

PO<mIom»CG-78    P0»  =06-679 

100*00  lOIHMM 

Formula,  MnO,  POy 

MHaphuphaie  of  Alumina  was  obtamed  by  dissolving  alu- 
mina in  an  excess  of  phosphinnc  acid,  evaporating,  and  heat- 
ing up  to  the  same  temperature  as  with  the  preceding  salts. 
It  is  a  white,  anhydrous  compound,  insoluble  in  water  and 

concentrated  acids. 

Tlic  analysis  ^br  the  determination  of  alumina  was  made, 
according  to  Berzelius*s  method,  by  fusing  the  salt  with 
part  of  silicic  acid  and  G^parts  of  carbonate  of  soda  j  and  the 
PO5  estimated  from  the  loss. 

Found.     Atom.  BedBoned. 

Per  cent. 

1-253  grm.robttanccgavc'-243  AL  O,=  19-392     ALO,=  19-352 

POjUlOM*  80-607     3P0,  80-648 
100-000  lOOHMM 

Formula,  Al,  O3,  3  PO5. 

Metaphosphate  of  Peroxide  of  Iron. — This  salt  was  obtained 
on  the  addition  of  perchloride  of  Won  t  »  rxccss  of  diluted 
plK).s|jhoric  acid,  and  by  evaporating  and  iieating  uj)  to  the 
same  temperature  as  before  ;  it  is  insoluble  in  water  and  di- 
luted acid^  but  soluble  iu  concentrated  bulphuric  acid. 
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The  analysis  wns  made  bv  fusliifr  the  salt  with  carbonate  of 

sodn,  th(  n  by  trcatinj^  the  liised  ma'^s  with  water,  to  separate 

the  [K  ioxide  of  iron  from  \\v^  alkaiuie  phosphate^  and  the 

phosphoric  acid  estimated  from  the  loss. 

Fuuud.     Atom.  Reckoned. 
,  Per  cent, 

•860  gnn.  tnbstaiiM  gwe  -224  Fc,  O3  =  2G-3:.3     Pc,  O3  -  2r,- 707 

PO,  a»lo»i»=  73-647     3PU4    =  ;a-233 
lOOHMM)  100-000 

FormuV  Fe,  3PO5. 

Metaphosphate  qf  Oxide  of  Chromium  was  obtained  by  dis- 
solving oxide  of  cfaromiain  in  an  exceoa  of  diluted  phosphoric 
acid,  evaporating  and  heating  up  to  the  same  temperature  as 
before,  it  is  a  Doautiful  green,  anhydrous  compound,  inso- 
luble in  water  and  concentrated  acids. 

The  analysis  was  made  by  fusing  the  salt  with  caustic  pot^ 
ash;  the  fused  mn':'!  was  then  din^ested  in  water  (to  separate 
the  oxide  of  chromium  h  orn  the  alkaline  phosphate),  filtered, 
and  the  filtered  soIui  I  mi  neutralized  with  hydrochloric  acid. 
To  the  solution  was  added  ainniorna,  chloride  of  ammonium, 
and  a  salt  of  magnesia,  to  precipitate  the  phosphoric  acid, 
and  from  the  precipitate,  after  heing  heated  to  redness,  the 
quantity  of  the  latter  was  estimated.  The  Cr^Og  I  was 
obliged  to  estimate  as' loss,  as  I  found  it  exceedingly  difficult 
to  obtain  a  correct  result,  it  being  more  or  less  oxidised  by 
the  action  of  the  caustic  potash. 

FoowL    Alom.  Ileckmed. 
cent. 

•67  gnu.  aubttttHM  gtw  *772  MgO,  PO     tR8  P0,» 72-836  SPOs   »  72*731 

tr,     U  loM»=27  164     Crg  0,-»27-269 
100-000  100-000 

Formula,  Cr^  O3,  SPO5. 

Metaphosphate  of  Oxide  of  Copper  was  obtained  on  adding 
a  solution  of  nitrate  of  copper  to  an  excess  of  diluted  phos> 
phoric  acid,  and  evaporating  and  heating  up  to  the  same 
temperature  as  before*  It  is  a  bluish-white,  anhydrous 
compound,  insoluble  in  water  and  diluted  acids,  but  soluble 
in  concentrated  sulphuric  acid.  This  salt  I  dissolved  in  con- 
centrated sulphuric  acid,  diluted  the  solution  with  \\  atcr,  and 
precipitated  by  snl[)huretted  hydroi^en ;  the  sulphuret  was 
then  redis«*olvcd  in  Ji ydrochlorie  acifl,  diluted  with  water,  fil- 
tered, and  piecipiialcd  by  caustic  potash,  and  the  PO5  esti- 
mated from  the  loss. 

Found.    Atom.  ReekoDfld. 
I'ftlSgrm.  rabllMIW  gave -542  CuO=  35*704      CuO«  35*713 

POiMloM-  64  296      PO^  «  64*2S7 
lUOOOO  100-OUO 

Fomuky  CuO,  PO5. 

Metaphosphate  of  Sarytes  was  obtained  by  decomposing 
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carbonate  of  barytes  in  diluted  phosphoric  acid,  tiicn  evapo- 
rating and  hcatinLT  it  up  to  600  F. ;  it  is  iusoluble  in  water, 
hydrochloric  acid  and  aqua  regia,  but  decoin])osed  by  con- 
centrated sulphuric  acid.  This  salt  was  healed  with  coucca- 
trated  sulphurie  acid^  digested  in  watcr^  and  filtered^  and  the 
PO5  estimated  from  the  toss. 

Found.  AtOiBuBactoMJU 

Per  cent. 

1-236  grm.  substance  gave  -^U  BaO,  SO,=.-639  BaO=51-70     BaO  =51-746 

P0bMlflW"48'30     PO^  »48-2M 

100-00  100*000 

Formula^  BaOj  PO^. 

M^apkotphaie  (^SirmUian* — This  compound  was  obtained 
by  decomposing  carbonate  of  atrontian  in  diluted  phosphorie 
acid^  evaporating  and  heating  as  before;  it  is  insoluble  in 
water>  hydrochloric  acid  and  aqua  v^gia^  but  decomposed  by 

concentrated  sulphuric  acid. 

This  salt  was  heated  with  concentrated  sulphuric  acid,  and 
then  the  mass  digested  in  water,  mixed  with  alcohol>  and  fil- 
tered.  The  PO^  was  estimated  (rom  the  loss. 

Found.  AtookRedGOiiedL 
Par  cent. 

1*014  grm.  iidiilnM  gnt  '755  SiO»  80^*-*426  8iO-41*918     BiO  m4»M$ 

PO,  a«3«^=  58-087     PO,  »=  57-957 
100-000  lOOHNW 

Formula,  SrO,  PO5. 

Metegphoffhaie  of  Lime. — This  compound  was  obtained  In 
a  similar  manner  to  the  salts  of  bary  tes  and  strontian.  It  is 
a  white,  anhydrous  powder,  insoluble  in  water  and  diluted 
acids,  but  decomposed  by  ronrrntrnted  sulplmric  acid.  The 
analysis  of  this  salt  was  made  the  same  as  the  salt  of  strou- 
tian. 

Found.  Atom.  Reckoned. 
•806  grm.  tubftmee  pnt  '5M  GtO,  SOa--2284  CaO  =  2s  337    CaO  »  28-52 

PO,  fts  loss  -  7 !  •()63     PO,  =^1-18 

100  UOO  TOO-00 

Formula,  CaO,  PO5. 

Metaphostphate  of  Mar/nesia  was  obtained  by  di'^solving  car- 
bonate of  maf^nesia  in  an  excess  of  diluteci  phosplioric  acid, 
evaporating,  and  heating  as  before;  it  may  also  be  obtained 
by  preparing  phosphoric  acid  Irom  bone-asii.  according  to  the 
above-mentioned  process.  It  is  a  whitc^  anhydrous  com- 
pound, insoluble  m  water  and  diluted  acidsy  but  soluble  in 
concentrated  sulphuric  add.  This  compound  was  dissoivixl  in 
pure  concentrated  sulphuric  acid,  diluted  with  water^  and 
precipitated  by  an  excess  of  ammonia.  The  filtered  aolutton 
containing  the  remainder  of  the  pbospboric  acid  was  preci* 
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pitated  (with  the  proper  precautions)  by  a  salt  of  magiiesia 
and  estiinated  accordiogi/. 

Found.  Atom.  lieckoaed. 
grin.  Per  cent. 
1*887  •afattenee  gtve  M57  2llgO,POs  -  -424  ^fgO^  22  47  MgO»22-453 
  2-307       ...       "1-46  F0»  '=77-424    PO,  77-547 

99-B94  lUO'OOU 

Fomuila,  MgO,  PO5. 

Metaphosphate  of  Potash. — ^This  salt  was  obtained  by 
nitiiig  strongly  together  equal  parts  ot  chlorate  of  pota&h  and 
phosphoric  acid  (of  a  syrupy  coDsistence)^  and  by  digesting  the 
mass  in  water  to  separate  ue  soluble  part  finnn  the  insoluble. 
It  is  an  anhydrous  coniponnd«  nearly  insoluble  in  water,  but 
soluble  in  duluted  as  wdl  as  concentrated  acids.  The  acetic 
solution  gives  a  white  precipitate  with  nitrate  of  silver.  This 
insolubie  compound  is  decomposed  on  being  treated  with  so- 
lutions of  nitrate  of  silver,  acetate  of  load,  and  chloride  of 
barium,  into  the  metaphosphatcs  of  these  metallic  oxides. 

This  compouiid  was  dissolved  in  acetic  acid,  diluted  with 
water,  and  the  PO5  in  the  solution  precipitated  by  ncetatc  of 
lead,  and  the  excess  of  lead  in  the  filtered  solution  by  sul- 
phuretted hydrogen.  The  solution  containing  potash  was 
then  evaporated,  and  the  potash  determined  as  nitrate. 

Fonmt  Atom.  Reckoned. 
W6S  grm.  nbitancc  gave      KO,  N0»-  SSa  K0«  8»^S    KO  «*  M 

VOt^HOmMulm^  60  355    PO^ ^  602 

IWHm  10(H) 

Formula,  |COj  PO^. 

Meiaphosphate  of  Sodu  was  obtained  by  igniting  strongly 
together  equal  parts  of  nitrate  of  potash  and  phosphoric  add 

(of  a  synipy  conj?istcncc),  and  by  digesting  in  water  to  sepa- 
rate tlio  5:oluble  from  the  insoluble  part.  It  is  an  anhydrous 
compound,  nearly  insoluble  in  >,  but  soluble  in  diluted 
and  concentrated  acids.  Tiie  solution  in  acetic  acid  a-ives  a 
white  precipitate  with  nitrate  of  silver ;  it  is  also  decomposed 
on  being  treated  with  the  same  salts  as  the  salt  of  potash. 
T\m  salt  was  dissolved  in  acetic  add,  diluted  with  water,  and 
the  POe  precipitated  in  the  solution  (with  proper  precautions) 
by  a  salt  of  magnesia. 

Found.  Atom.  Reckoned. 
*0i3  gm.  tiibitiiice  g»Te  1-042  MgO,  P0«  » -m  fOf- 60-883  PO.  - 69'537 

Mtimated it tow-80-117  MaO-3IK68 
100*000  lOODOb 

Fonnuia,  NaO>  PO^ 
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LI.    On  the  Amount  of  Sulphur  and  Phosphorus  in  various 
AgHcultural  Crops.  By  Henry  Clifton  Sorby^  J^^^.* 

HAVING  thought  it  highly  probable  that  in  the  ordinary 
method  of  estimating  the  amount  of  sulphur  and  phos« 
phorus  in  plants,  viz.  by  burning  them  and  analysing  their 
a'^ho^.  tlirrc  might  be  in  many  cases  a  loss  from  portions 
being  rendered  volatile  by  contact  with  conibiistible  matter 
at  a  high  temperature,  I  was  induced  to  commence  a  series 
of  analyses,  employing  a  method  against  which  there  was  no 
such  objection,  and,  as  will  be  scen^  the  quaiitities  really  pre- 
sent in  various  plants  are  much  greater  than  has  been  hitherto 
•Btieipated.  Having  obtained  a  proper  specimen,  one  por- 
tion of  known  weight  waa  dried  at  212^  F.  and  weighed,  and 
another  in  precise!^  the  same  condition  was  employed  for  the 
analjaia,  the  amount  which  I  generaUy  iiaed  varying  with  the 
dryness  of  the  substance  from  200  to  500  gra.,  which 
was  cut  into  pieces  if  necessary,  and  mtroduced  into  a  flask, 
and  carefully  heated  with  pure  nitric  acid,  a  little  water  being 
added  if  the  ?:ubstancc  was  a  dry  one.  No  large  quantity  of 
the  acid  is  i  <  ijuired,  find  a  gentle  heat  is  kept  up  until  the 
whole  is  ^^red  down  into  a  5Tllowi8h  pulpy  mass:  water 
is  then  ad^kd,  the  whole  boiled,  and  when  cold  filtered  and 
washed,  there  being  invariably  a  quantity  of  white  fibrous 
substance  left  undissolved.  To  the  yellowish  solution  thus 
obtained  nitrate  of  baiyta  was  next  added,  and  though  at  first 
perhaps  no  piLcipitate  was  formed,  sulphate  of  buyta  was 
gradually  deposited,  and  after  standing  for  a  day  or  so,  the 
precipitate  was  collected  on  a  filter,  washed,  diisdy  ignited  and 
weighed,  from  which  the  amount  of  sulphur  was  calculated. 
It  is  well  to  ascertain  whether  it  is  pure  sulphate  of  baryta, 
by  adding  to  it  after  weighing  a  little  hydrochloric  acid,  since 
sometimes  there  was  present  a  little  carbonate,  which  of  course 
produces  effervescence,  and  when  thnt  is  the  case,  which  sel- 
dom occurred  to  any  btit  the  most  trilling  extent,  the  amount 
is  easily  ascertained  anil  a  ]rra[)er  deduction  made,  to  obtuiu 
the  true  weight  of  the  sulpiiate  alone. 

To  the  solution  filtered  as  above,  I  next  added  acetate  of 
lead  in  moderate  quantity,  and  then  caustic  ammonia  in  slioht 
cxoessy  filtered  and  washed  the  precipitate.  When  dry  Voom 
precipitate  was  careftdly  calcined  in  a  porcelain  cruciblie  over 
a  hmp,  at  as  low  a  temperature  as  convenient,  stirring  with 
a  glass  rod  until  the  whole  was  converted  into  a  mixture  of 
metallic  lead,  oxide  and  phosphate  of  lead.  These  were  then 
dissolved  in  nitric  acid,  and  ammonia  added  until  a  consider- 

*  Communicated  by  the  Chemical  Societjr;  having  been  read  Dec.  7» 
1846. 
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able  precipitate  of  siibintratp  was  formed,  when  on  atlcUng 
ftcetic  acid  the  whole  of  the  piu)>pliate  alone  w  as  left  insolul)le, 
whicli,  after  standing  awhile,  was  collected  on  a  iiltcr,  waslied, 
dried,  ignited  and  weighed,  and  the  uiuouut  of  pliobpiiorus 
obtained  by  calculatiott.  That  this  method  is  ccnrect,  and  that 
the  phosphate  which  is  thus  obtaiDed  is  Pb^  P  Oa»  I  have 
proved  by  experiment. 

It  must  be  borne  in  mind  that  the  amomits  given  below 
are  those  of  sulphur  and  phosphorus,  I  having  thought  it  right 
to  give  them  as  such,  and  not  as  sulphuric  and  phosphoric 
acidsj  since  most  c  ertainly  they  do  not  exist  invariaDly  as 
such  or  as  tlu  ir  in  plants,  and  I  th(  r(  tore  sec  no  reason 
why  they  should  not  be  given  as  elemeuLd,  like  the  amounts 
of  carbon^  nitrogen,  oxygen  and  hydrogen  as  usually  given 
in  such  analyses. 

The  plants  analvsed,  with  only  three  exceptions^  viz.  the 
rye^  mangel-wurzei^  and  hops,  were  obtained  from  the  fields 
in  which  they  were  growing  by  myself  and  hence  I  can  vouch 
for  their  freedom  from  impurities,  and  have  no  doubt  the 
others  were  as  much  so  as  possible. 

TMe  of  the  Amounts  of  Sulphur  and  Phosphorus  in  various 
Agricultural  Crops,  calculated  in  100  parts^  dried  at  31  F« 
until  the  weight  remained  eonstaut. 


Nantc  of  Plant,  &c. 


of  gnus  {Pf/a  pakMrtt  tnd  /rf»<ilu,  1 

Feutttca  pra/eitsis,  Ci/ not  unit  cHatuhu)   J 

R}-c  grm^  {Lotimm jpertime)  *  •■«..*  

ItftHan  r>c  0in    •  »....*......«.  

Ilcd  clow  (TVi^UhMi^rataiM)  

Ditto  


Very  itm  wWte  elorer  (T.  rqmu) 

OrtUnar>'  ditto   

Veiy  Am  trefoil  {Msdicaffo  luptilim) 
lMe«n  {M,  mti¥»)  

Ditto  < 

Ditto   , 


Lints  {f'icia  ftaliva)  

Kidney  potatMt  {Solmmm  hAwnmm)  « 

Ditto,  tO]is   

Ditto,  fruit  

Americas  MSItc  polltOai  •..•..........«•... 

Ditto,  tops   

Cjtrroi  {Daucvi  car ot a)  

Ditto,  tops  

Maagcl-wurze)  {Bfia  alliuir  ^ 

Ditto,  tons  ..........r..*  

Early  7vww4o|i  trni^  {Brndea  nqM) 
Ditto  


•880 

•107 
•087 
•099 
•Ifil 

•274 
•152 
•2<t3 
•178 

•im 

•071 
•082 
•20fT 

•745 
•058 
•502 

•;;5i 

•421 
•;5li 
•61& 


•104 

'l^ 
•145 

•149 

•lai 

•1H3 
•131> 
•052 
•04f; 
•215 

•xy,\ 

•IHii 
•21. J 

•;{57 

•51>7 
■212 
•4S3 
•255 
•889 
•l.W 
•29.1 
•,352 

•;m6 
•880 
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Swede  turnip  (BrttMrtce  oieracta) 

Ditto,  toj<s   

Rape  {IS.  olei/era)   

Dnrai-toid  cabbage  {B.  campestris) 


out  of  flower  •  

Ditto  

Bar  of  whoit  when  the  gr^  wia  Ibnned,  but  milky. 
Straw  from  the  above  *•>*.**, 

Ear  of  wheat  whcji  ripe  

Stmtr  from  the  above   

Ueil  wheat  ...••*.•..••••.,..*........«•.....•.  

l>itto,  straw  

White  wlicat  from  the  same  field  as  the  above  rud  ... 

Ditto,  straw   «...  ,  

Wheat  (another  5aiu|)lc)   

T^it t Of  cl liiii*   •*•••.•••>.*»•*.••.»•>•<•<■*<«••.*»•*.«. I. 

Vor>-  fine  barlef  {Hordemn  disOehum)  

Ditto,  straw   

Rat lier  poor  barley  

Ditto,  straw  .......<•.* 

IJarley  jilnnt  when  in  llower   


Ditto  in  flower  

Green  oats   

Straw  of  ditto  

l^lack  tartananORto  

Straw  of  ditto  

White  oats  

Straw  of  ditto  

White  oats  (another  sample)   .., 

Straw  of  ditto  

Rye  eara  (&eafe  cereab)  when  young 

Straw  of  diltO   

K)e   

Bean  pUuit  (yieia/aia)  in  flower  .... 

Beanis  •«•••>  

Ditto,  straw  

Peas  (Pmmh  tathtm)   

Ditto,  straw   ..**••*. 

Fme  hops  {HwmUut  lujmtm)   *. 

Bind  of  ditto  


Snlflnirt 

■ 

1  FhotfiheiM. 

•I7i 

•458 

•250 

•448 

•?33 

•431 

•2G7 

•1.51 

•248 

•170 

•140 

•075 

•371 

•132 

•(«»(> 

•3;t(; 

•213 

■043 

•070 

•3(]3 

■'2U:i 

•070 

•(>.">  1 

•:>r,i] 

•207 

•112 

•O.'i  1 

•4  10 

•o:>i 

•2.-^2 

•U()(5 

■lil8 

•3.'M) 

•0S7 

•040 

■:iG7 

•313 

•Ofjj 

■'2:\r, 

•22(1 
•1S'» 

•i2r» 

•v.n 

•IHI) 
•317 

■329 

■128 

•(ISO 

•381 

•271 

•1 10 

•ODO 

-334 

•401 

•153 

•(•7 1 

•3S2 

•lya 

•057 

•07« 

•099 

•ir.3 

•051 

•ItiO 

•045 

•258 

•071 

•fiO<) 

•148 

•2;i3 

•158 

•206 

•214 

■o7*; 

•127 

j74 

•091 

•138 

From  the  above  analyses  it  will  be  seen  bow  very  much 
the  amoants  vaiy  in  some  cases^  whereas  in  others  they  are 
pretty  constant.  This  variation  may  ppobitbly  be  occasioned 
by  thiat  of  the  amount  of  phosphates  and  sulphates  in  the 

soils.  I  have  observed  as  a  jrcneral  ruli*,  that  the  finer  the 
quality  of  the  specimen  the  larger  the  proportions  of  sulphur 
and  phosphorus  present;  thouLrii  in  tho  rase  of  lucern,  in 
M  hicli  the  phosphorus  varies  as  imu  li  as  m  any  crop  of  which 
I  have  aiiaiyseu  a  sufficient  niinibcr  of  specimens  to  be  able 
to  give  an  opinion^  all  the  samples  were  growing  luxuriantly. 
It  may  be  presumed  that  when  the  amounts  vary  so  much. 
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^thout  appareDtljr  affecting  the  growth  of  the  plant,  the 
particular  constituent  so  varying  is  not  of  such  importance  for 

the  plant  as  when  more  constant. 

It  uill  be  observed  that  in  many  plants  diticrent  parts  re- 
quire ditierent  constituents,  which  indeed  is  well  known  ;  as 
for  instance  in  the  case  of  wheat  it  is  probable  that  an  abun- 
dance of  sulphates  in  the  soil  would  produce  fine  straw,  and 
of  phosphates,  fine  grain^  and  the  converse,  other  necessary 
constituents  being  present. 

It  may  also,  perhaps,  be  inferred  from  these  analyses  that 
when  grain  is  growing  and  ripening  the  amount  of  phosphorus 
increases  in  greater  proportion  than  the  total  weight,  and  di- 
minishes  in  the  straw,  the  grain  abstracting  that  constituent 
from  it.  Similar  inferences  may  perhaps  be  derived  firom  the 
above,  many  of  which  are  given  for  such  purposes. 

The  table  fjiven  below  is  a  practical  application  of  these 
analyses,  being  intended  to  show  the  quantities  of  gjpsum 
and  bone-phosphate  of  lime  represented  by  the  sulphur  and 
phosphorus  which  are  removed  annually  from  an  acre  ol  land 
by  the  respective  crops  ^  being  also  that  which  should  be 
added  to  already  fertile  land  to  maintain  it  in  that  condition. 
No  allowance  for  what  would  be  removed  by  drainage  is  made, 
as  that  is  too  uncertain  in  its  quantity,  and  cannot  in  many 
eases  be  at  all  material,  or  else  uncultivated  natural  lancu 
would  long  ago  have  bmme  sterile.  The  quantities  so  re- 
moved are  no  doubt  compensated  for  by  the  disintegration 
of  the  substrata,  and  the  saperficial  removal  of  exhausted  soil 
by  washing. 

In  such  a  calculation  as  this,  however,  it  is  aficctation  to 
pretend  to  great  exactness,  the  elements  which  unavoidably 
cuter  into  it  being  so  variable.  The  cpiaiiUiies  on  which  I 
have  calculated  are  the  greatest  which  are  shown  in  the 
analyses,  unless  where  the  variations  are  given,  when  I  have 
taken  the  extremes,  and  the  weight  of  crop  per  acre  is  what 
I  learn  to  be  a  medium  between  the  very  best  and  average 
crops ;  but  I  am  most  willing  to  confess  that  I  am  not  mysSf 
piacticaUy  acquainted  with  this  part  of  my  subject,  and  hence 
cannot  answer  for  their  absolute  correctness,  but  have  ob- 
t;uTif  fl  tbcm  from  the  best  authorities  accessible  to  me.  The 
(  sjiai'y  alterations,  however,  arc  easily  made  by  any  one  for 
himself,  from  the  data  I  have  given,  but  I  think  they  cannot 
be  far  wrong.  The  ({u;intities  are  pouuds  of  gypsum  and  bone- 
phosphate  of  lime  removed  irom  one  acre. 
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Wcifht  per 
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Clover  hay  (one  crop)   
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Linto   

Wheat   

Ditto,  straw  

Barley   , 
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LI  I.  Observations  an  the  oxidizing  power  of  0.rfff/en  when 
disengaged  by  means  of  Voltaic  Electricity,  By  H.  Kolbe, 
Esq.,  Ph.D.* 

TN  describing  in  a  former  paper  t  the  properties  of  sesqui- 
chloro-carbohyposulphuric  acid^  I  stated  that  this  bodv 
resists  the  action  of  the  most  powerful  oxidizing  agents,  such 
as  chromic  acid,  nitric  acid,  and  even  nitro-hydrochloric  acid. 
I  likewise  stated  the  change  it  undergoes  by  the  action  of 
a  voltaic  current,  when  an  easily  oxidizable  metal  is  used 
for  the  positive  pole.  By  this  means  another  copulated  acid 
is  produced,  in  whirh  one  or  more  equivaleut  s  of  chlorine  are 
replaced  by  corrcspoudiit^  proportions  of  hydi'ogcn. 

I  have  since  observed  that  this  acid  is  completely  decom- 
posed on  employing  two  jplatina  plates  as  electrodes  j  by 
which  arrangement  oxygen  is  disengaged  at  the  positive  pole. 
The  following  details,  which  contain  a  more  perfect  account 
of  this  observation,  I  hope  will  be  acceptable  to  the  Sodety. 

•  Comnunicsted  by  the  Chemical  Society ;  haviog  been  rend  Dec.  7« 

1846. 

f  Liebig's  AnnaUn  der  Chemie,  liv.  pp.  156,  iUO. 
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Oo  deoonroooDg  a  oonoentrated  aolotioii  of  aesqnicUoio- 
carbohyposulphate  of  potash  by  a  strong  voltaic  oumnt  (ob- 
tained by  four  elements  of  Bnnsen's  battery),  at  the  com* 
menoement  no  hydrogen  can  be  obsers'ed  at  the  negative 
pole  in  consequence  of  the  formation  of  the  above-mentioned 
copulated  acid.s,  whilst  chlorine,  carbonic  acid,  and  afterwards 
oxygen,  are  evolved  at  the  positive  ])ole.  At  tlic  moment  de- 
com])osition  commences  a  distinct  acid  reaction  of  the  ^;olu- 
tion  is  perceptible,  owing  to  the  formation  of  free  hydrochlo- 
ric and  sulphuric  acids ;  in  a  later  stiige  of  the  process,  these 
acids  increasing  in  quantity,  hydrogen  appears  at  the  negatiVo 
pde,  until  finally,  after  all  the  hydroohlonc  acid  haa  beoi  de- 
oomnoeed,  and  the  disengagement  of  chlorine  has  ceased, 
small  octahedral  crystals  of  perehlorate  of  potash  are  deposited 
from  the  solution,  which  now  contains  a  large  amount  of  free 
sulf^uric  acid  and  bisulphate  of  potash.  The  formation  how- 
ever of  perchloric  acid  in  this  process  is  always  preceded  by  that 
of  chloric  acid  ;  for  on  evaporating  the  solution  in  an  earlier 
stage  of  the  decomjyosition,  beside  the  before-mentioned  oc- 
tahedral crystals,  the  weli-kuown  rhombic  plates  of  chlorate  of 
potash  are  obtained. 

The  following  furmida  represents  the  most  probable  de- 
composition sesquichloro-carbohyposulphuric  acid  undergoes 
by  tiM  notion  of  a  voltaie  currents— 

fKOH-aO, 
KO+C« €9,8,05!  2SOs 

laol  2COj 

The  production  of  perchlonc  acid  in  an  acid  solution  is 
certainly  a  fact  worthy  of  attention,  for  according  to  all  the 
observations  hitherto  made,  combination  between  chlorine 
and  oxygen  could  only  be  etl'ected  in  presence  of  a  free  alka- 
line basis  ready  to  unite  with  the  newly-tbrmed  acid;  but 
nsccrtained  as  it  is  by  a  great  number  of  careful  experiments, 
it  is  another  proof  of  the  uupuralielcd  negative  power  of 
oxygen  when  erolved  by  means  of  voliaie  action. 

T^ese  observations  induced  me  to  make  the  fiiUowing  ex- 
periments. 

A  neutrsl  solution  of  diloride  of  potassium  wss  decomposed 
in  the  same  manner  by  a  strong  voltaic  current ;  it  imme- 
diately became  alkaline,  whilst  hydrogen  and  chlorine  were 
disengaged.  The  formation  of  chlorate  of  potash,  which  took 
place  under  these  circumstances,  can  evidently  be  considered 
only  as  the  result  of  the  ordinary  chemical  action  of  chlorine 
upon  caustic  potash.  On  mixing  however  a  solution  of  chloride 
of  potassium  with  sufficient  sulphuric  acid  to  set  iree  all  the 
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muriatic  acid,  and  passing  the  voltaic  cuirent  through  it  aa 
before^  chlorate  of  potasli  was  nevertheless  formed,  which  waa 

subsequently  con  verted  into  perchlorate  of  potash. 

The  transformation  of  oxy-acids  of  chlorine,  such  as  hquid 
hypochloric  acid  (CIO4),  or  of  a  solution  of  chlorate  of  potash, 
into  perchloric  acid  by  means  of  voltaic  actioii,  has  beeu  men- 
tioned by  Berzehus.  I  have  ascertained,  moreover,  that  when 
a  voltaic  current  is  passed  through  hypochloric  acid,  espe- 
cially when  previously  mixed  with  some  sulphuric  acid>  nee 
chloric  and  perchloric  acids  arc  formed,  after  the  disengage- 
ment of  a  considerable  quantity  of  chlorine. 

A  concentrated  solution  of  chloride  of  ammonium  evolves 
hydrogen  at  the  negative  pole  but  neitlirr  oxygen  nor  chlo- 
rine at  the  ])08itive  pole.  But  the  surface  of  the  platina 
plate  representing  the  latter  jjole  is  covered  with  small  yel- 
lowish oily  drops  of  chloride  of  nitrogen,  \vhich  as  soon  as  the 
two  poles  arc  brought  into  contact  decomposes  a  more 
or  less  violent  ea^losion,  chlorine  and  nitrogen  being  evolved. 
This  experiment  Illustrates  at  once  the  formation  of  this  com- 
pound and  its  highly  explosive  character. 

Cyanide  of  potassium  if  dissolved  in  water  is  easily  oxidized 
by  a  voltaic  current,  and  converted  into  cyan  ate  of  potash, 
but  I  did  not  succeed  in  obtaining  a  percyanate  of  potash.  I 
was  not  more  successful  in  endeavouring  to  form  a  fluoratc  of 
potash  from  the  fluoride  of  potassium  by  tlic  same  means. 

I  have  not  prosecuted  my  experiments  further  upon  inor- 
ganic substances,  having  from  some  observations  on  the  be- 
haviour of  organic  compounds  under  the  action  of  the  voltaic 
current  obtained  results  of  so  much  greater  interest,  as  to  in- 
duce me  to  give  them  my  exclusive  attention  ;  and  at  a  future 
timCt  when  I  have  completed  the  investigation,  1  shall  beg 
leave  to  communicate  it  to  the  Chemical  Society. 


LIII.  On  the  Discovery  of  Silurian  Rocks  in  Comimll.  Bij  Sir 
Roderick  Tmfey  Murchison,  G.C.  Si.  S.,  F.R.S.,  V.P.G.S. 
8f  R.  Geuyr.  8.,  Honoranj  Member  of  the  Roijal  Geological 
Society  of  Cornwall,  Mem.  Imp.  Acad.  Sc.  St.  Petersburg ,  Corr, 
Hoy,  Inst  France,  ^c.  In  a  lieHer  addressed  to  Sir  C.  Lemon, 
Bart.,  M,P,,  Presidenf  of  the  Royal  Geological  Society  of 
Cornwall, 

Mv  DEAR  SiH  Charles, 
¥  N  compliuucc  with  the  promise  I  made  when  attending  your 
last  anniversary  meeting  at  Pensance,  I  now  give  you  a  more 
decided  opinion  than  I  was  then  enabled  to  do,  respecting  the 
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age  of  the  lowest  and  oldest  of  the  aedimentanr  xocks  of  Coni- 
waU. 

Not  having  seen  the  fossiU  collected  by  Mr.  Peach  on  the  south 
coast  of  Cornwall,  I  then  found  it  difficult  to  come  to  any  other 
conclusion  than  that  at  which  Prol'i  vsor  Scd^'wick  and  myself 
had  long  ago  ai  ii\cd ;  viz.  that  with  the  exception  of  the  pre- 
sence,  in  the  north-eastern  extremity  of  the  county^  of  a  portion 
of  the  eufaniferoas  (carbosuferoos)  troagli  of  oeatial  Devon,  the 
femaming  and  imderlying  stnta  of  CkHrnwaU  were  of  the  age  of 
the  Devonian  or  Old  Bied  system.  ThefewGonuahfoasila  widi 
were  then  shown  to  me  in  your  museum,  were  unquestionably 
tunilar  to  those  with  which  I  was  formerly  familiar  in  Devon- 
shire and  North  Cornwall^  as  well  as  with  those  of  the  Rhenish 
provinces  and  the  Eifel,  wliirli  Profrssor  Sedgwick  and  nn  sflf 
had  shown  to  occupy  a  like  'loL:K;d  position.  They  were^  in 
fact,  forms  of  the  same  type  as  tiiose  which,  at  the  susrgestion  of 
Mr.  Lonsdale  and  with  the  assistance  of  Mr.  James  Sowerby  on 
one  oceasiou*,  and  wiili  the  help  of  MM.  de  Vemeuil  and 
d^Aiehiac  on  anotherf^  we  had  publiahed  as  chancteriatic  of  a 
group  of  mtennediate  dianMte8,pertcinui^  stntalying  beneath 
the  eBiboniferona  rocks  and  oAm  the  Silurian  system.  In  a 
wordi  they  were  identical  with  Boine  of  the  numerous  fossils  of 
Devon  and  North  Coniwall,  publiahed  in  the  work  of  Professor 
Phillips^;  who,  in  pointing  out  in  certain  tiacts  the  connexion 
•  of  this  group  with  the  carboniferous  fossils,  which  he  had  so  well 
described,  and  in  others  with  tlie  Sduriau  forms  1  had  published, 
had  also  concluded  that  tlie  ♦>:reat  mass  of  fossilifcrous  strata 
which  rise  up  from  beneath  the  culm  measures  of  central  Devon 
were  of  the  same  intermediate  characters.  In  his  valuable  Majjs 
of  Cornwall  and  Devon,  Sir  H.  De  la  Beche  gave  essentially  the 
same  views  of  geological  sueoession;  and  iaatly^  in  his  Beport 
upon  the  geological  atructure  of  that  region^  he  described  certain 
detailed  sections  in  the  southern  districts  of  Cornwall,  to  which 
I  wiU  presently  advert. 

In  proposing  the  word  "  Devonian,"  as  applied  to  the  inter- 
mediate strata  in  question.  Professor  Sedgwick  and  myself  for- 
tunately thus  (pialiticd  our  meaning  in  regard  to  the  extension 
of  such  rocks  into  Cornwall : — "  Tii  asserting  tliat  the  stratified 
rocks  of  Devonsiiire  and  Cornwall  are,  upon  a  broad  scale,  the 
equivalents  of  the  Carboniferous  and  Old  Hcd  systems,  we  d(j  not 
however  deny,  that  iu  certain  tracts  the  lowest  members  of  some 
of  tkeee  roeh  may  represent  ike  upper  dmekn  of  the  mkrim 
jytton;  for  alUiough  we  have  ^  yet  found  few  if  any  of  the 
IbsBik  most  typical  of  that  systemj  we  admit  that  when  the  sedi** 

•  Tnms.  Oeol.  Soe.  a.  t .  t»1.  t.  p.  883.  f  Ibfd.  vol.  ri.  pp.  221, 303. 
T  Palvosoic  FossiU  of  Devon  and  Cornwall. 

FhU.  Mag.  S.  3.  Vol.  30.  No.  202.  May  1847.         2  A 
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meats  of  a  given  epoch  bave  been  aoeumtilated  under  peculiar 
conditions,  we  must  expect  to  find  considerable  ▼ariations  in  Uie 
forms  of  animal  life.  Again^  we  know  that  the  roclu  of  thia 
region  have  undergone  great  ebanges'  in  assuming  their  liard 

and  slaty  cliaractcr ;  and  under  such  circumstances,  the  difficulty 
of  precisely  limiting  the  boundaiy  line  of  any  portion  of  them  is 
prodigiously  iiicreai*ed*." 

The  truth  is,  that  neither  Sii-  II.  Dc  hi  Beehc  and  Professor 
PhiiUps,  nor  Professor  Sedgwick  and  liiysclf,  had,  at  tlie  time 
»when  our  works  were  published,  seen  any  fossils  firom  Souik 
Cornwall  sufficiently  distinct  to  warrant  the  conclusion^  that  it 
contained  forms  of  an  older  type  than  those  which  h$d  been 
detected  in  North  and  South  Devon  and  in  the  west  of  Cornwall* 
It  was  therefore  believed  (and  all  geological  maps  were  coloured 
accordingly)  that  the  zone  of  rocks  occupying  the  southern 
headlands  oi'  ( 'ornwnll,  between  the  Bay  of  Plymouth  on  the  east 
and  the  Lizard  Head  on  the  west,  were  simply  downward  expan- 
sions of  the  fossilil'erous  "  Devonian  "  strata.  In  this  state  of 
the  question,  your  associate  Mr.  Peach  began  his  hibours  in  col- 
lecting fossils  along  the  southern  headlands  of  Cornwall.  He 
first  ascertained  that  certain  forms  first  discovered  by  Messrs. 
Couch  in  the  ( nvirons  of  Polperro  were  fishes,  which  he  exhibited 
at  the  Cork  Meeting  of  the  British  Association,  and  conceming 
which  Professor  Phillips  and  myself  could  only  venture  (so 
obscure  difl  thov  nppcar  to  ns)  to  give  tho  p:iiardea,  thoup:h  sup^- 
gcstive  opinion,  which  Mr.  I'<  ;trh  has  recordtd  hi  yoiu'  thirtieth 
lieport.  I  then  venturtd  i  i  -unnise,  that  these  ichthyolites 
might  belong  to  the  Upper  Silm  lau  rocks,  the  oldest  in  which 
the  remains  of  any  vertebrated  animals  had  yet  been  discovered, 
because  *'  they  occurred  in  rocks  forming  the  axis  of  South  Bevon 
and  Cornwall,  which  I  had  always  considered  to  be  the  oldest  in 
that  country." 

In  pursuing  his  researches,  Mr.  Peach  ]jub]iahed  m  1844  a 
synopsis  of  the  Cornish  fossils  from  various  localities,  in  which, 
h«'>id(  s  the  ichthyolites  of  Polperro,  he  identified  8e\  cral  niollusca 
from  Gorrnn  Haven,  Caerhaye*i,  and  Carn  Gormn  Bay,  with 
typical  ISiluriaii  species.  These  were  the  fossils  I  was  so  anxious 
to  see  at  Penzance ;  and  jVlr.  Peach  ha\  ing  obhghiglv  forwarded 
them  to  mc  in  London,  I  no  sooner  unpacked  the  box,  than  I 
found  that  true  Silurian  and  even  Lower  Silurian  rocks  existed  in 
Cornwall, — the  proofs  being  the  presence  of  certain  simple-plaited 
Grtftidte,  which  are  invariably  typical  of  that  age.  But  although 
Mr.  Peach  had  mmc  to  a  correct  general  conclusion,  the  specific 
names  he  attaelied  to  tlie  Soutli  Cornisli  fossils  in  your  tliirticth 
Beportarc  not  correct.  Inresp(  1 1  luthe  iclithyolitcsixom  the  slates 
•  FluI.M«g,  lba^,vol.Juv.p.2il. 
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of  PolpciTo,  IVntuaii,  &c.,  they  have  been  referred  to  our  mutual 
friend  Sir  Fiiilij)  Ivj-erton,  who  is  better  versed  in  tlio  rlfissifira- 
tion  of  Agassi z  tbau  uuy  of  our  countryiuen,  and  he  ihut^  w  niea 
to  me  conceruiiig  them: — i hc:3e  remaiu«  are  very  eiiigniaiicid, 
aud  i  cannot  identify  a  single  specimen  with  any  form  I  know. 
I  do  not  think  any  one  of  the  fragments  bdongs  either  to  Ce^ 
pkakupk  or  HoloptyMu,  The  neareit  a])proaeh  ie  to  BothHo^ 
lepit.  The  tenl  fin  named  by  Mr.  Peach  Onekua  Murehuom 
iA(gum>)  IS  not  that  species,  as  fiir  as  I  ean  'detannine  fr«nn  the 
description  of  Agassiz,  unless  it  be  a  more  perfect  spedmen  than 
he  has  seen.  The  longitudinal  ribs,  instead  of  being  uniform 
(as  figuird  by  Agassiz),  are  notehcd,  more  after  the  manner  of 
Vtenacantkus,  The  Other  Onclins  may  be  0.  tetiuiserratuSf  but 
I  have  not  here  the  means  of  eomparison.  From  the  general 
aT)peuratiee  of  the  collection,  1  should  say  tiiey  differ  from  any 
Old  lied  or  Devouiau  tishcs  1  have  evei*  seen. 

If  these  ichthyolites  do  not  deeiaiTely  help  us  to  settle  the  age 
of  the  Polperro  sone  ol  roeks,  they  are  still  of  great  interest^  as 
heing  the  only  group  of  fishes  worth  noticing  which  has  been 
found  in  the  older  rocks  of  Bcvonshire  and  Cornwall*;  and  also 
as  being  associated  with  shells,  whieh  Mr.  J.  Sowerby  identifies 
with  the  Bellerophon  (rilobaiua  (Sil.  Syst.)  and  the  Loxommti 
lincta  (Phillips).  The  first-mentioned  of  these  shells  is  charac- 
te'ristic  of  tlie  tile-stones  in  Herefordshire  and  Shropshire,  and 
is  also  found  in  strata  of  tlie  same  ai^e  in  Cumberland  (between 
Kirby  Lonsdale  and  Kendal),  which  form  the  njipt  ruiust  band 
of  the  Siluiian  roeks,  or  a  transition  from  ilie  Silurian  into  the 
Devonian  system.  Now  as  Professor  Sedgwick  aud  myself  had 
mfiened  that  the  limestones  of  Looe  and  Fowev  belonged  to  the 
lower  ealesreoas  sone  of  Devonshire^  and  as  the  sections  of  Sir 
H.  De  la  Becfae  show  that  the  Polperro  beds  dip  beneath  the 
Looe  and  Fowev  rocks,  the  zoological  evidences  seem  to  hanno- 
nise  with  recorcled  physical  facts,  and  we  thns  obtain  reasonable 
grounds  for  believing,  that  the  lowest  Devonian  and  the  upper- 
most Silurian  strata  are  exposed  in  the  district  which  ranges 
along  the  shores  of  that  part  of  Cornwall,  by  Polperro,  PentoaUt 
&c. 

But  if  doubts  should  exist  as  to  whether  the  Polperro  slates 
ought  to  be  referred  to  the  bottom  of  the  Dcvoniuuor  t^jp  of  the 
Silurian  system,  the  discoveries  of  Mr.  Peach  in  the  headland  of 
tiie  Dodman,  and  in  the  prolongation  of  its  strata  to  Yerysn  Bay, 
completely  demonstrate^  that  still  older  and  mujuestionable  SUtt- 
rian  locks  are  there  present.   This  is  the  district  in  which  both 

*  Professor  PhiUipii  lufeuliuu!)  Iwu  very  iuipeti'tict  und  doulilful  ^caiesi  of 

tAm,  dit  one  io  Sosth  Devon,  tbo  other  in  North  Devon.  FaliBOCoic  Fot» 
nl^,p.183,ligs.2d6,257. 
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Professor  Sedgwick  and  Sir  II.  Dc  la  Boche  had  noted  the  exist- 
ence of  a  line  of  elevation*,  running  from  north-cast  to  south- 
west, which  bringing:  np  certain  quartzose  or  argillaceous  slates 
had  thrown  the  beds  off,  both  to  the  south-east  and  north-west, 
the  published  section  of  the  latter  having  clearly  indicated  these 
relations. 

The  foflsils  found  by  Mr.  Peadi  at  Oerrans  Bay^  as  determined 
hj  Mr.  J,  Soweityy,  are  Orthit  lata,  O.  arbieulani,  another  ipe> 
ciea  resembling  O.  pUeata,  and  a  fonrtili  idiidi  does  not  n»pear 
to  bave  been  pubhshed.  At  Caerbayes,  Mr.  Feacb  baa  eoUected 
otber  forms  of  Orthida,  one  of  which  approaches  nearest  to  tbeO. 
altemaiaiA  the  Silurian  system.  The  remainder  are  not^  however, 
refemble,  as  he  had  sujiposed,  to  Lept^tna  lata,  Terebratula  nucula, 
Atrypn  sfrintnhi,  kc.  The  fossils  Ironi  the  Great  Peraver  quarries 
in  Gorrun  Haven,  on  the  eastern  face  of  the  Dodman,  are  still 
more  decisive;  for  the  species  which  Mr.  Peach  has  named 
Oi ihts  jlahcllulum  and  O.  testtidinaria  both  Mong^,  unquestion- 
ably, to  the  Orthis  [callactis  M^)^  calUgramma  (Sd.  Syst.),  and 
with  it  is  a  form  tmdistingmthable  from  the  Orthis  {canalis) 
elegantula  (Sfl.  Syst.).  The  only  well-preaerred  triMUe  in  this 
rode  appeals  to  me  to  be  the  dUtftmne  pult^Uat  (Dalman) ;  a 
second  species  resembles  C.  Bhtmenbachii. 

No  one  accostomed  to  the  Falneozoic  rocks  can  throw  hu  eye 
over  the  fossils  from  these  three  localities^  without  atoncerecog- 
nising  them  as  true  SUurian  typcf;.  They  have  an  entirely  di- 
stinct fades  from  the  fossils  of  the  overlying  Devonian  systei^i, 
and  none  of  the  species  so  iit)nn(lant  in  ^orth-weslcrn  Cornwall 
are  here  present.  With  my  imjicrfeet  knowledge  of  thecomitn*, 
it  would  be  premature  to  say  that  subdiviijious  can  be  established 
in  this  highly  dislocated  region,  so  as  to  define  Upper  and  Lower 
Silurian  Mmds.  But  it  may  safely  be  asserted,  that  the  fossih 
of  Gorran  HaTen  are  Lower  Silurian  types ;  there  being  no  one 
nieeies  more  eminently  characteriatic  of  the  inferior  portion  of 
that  system  than  the  Orthis  caUigranma,  which  in  Shropshire  and 
the  adjaeent  Welsh  counties  is  found  to  ranse  downwards,  from 
the  verj'  uppermost  beds  of  the  Caradoc  sandstone  into  the  heart 
of  the  Snowdon  slates,  and  is  equally  typical  of  the  Tjower  Silurian 
rocks  of  Kussia  and  JSeandinavia.  At  the  same  tune,  i  do  not 
tiiiuk  that  the  Gorran  Haven  beds  lie  deep  in  the  Lower  iSiIorian 

*  Soc  Trans.  GeoL  Soc,  n.  1.1  Vol.  ▼*  p.  666 ;  and  Report  oa  Corawall 

and  Devon,  p.  S  J. 

t  Thb  shell  was  called  Orthit  eallacih  D  in  tlie  Sil.  Syst  pi.  19,  fig.  5, 
but  snbtequciit  comparisons  have  shown  that  it  is  identical  with  tbs  O.  col- 
ligramma  (Dalman)  of  Scandinavia,  Kiisvi  i  fo-. 

In  like  manner,  the  Orthit  canatit  of  the  Silurian  system  has  proved  to 
be  tlia  O.  eUgantula  of  Dalman ;  and  the  names  of  that  author  oeing  the 
eldest,  are  now  neeeMiily  adepted. 
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gi-oup ;  they  probably  represcuL  tlie  upper  portion  only  of  the 
Candoe  aandstone;  for  uie  (MMb  amm,  or  d^mbda^  and  the 
Odymme  pukhtUa'^  (Balm.),  cloaely  allied  to  C.  Bbimenbaehn, 
are  Wcnlock^  as  well  as  Caradoc,  fossils.  Judging  from  the  fos- 
sils  only,  I  should  say  that  the  beds  at  Gemma  Bay  with  the 
Ortkis  orbictUaris  are  younger  than  those  of  Peraver  and  Gorran 
Haven.  Time  and  careful  researches  will,  however,  detrnniiie 
this  question  of  detail,  and  all  I  can  now  ex[)rcss  is  my  opnuon, 
that  the  quartzos»€  rocks  and  kiilas  which  extend  from  the  tracts 
above  alluded  to,  to  the  mouth  and  centre  of  the  bay  and  harbour 
of  Falmouth  (probably  umch  further  to  the  south^wcst)^  are  of 
Silurian  age  alao. 

The  energy  of  Mr.  Peach  having  thua  afforded  us  the  key  b  v 
which  new  hghta  are  thrown  upon  the  suocesaion  of  Cornish 
Btrata»  I  eannot  but  hope  that,  wncn  the  government  ga>logical 
8ur\'eyors  revisit  Cornwall,  they  will  define  the  exact  dcmarca- 
tif>Tis  between  these  Silurian  masses  and  their  overlying  Devonian 
neighbours.  In  fact,  T  have  within  these  few  days  been  talking 
over  this  suhjoet  with  my  friend  the  Director-Generul  of  the  Sur- 
vey, and  he  iuia  puiuted  out  to  me  on  his  detailed  map,  how, 
from  the  enormous  flexures  which  the  strata  have  undei^ne  in 
their  range  from  Devon  into  Cornwall,  it  is  hi^^hly  probable  that 
Silurian  rocks  (the  equivalenta  of  those  alluded  to)  may  be  re* 
cognised  in  other  jiarts  of  Cornwall.  Thu.s,  the  qnartzosc  rocks 
of  Pydar  Down  or  Moor,  to  the  north  of  St.  Columb,  which  form 
an  cast  and  west  axis,  dipping  to  tlie  noi-th  and  south  under  fossiH- 
ferons  Devonian  strata,  may  (he  thinks)  prove  to  be  also  of  Si- 
lurian age.  But,  lorbearing  to  speculate  on  thcprobal;lu  results 
of  future  researehtrs,  it  is  my  decided  bilii  f,  that  the  slaty  rocks 
constituting  the  great  i$outhern  headland  of  Devoui^hiie,  at  least 
all  the  schists,  ftc.  to  the  north  of  the  Start  Point,  will  eventually 
be  classed  with  the  Silurian  group  of  South  Cornwall ;  .for  if  the 
Plymouth  group  of  Umcstoncs,  so  prolific  in  animal  remains^ 
afforded  us  the  means  of  deciphering  the  age  of  less  clearly  de* 
veloped  zones  on  the  same  horizon  in  Cornwall,  the  Silurian 
types  collected  l)v  ^fr.  Peach  mav  enable  us  to  carry  out  a  more 
correct  classilicatioTi  in  still  older  strata,  from  Cornwall  into  the 
obscure  southern  most  promontory  of  Devonshire.  In  the  mean 
time,  contuimg  ourselves  to  what  we  now  know,  it  is  manifest 
that  Cornwall  exhibits  in  ascending  order  from  north  to  south, — 
1st,  a  band  of  true  Silurian  rocks ;  2nd,  a  sone  of  intermediate 
character,  forming  a  transition  between  the  Silurian  and  Devo- 
nian ayatems;  8rd,  a  copious  Devonian  system,  characteriied  by 

*  The  Calymene  pulcheUa  (Dalm.)  occurs  both  in  the  inferior  part  of  tlis 
Uppcv  Silurian,  and  the  higher  part  of  the  Lower  Silurian,  in  Sweden,  Silu- 
ria  and  Wales. 
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lower  and  upper  limestones;  and  4tfaj  a  limb  of  the  eufaniferoiit 
or  carboniferous  basin  of  Devonshire. 

This  view  will,  I  tmat^  be  perfectly  inteUigibL  t  o  the  members 
of  your  Society  who  have  occnpied  themselves  u  ith  the  considera- 
tion of  this- branch  of  geology,  and  on  which  Mr.  H.  Q.  Couch 
has  recently  writtrTi  with  perspicuity  and  talent.  I  doubt.  Imw- 
ever,  if  anything  i  huve  stated  will  luake  a  due  impression  upon 
OTIC  of  that  number,  my  good-luiiuouiHid  antagonist  the  Rev.  D. 
\\  lUiauKs,  ul lose  views  of  the  Cornish  Buccession  uf  strata  seem 
to  be  opposed  to  those  of  ull  his  contemporaries.  Geologists, 
hammer,  who  liave  long  lived  In  ConmaU,  and  Iwfs  ao  well 
illustrated  its  mineral  stmctorey  will,  I  am  penntadedy  be  the 
first  to  admit  the  valne  of  the  Fakxnoio  cbssifieationi  whidi 
having  been  worked  out  and  established  in  traets  exempt  firam 
modi  dialoeation  and  alteratidn,  has  been  so  iq^plied,  as  to  enaUa 
US  to  interpret  the  true  history  of  the  hic:hly  convulsed  and  mc- 
tamorph'wed  rooks  of  their  conitv.  Tt  i^',  in  fact,  the  g^reatest 
trinmpli  vvIik  Ii  eould  have  hi  i  n  am  u  i[);ited  on  the  part  of  tliose 
who  have  sUadily  proceeded  iroiii  ihc  known  to  the  unknown. 

iA»okiug  from  your  own  country  to  the  opposite  side  of  the 
channel,  you  arc  doubtless  well-aware  that  there  is  the  strongest 
analog  between  the  slates  and  granites  of  Cornwall  and  those 
of  Bnttany  and  Normandy.  Many  persons  have  remarked  upon 
the  strong  resemblance  between  the  Mounts  St  Miehael  in  the 
two  eonntries ;  and  no  one  can  have  traversed  these  two  regions, 
vrithont  perceiving  that,  just  as  they  evidently  belong  to  the 
same  mineral  type,  so  are  their  respective  inhabitants  desrcTidt'd 
from  a  common  ^^i^ock,  whose  names  of  places  have  passed  down 
to  their  Frein  !)  and  Enjrli'^h  descendants.  The  existence  oi 
Cai'adoc  sandstones  and  otlier  Silurian  rocks  in  that  part  of 
France  having  been  already  indicated  (Devonian  and  carboui- 


hiatorical  records,  bv  which  these  widely-sepaiated  reaidmeea  of 

the  Celtic  race  are  illustrated.  • 

With  regard  to  the  highly  mineralized  or  metamorphoaed 
eonditions  of  great  portions  of  die  killas  and  8andstr)ne  of  Corn- 
wall, I  can  dt)  little  more  than  refer  von  to  tlie  few  observations 
I  made  at  your  anniversary  meeting,  and  of  which  a  bhef  abstract 
has  appeared  in  your  newspapers.  There  are,  as  you  well  said 
in  vonr  auniversarv  dir^cuuisc,  many  analoiries  l)etween  the  mo- 
tuiuorphic  rocks  of  Cornwall  on  the  ouc  huuil  and  thos>c  of  Scan- 
dinavia and  the  Ui*al  mountains  on  the  other ;  whilst  the  paral- 
lel is  now  drawn  cloaer  by  the  recent  discovery  of  the  Corniah 
Silurian  rocks.  Tour  last  erupted  granites,  divans,  and  porphy* 
ries,  have  played  exactly  the  same  part  in  traveramgyonr  Pwno* 
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soic  sediments,  as  like  rooks  have  doTie  in  Norway.  Cornwall 
may  also  he  roTn pared  to  large  portions  of  Siberia,  and  notably 
to  the  Ural  niouutuius,  whose  chief  eruptions  have  taken  place 
through  tleposits  of  Silurian,  Dcvoniau,  and  carboniferous  age. 
In  both  countries  the  eruptive  rocks  arc  granites,  porphyries, 
greenstoDes  and  serpentineB :  even  in  their  raperficbl  aocumula^ 
tions  there  is  thit  striking  teaemblaiice,  that  the  Cornish  detritns 
and  gravel  (as  clearly  pointed  out  hy  Mr.  Came)  is  purely  local, — 
the  county  being  quite  as  exempt  from  all  far-transported  mate- 
rials as  the  Ural  mountains  and  Siberia.  AVith  this  absence  of 
all  forcifru  transport  or  drift,  Cornwall  is  as  instructive  as  the 
Ural  in  never  exhibitinpi:  those  "roches  nioutonnecs"  and  those 
})olislied  and  striated  surfaces  which  have  (in  niy  opinion)  been 
bo  crroncouhly  i-efcrred  to  the  actioti  of  iuud  glacicrii,  in  all  those 
low  regions  of  the  earth,  where  tibj^  have  dearly  beoi  caused  hy 
the  action  of  powerful  aqueous  drift,  in  the  manner  I  have  else- 
where attempted  to  explain'*'. 

Your  stannifermtt  gravel  bears,  indeed,  precisely  the  same  re- 
lations to  your  granite  and  Isillns,  as  the  auriferous  deposits  of 
the  Ural  to  the  eruptive  and  schistose  rocks  of  that  chain.  Both 
arc;  mere  local,  shingle  accumulations,  derived  from  veinstones 
which  have  been  denuded  from  the  surface  of  adjacent  crystalline 
rocks.  With  these  analogies  there  is  however  a  niui  ked  disstmc- 
tion  between  Siberia  and  Cornwall.  All  richly  auriferous  chains 
(Humboldt  first  remarked  the  fact)  have  a  meridian  direction,  as 
in  the  Ural,  and  various  north  and  south  parallel  ridges  in  Si- 
beria and  other  parts  of  the  globe.  The  axis  of  Cornwall,  on  the 
contrary,  is  transverse  to  that  direction,  vis.  from  E.N,£.  to 
"W.S.W. ;  and  though  containing:  copper  ore  in  common  with 
tli<'  Russian  mountmns,  it  ditfers  from  them  in  not  producing 
gold  or  platinum  ;  whilst  it  is  peculiarly  distinguished  by  con- 
taining tin,  wliieli  is  unknown  in  the  Ural.  Let  us  ht»pc  that 
the  day  is  fast  approaching,  when  the  cause  of  the  production  of 
such  striking  pluenomena  as  these  will  receive  some  explanation 
at  the  hands  of  those  physical  philosophers,  who  are  advancing 
a  line  of  research  in  which  your  own  countryman  Mr.  B.  W.  Fox 
has  already  so  distinguished  himself.  But  if  gold  does  not  exist 
(in  any  appreciable  quantity  at  least)  in  your  otherwise  richly 
endowed  minernl  eourity,  there  are,  I  am  happy  ^nv,  irood 
grounds  for  hope,  that  m  their  luost  distant  ^reat  colony  iMiLrlish- 
men  mav  find  it  abundantlv.  in  an  address  to  the  Koval  Geo- 
graphical  Society,  delivered  m  May  1845,  when  commenting 
upon  Uie  valuable  labours  of  Count  Strzelecki  in  deciphering  the 
structure  of  the  great  north  and  south  chain  which  ranges  idong 

*  See  Russia  in  Europe  and  Ural  Muuittuitiiii  aud  Jouiiiul  of  the  Geol. 
SoCtf  No.  8  a 
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tilt'  eastern  shores  of  Aiistmlia,  I  specially  iusisted  upon  its  stri- 
kuig  ri-seiablance's  to  the  Ural  mountains,  whether  in  direction, 
ill  »tructin*e,  or  in  alluvia ;  remarking,  by  the  way,  that  as  xjet 
no  p^ld  had  been  found  iu  this  alluvunn.  I  now  kai  ;i,  however, 
IhuL  line  specimens  of  goM  have  been  found  on  the  western  ilank 
of  the  Aoitndiui 

Bathnnti  where  it  ooenn  in  nagments  oompoeed  of  the  same 
matrix  (viz.  quartz  rock)  as  in  the  Ural.  My  friend  and  aaao- 
eiate  in  the  Imperial  Academy  of  Pefeeniburgy  Coknel  Heknenen, 

haa  a]so  recently  snggested,  that  a  careful  search  for  gold  ore  in 
tiie  Austrahan  detritus  will,  it  is  highly  probable,  lead  to  its  de- 
tection in  abundancr  ;  ^iiuv  the  Ihissians  had  long  colonized  the 
Ural  mountains,  ;m(l  had  tor  many  years  worked  mines  of  mvi^- 
netic  iron  and  copper  in  solid  rocks,  before  the  neirlected  shingle, 
gravel  and  sand,  on  the  slopes  of  their  liills  and  lu  their  valleys, 
were  found  to  be  auriferous.  If,  then,  in  the  course  of  your 
statistical  inquiries,  you  may  know  of  any  eood  Cornish  miner 
aboat  to  aeek  hia  fortune  in  AnBtialia»  he  pleaaed  to  tell  him  to 
apply  hia  knowledge  of  the  mode  (tf  eztracting  tin  ore  from  hia 
own  gravel  to  the  dri^  and  debris  on  the  flanka  of  the  great 
north  and  south  chain  of  Auatralia*,  or  anv  amaller  panUel 
ridges  of  that  vast  country  ;  for  great  would  be  my  pleaaure  to 
learn,  that  thronprh  the  ap})lieation  of  Cornish  skill,  snehregiona 
should  be  converted  into  a  British  "  El  Dorado." 

Eecpiesting  you  to  pardon  this  little  digi'cssion,  whieli  aftrr 
all  may  be  turned  to  profit,  and  hoping  that  you  will  beas  pruad 
as  T  am  of  the  connexion  which  is  now  established  between  Corn- 
wail  and  Siluria, 

Bdim  me  to  be^  my  dear  Sir  Charlea» 

Yovia  moat  fidthfolhr^ 

K.  I.  MmcHiaoN. 

•  '!'hc  {^rand,  rich  and  well-watered  region  whicli  lies  between  Moreton 
Buy  on  the  south  and  tlie  Gulf  of  Carpentaria  on  the  north,  is  that  to  which 
I  would  •peeially  direct  attention,  now  that  its  true  characters  have  been 
opened  out  to  geof^raphers  and  naturalists  by  the  im  lminted  and  able 
explorations  of  Dr.  Leichhardt.  Some  of  the  tracts  rcceiitly  passed  through 
with  so  much  zeal,  by  the  Survevor-General  of  the  colony,  Sir  Thomas 
Mi  tell  el  I,  may  also  prove  vahiahla  ttl  goUl,  thlNigh  they  lie  further  from  the 
nxis  of  elevation.  In  the  mean  time,  gold  ore  lias  been  founfl  mi  ♦hr  other 
aide  of  the  Australian  coatinent,  in  the  ridges  which  extend  northwards 
Urom  Addbide  towards  the  eeeno  « the  adTenUiroQs  and  tmltome  journey  of 
Mdw  Sturt.  Tliesc  gallant  geographers,  the  pioneers  of  civi]isatiiill»  ate 
explaining  to  us  the  condition  of  tracts  which  thousands  of  onr  countrymen 
ma^  soon  colonize  with  the  best  ctlects. — ^Loodoo,  April  12, 1847.— R.  I.  M. 


Digitized  by  GoOglc 


[  ] 


LIV.  On  the  Production  of  Light  Heat.  By  John 
William  Draper,  M.D^  Pressor  qf  Chmistnf  in  the 
Universitjf  qfNew  York** 

ALTHOUGH  the  phaenomenon  of  the  production  of  light 
by  all  solid  bodies^  when  their  tempemtare  is  raised  to  a 
oaffUun  deffree^  it  one  of  the  most  fiuniliar  in  ehemistry,  no 
penoD  ao  mr  as  I  know  has  hitherto  attempted  a  critical  in- 
vestigatioo  of  it.  The  difficulties  environing  the  inquiry  are 
so  great»  that  even  among  the  most  eminent  philosophers  a 
diversity  of  opinion  has  prevailed  respecting  some  of  the  lead- 
ing facts.  Thus  Sir  Isaac  Neu  ron  fixed  the  tem|>erature  at 
which  bodies  become  self-luminous  at  635°,  Sir  Hfimphrv 
Duvy  nt  812*^,  Mr.  Wedgwood  at  947°,  and  Mr.  Daniel  1  at 
980  .  As  respects  the  nature  of  the  liglit  emitted  there  are 
siiitilar  contradictions.  In  some  philosophical  works  of  con- 
siderable repute,  it  is  stated  that  when  a  solid  begins  to  shine 
it  first  ennts  red  and  then  white  rays ;  in  others  it  is  asserted 
that  a  mlxtnre  of  bine  and  red  light  is  the  first  that  appears* 
I  have  sneoeeded  in  escaping  or  overcoming  many  of  the 
difficulties  of  this  problem»  and  have  arrived  at  satisfactoiy 
solutions  of  the  main  points;  and  as  the  experiments  now  to 
be  described  lead  to  some  striking  and  perhaps  unexpected 
analogies  between  light  and  lient,  tney  commend  themselves 
to  our  attention  as  having  a  hearing  on  the  question  of  tlie 
identity  of  those  iroponcierable  principles.  It  is  known  tliat 
heretofore  I  have  been  led  to  believe  in  the  existence  of  car- 
dinal dioliiicliuiis,  not  only  between  these  but  also  other  im- 
ponderable agents;  and  1  may  therefore  bUitc,  that  when  iliis 
mvestigation  was  first  nndermkeiiy  it  was  in  the  expectation 
that  it  wonld  lead  to  results  very  dtflbrent  from  those  which 
have  actually  arisen. 

The  following  are  the  points  on  which  I  propose  to  treat:— ^ 
1*  To  determine  the  point  of  incandeEcence  of  platinum^ 
and  to  prove  that  different  bodies  become  red-hot  at  the  same 
temperature. 

y.  To  determine  tlie  colour  of  the  rays  emitted  by  self- 
luminous  bodies  at  different  temperatures.  7'hb  is  done  by 
the  onlv  reliable  method — annlysis  by  the  prisin. 

From  these  experiments  it  will  appear,  tiiat  as  the  tempe- 
rature rises  the  licht  increases  in  refrangibility  ;  and  making 
a  due  allowance  ror  the  physiological  im}ierfection  of  the  eye, 
the  time  order  of  the  colours  is  red^  orange,  yellow,  green^ 
blfl^  UKliga^  violet. 

*  Conununicsted  by  Uie  Author. 
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3.  To  determine  the  relation  between  the  brillianoy  of  the 
light  emitted  by  n  shining  body  and  its  temperature. 

Flere  we  shall  find  thiit  the  intensity  of  the  light  increases 
far  more  rapidly  than  the  temperatnre.  For  example,  plati- 
num at  2600°  emits  almost  forty  times  as  much  light  as  it 
does  at  1900^ 

As  I  prefer  to  give  a  Luiuplete  description  of  the  apparatus 
employed  in  these  investigations  after  the  general  results  are 
itatedt  it  is  sufficient  kera  to  underfttnd  wal  the  souroe  of 
l^ht  is  in  all  instances  a  very  thin  strip  of  platinum  1*85  indi 
long  and  ^'^th  of  an  inch  wids^  brought  to  the  teniperatnra 
under  investigation  by  a  voltaic  current.  Platinum  was  se* 
lected  from  its  indispomtion  to  oxidize^  and  its  power  of  resisW 
ing  a  high  temperatiure  without  fusion. 

The  slip  of  platinimi,  thus  to  be  brought  to  different  tem- 
peratures by  an  electric  current  of  the  proper  force,  was 
fastened  at  one  end  to  an  inflexible  support,  and  at  the  other 
was  connected  with  a  delicate  lever-iudex,  which  enabled  me 
to  determine  its  expansion,  and  thereby  its  temperature.  For 
this  purpose  I  have  used  ilic  coefficient  ol  dilutaiion  ul  Dulong 
and  Petit.  The  temperatures  here  given  are  upon  the  hypo- 
ihesM  of  the  invariability  of  that  coefficient  at  all  tharmometrie 
degrees;  they  are  therefore  to  some  extent  in  error. 

oy  the  aid  of  resisting  wires  of  different  lengths  and.  • 
rheostat,  I  was  able  to  vary  the  force  of  the  electric  current  in 
the  platinum^  and  thereby  yary  its  temperature.  My  first 
attempts  were  to  discover  the  point  at  which  the  metal  bsgins 
to  emit  l!j::^ht. 

The  platiiuii]!  and  the  voltaic  battery  were  placed  in  a  dark 
room,  the  temperature  of  which  was  60  ;  and  after  1  had  re- 
mained there  a  sufficient  length  of  time  to  enable  my  eyes  to 
become  sensible  to  feeble  impressions  of  light,  I  caused  the 
current  to  pass,  gradually  increasing  its  force,  until  the  pla- 
tinum was  visible.  In  several  repetttioDs  of  this  experiment 
it  was  luiformly  found  that  the  mdex  to  which  the  platimiin 
was  attached  stood  at  the  eighth  division  when  this  took  plaoe. 
The  metal  had  therefore  dibted  of  its  length ;  the  eleva- 
tion of  its  temperature  was  lUxNit  917°,  which  added  to  the 
existing  height  of  the  thcnnometer,  60%  gives  for  the  lemp^ 
rature  of  incandescence  977'  F. 

To  the  correctness  of  the  number  it  may  be  objected,  that 
owing  to  the  narrowness  of  liic  metnlHc  strip  it  is  not  well 
calculatetl  lo  make  an  impresMon  on  llie  eye  wlieii  the  light  it 
emits  is  letble;  nor  can  we  take  ilie  tliiaiations  given  by 
ihc  index,  as  representing  the  unilortii  temperature  of  the 
whole  platinum,  which  must  necessarily  be  colder  near  its 
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poinU  of  support,  by  reason  of  the  conducting  power  of  the 
metals  to  which  it  is  attached. 

Physiological  considerations  would  also  lead  us  to  suspect 
that  the  selt-luniinous  temperature  must  vary  with  different 
eyes.  The  experiments  of  Bougiier,  hereafter  to  be  referred 
to,  indisputably  show  that  some  persons  nre  much  more  sen- 
sitive to  the  im})rei.'>«iuirs  oJ'  light  than  otliers.  So  far  ns  my 
limited  investigation  of  this  matter  has  gone,  I  liuvu  nul  how- 
ever found  appreciable  differences  in  the  estimate  of  the  tem- 
perature of  incandescence.  Diflerent  individualsy  observing 
the  platinum,  have  uniformly  perceived  it  at  the  same  time. 

Against  the  number  977^  it  may  also  be  objected,  that  an* 
timony  melts  at  a  much  hnver  temperatare^  and  yet  emits 
light  before  it  fuses.  If  this  statement  were  true,  it  would 
lead  us  to  believe  that  all  bodies  have  not  the  same  point  of 
incniuK  scence.  But  I  think  tlie  experiments  of  Mr.  Wedg- 
wood on  i_;c)id  and  eartiieiiware  are  decisive  of  that  question; 
and,  moreover,  1  have  reason  to  believe  lliat  the  melting- 
point  of  antimony  is  much  higher  than  commonly  supposed. 

With  a  view  or  determining  direcdy  whether  dinerent  bodies 
vary  in  their  point  of  incandescence,  I  took  a  clean  gun*barre1,  , 
and  having  closed  the  touch-hole^  exposed  the  following  sub- 
stances hi  it  to  the  action  of  the  fire:^ — platinum,  chalk,  marble^ 
fluor  spar,  brass,  nntimony,  gas-carbon,  lead;  each  specimen 
was  small;  the  platinum  was  in  the  form  of  a  coil  of  stout 
wire. 

When  one  of  these  bodies  was  placed  in  the  gun-barrel 
aud  temperature  raised,  it  is  clear  thuL  any  diilerence  in 
their  point  of  incandescence  would  be  detected  by  the  eye. 
Thus,  if  the  ignition  of  platinum  required,  a  higher  degree 
than  iron,  on  looking  down  the  barrel  the  coil  of  wire  should 
be  dark,  when  the  barrel  itself  begins  to  shine ;  or,  if  the  pla^ 
tinum  was  incandescent  first,  the  wire  should  be  seen  before 
the  barrel  is  visibly  hot;  and  these  results  mi^ht  be  corro- 
borated by  observing  the  inverse  phtenomena,  wlieu  the  barrel 
is  taken  from  the  fire  and  suffered  to  cool. 

With  respect  to  piatinuni,  brass,  antimony,  gas-carbon  and 
lead,  they  all  became  incandescent  at  the  same  time  as  the 
iron  barrel  itself.  I  could  not  discover  the  si  ightest  diflbrence 
between  them,  either  in  heating  or  cooling ;  and  it  is  worthy 
of  remark,  that  the  lead  was  of  course  in  the  liquid  condition. 
But  the  chalk  and  marble  were  visible  before  the  barrel  was 
red-hot,  emitting  a  faint  white  light;  and  the  fluor  spar  still 
more  strikingly  so,  its  light  being  of  a  beautiful  blue;  and 
even  when  the  barrel  had  become  bright  red  i  could  still  see 
the  spar,  which  bad  decrepitated  to  a  coarse  powder,  by  its 
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faint  blue  rays.  In  these  cases  it  was  not,  however,  incan- 
descence but  pliosphoresccnee  that  was  taking  place.  I  infer 
then  that  nil  soltdi^)  aiu]  probably  melted  metalsy  ahiae  at  the 
same  thermometric  point. 

The  temperature  of  incandescence  seems  to  be  a  natural 
fixed  point  for  the  ihermouieter ;  and  it  is  vcrv  interesting  to 
remark  how  nearly  this  point  coincides  with  1000°  of  the 
Fahrenheit  tbermoroeter^  when  Iiaplaoe's  coefficient  for  the 
dilatation  of  platinum  is  used.  Upon  that  coefficient  the 
point  of  incandescence  is  1006®  F. 

In  view  of  these  considerations*  and  recollecting  that  the 
number  given  by  Daniell  is  980%  and  tlmt  of  Wedgwood  947% 
1  believe  that  977*^  is  not  very  far  from  the  trin  temperature 
at  which  solids  begin  to  shine.    It  is  to  be  underatood,  of 
course,  that  this  is  in  a  very  dark  room. 

I  pass  now  to  the  second  proposiLiuii.  The  rays  enuLted  by 
the  incandescent  platinum  were  next  received  on  a  flint  glass 
prism,  placed  so  as  to  give  the  minimum  deviation,  and  after 
dispersion  viewed  in  a  small  telescope.  A  movement  could  be 
given  to  the  telescope,  which  was  read  off  on  an  annexed  scale. 
However,  instead  of  bringing  the  parts  of  the  spectrum  under 
measurement  to  coincide  with  the  wires  stretched  across  the 
field  of  the  instrument,  I  found  it  more  sntisfactory  to  deter- 
mine  them  by  bringing  tliem  to  one  or  otiier  of  the  edges  of 
the  field;  a  process  well  ndajncd  to  ascertain  the  position  of 
the  extreme  rays,  the  lainL  light  of  which  contrasted  well  with 
the  darkness  by  which  it  was  surrounded.  They  could  not 
have  been  so  accurately  seen  while  the  rest  of  the  spectrum 
was  in  view ;  and  as  it  was  absolutely  necessary  to  iiave  fixed 
points  of  reference,  that  all  the  observatbns  might  be  brought 
to  a  common  standard  of  comparison,  and  as  there  are  no 
fixed  lines  in  the  light  of  incandescence,  such  as  nre  iti  the 
sunshine  and  daylight,  i  therefore  previously  determined  the 
position  of  the  fixetl  lines  in  a  spectrum  formed  by  a  ray  of 
reflected  daylight  which  passed  through  a  fissure  ^\jth  ol  an 
inch  wide  and  one  incli  long,  occupying  exactly  the  position 
subsequently  to  be  occupied  by  the  incandescent  platinum. 
Fie.  1  represents  the  results  of  this  observation. 

The  strip  of  platinum  was  now  placed  in  the  position  of  the 
fissure  which  had  given  the  spectrum  fig.  1,  and  its  tempera- 
ture was  raised  by  the  passage  of  a  voltaic  current.  Although 
I  could  distinctly  see  the  metal  when  the  heat  had  reached 
about  1000^  by  the  naked  eye,  yet  the  loss  of  light  in  passing 
the  prism  and  telescope  was  so  great  that  I  found  it  necessary 
to  cany  the  temperature  to  1210^  before  a  sadsfactory  obser- 
vation could  be  made.    At  thb  point  the  spectrum  extended 
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from  the  position  of  tlie  fixed  line  B  in  the  red,  almost  as  far 
88  tbe  line  F  in  the  green ;  the  colours  present  being  red, 
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orange^  and  a  tint  which  may  be  designated  m  gray.  There 
was  nothing  answering  to  a  yellow.  The  first  rays  visible 
through  this  apparatus  may  therefore  be  designated  as  red  and 

fjreenish  gray  ;  the  former  comnicnciiif^  at  the  line  R,  and  the 
atter  continiiinrr  lu  V.    The  magnitude  and  other  relations 
of  tliis  spectrum  are  given  in  fig.  3. 

The  voltaic  current  was  now  increased,  and  the  tempera- 
ture rose  to  1325^.  The  red  end  of  the  spectram  remained 
nearly  as  before,  but  the  more  refrangible  extremity  reached 
to  the  position  of  the  little  fixed  line  £  Traces  of  the  yellow 
were  now  visible;  andy  with  a  certain  degree  of  distinctness, 
I  could  see  red,  orange,  yellow,  green,  and  a  fringe  of  blue. 
Fi^.  4  shows  the  result. 

The  temperature  was  now  carried  to  1440°.  I  thought  the 
red  extremity  was  advancing  more  to  the  line  A  :  the  blue 
had  undergone  a  well-marked  increase.  It  reached  consider- 
ably beyond  the  line  G,  as  shown  in  fig.  5. 

On  bringing  the  platinum  to  2130°  all  the  colours  were 
present,  and  exhibilea  considerable  brilliancy.  Their  extent 
was  somewhat  shorter  than  that  of  the  daylight  spectrum,  as 
is  seen  in  fig.  6. 

Having  thus  by  repeated  experiments  ascertained  the  con- 
tinued extension  of  the  more  refrangible  end  as  the  tempera- 
ture rose,  it  became  necessary  to  obtain  observations  for  points 
below  1210",  the  limit  of  visibility  through  the  telescope.  I 
therefore  carried  the  prism  nearer  to  the  platinum,  and  iooic- 
ing  with  the  unassisted  eye  directly  through  it  at  the  refracted 
image,  1  found  it  could  be  distinctly  seen  at  a  temperature  a:^ 
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low  as  1095°.  I  luler  these  circumstances  the  total  length 
could  not  be  coinpaicci  ilirect  measurement  with  the  other 
observations,  and  the  result  given  in  %.  2  is  from  the  best 
judgement  I  was  able  to  form:  the  colours  were  red  and 
greenish-gray. 

The  grav  rays  emitted  by  platinum  just  beginning  to  shine 
appear  to  be  more  intense  than  the  red ;  at  all  events  the 

wires  in  the  field  of  the  telescope  are  more  distinctly  seen 
upon  tlieni  than  upon  tlie  other  colowr.  I  rrive  them  the  de- 
signation of  gray,  tor  tliey  appear  to  approach  that  tint  more 
ck)sely  than  any  other  ;  and  yet  it  is  lo  be  reujarked  that  they 
are  occupying  the  position  ot  the  yellow  and  green  regions. 

Alreaav  we  have  encountered  a  fact  of  considerable  import* 
ance.  The  idea,  that  as  the  temperature  of  a  body  rises  It 
begins  to  emit  rays  of  increasing  refrangibility,  has  obviously 
to  oe  taken  with  a  certain  restriction.  Instead  of  first  the 
ret),  then  the  orange,  then  the  yellow,  &c.  rays,  in  succession 
makinf^  their  appearance,  in  which  case  the  spectrum  should 
regularly  increase  in  lenglii  as  t!ie  temperature  rises,  we  here 
find,  at  the  very  first  moment  it  is  visible  to  the  eye,  it  yields 
a  spectrum  reaching  from  the  fixed  line  B  to  nearly  F;  that 
is  to  say,  equal  to  about  two- thirds  the  whole  length  of  the 
interference  spectrum,  and  almost  one-half  of  the  prismatic. 

It  is  to  be  remarked,  that  white  the  more  refrangible  end 
undergoes  a  great  expansion,  the  other  extremity  exhibits  a 
corresponding  though  a  less  change.  As  very  important 
theoretical  conclusions  depend  on  the  proper  interpretation  of 
this  fact,  we  must  not  forget  that,  to  a  certain  extent,  it  may 
be  an  optica!  deception,  arising  from  the  increased  brilliancy 
of  the  light.  While  the  rays  are  yet  feeble,  the  extreme  ter- 
niuiaiions  may  be  so  faint  that  the  eye  cannot  detect  them; 
but  as  the  intensity  rises,  they  become  better  marked,  and  an 
apparent  elongation  of  the  spectrum  is  the  consequence. 

It  is  agreeffby  optical  writers,  that  to  the  human  eye  the 
yellow  is  the  brightest  of  the  rays.  In  the  prismatic  spectrum 
the  true  relationship  of  the  colours  is  not  perceived,  because 
the  less  refrangible  are  crowded  together,  and  the  more  re- 
frangible nnduly  spread  out.  But  in  the  interference  spectrum, 
where  llie  colours  are  arrani^ed  side  bv  side  in  the  order  of 
their  wave-lengliis,  the  centre  is  oeeupit  tl  by  the  nmst  lumi- 
nous purtion  of  the  yellow;  and  tiuui  tius  j)oint  the  light  de- 
clines away  on  oiie  sale  in  the  reds,  and  on  the  other  in  the 
blues,  the  terminations  being  equidistant  from  the  centre  of 
the  yellow  space* 

Now  if  the  rays  coming  from  shining  platinum  were  passed 
through  a  piece  of  ghwsi  on  which  parallel  lines  had  been 
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drawn  with  a  diamond  point,  so  as  to  give  an  interference 
spectrnm,  even  admitting  the  general  results  of  the  foregoing 
experiments  to  be  true,  viz.  that  as  the  temperature  rises 
rays  of  a  higher  refrangibility  are  emitted,  it  is  obvious  that 
it  bjr  no  means  follows  Siat  the  first  ray  visible  should  be  the 
extreme  red.  Our  power  of  seeing  that  depends  on  its  having 
a  certain  intensity.  Even  when  it  nas  assumed  that  extreme 
brilliancy  which  it  has  in  a  solar  beam  it  is  barely  visible. 
We  ought  thert-fnre  to  expect  that  rays  of  a  higher  refraii- 
gibility  should  fii^i  be  acen,  because  they  act  more  energeti- 
cally Oil  our  oriran  of  vision  ;  and  as  the  temperature  rises, 
the  iipeclruui  should  uiidci^u  a  partial  elungalion  in  the  direc- 
tion of  its  red  extremity, 

I  may  here  remark^  that  the  general  result  of  these  experi- 
ments coincides  exactly  with  that  of  M.  Melloni  respecting 
beat  at  lower  thermometric  points.  In  bis  second  memoir*, 
be  shows  that  when  the  rays  from  copper  at  390°  and  from 
incandescent  platinum  are  compared  by  transmission  through 
a  rock-salt  prism,  as  the  temperature  rises  the  refrangibility 
of  the  calorific  emanations  correspondingly  increases.  Those 
pliilosopiiers  who  regard  li;j,lM  and  heat  as  the  banie  agent, 
will  therefore  see  in  this  coincidence  another  argument  in 
favour  of  their  opinion. 

In  view  of  tlie  forgoing  facts  I  conclude,  that,  as  the  tem^ 
peraiure  qf  an  incandeseeni  body  rises,  U  emits  rays  of  li^ht  of 
an  increasing  refranf^ibility ;  and  that  the  apparent  departure 
from  tbis  law,  discovered  by  an  accurate  prismatic  analvsia^ 
is  due  to  the  special  action  of  the  eye  in  performing  the  /unc- 
tion of  vision. 

As  the  lunn'nous  effects  arc  undoubtedly  ovvlnjj  to  a  vi!)rn- 
tory  movement  executed  hv  tfie  molecules  ot  the  platinum,  it 
^eeins  from  tlic  loi  r^oin<;  considerations  to  follow,  that  the 
hefjuency  of  tliu^e  vibrations  increases  with  the  temperature. 

In  ihia  observation  I  am  led  by  the  principle,  that  *'  to  a 
particular  colour  there  ever  belongs  a  particular  wave-lengthy 
and  to  a  partfeular  wave-length  there  ever  belongs  a  particutar 
colour;''  but  in  tbe  analysis  of  the  spectrum  made  by  Sir  D« 
Brewster  by  tbe  aid  of  absorptive  mediay  tbis  principle  is  indi- 
rectly controverted ;  that  eminent  philosopher  showing  that 
red,  yellow,  blue,  and  consequently  white  light,  exist  in  every 
part  of  the  spectrum.  This  must  necessarily  take  place  when 
R  prism  which  has  a  refracting  face  of  considerable  magnitude 
is  used ;  for  it  is  obvious  that  a  ray  tailing  near  the  edi^c,  and 
one  falling  near  the  back,  after  dispersion,  will  }>:iiiit  their 
several  spectra  on  the  screen ;  the  colours  of  the  one  iiov  co^ 
*  Tigflor'f  baeuuiic  Memoirs,  vul.  u  p.fifi. 
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inciding  with,  but  overlapping  the  colours  of  tTie  other.  In 
such  a  spectrum  there  iiiu^t  undoubted!)'  be  a  general  com- 
xnixture  of  the  rays;  but  may  we  not  fairly  inquire  whether, 
if  an  dementaiy  prism  were  used,  the  same  facts  would  bold 
good ;  or,  if  the  anterior  face  of  the  prism  were  covered  bj  a 
'screeOf  so  as  to  expose  a  narrow  fissure  parallel  to  the  axis  of 
the  instntmeiit^  wonld  there  be  found  in  the  spectrom  it  gave 
every  colour  in  every  part,  as  in  Sir  David  Brewstei^s  original 
experiment?  M.  Melloni  has  shown  how  this  very  consi- 
deration complicates  the  phrenomena  of  rndiant  heat;  and  it 
would  seem  a  very  plausible  sw^-fxcstion  tluit  the  effect  here 
pointed  out  must  occur  in  an  analogous  manner  for  the  pbas* 
nomena  of  light. 

I  proceed  now  to  the  third  branch  of  the  inquiry, — to  ex- 
amine the  relation  between  the  temperatures  of  self-luminous 
bodies  and  the  intensity  of  the  lignt  they  emit|  premising  it 
with  the  ibllowlng  considerations. 

The  close  analogy  which  is  traced  between  the  phmnoiiieiia 
of  light  and  radiant  heat  lends  countenance  to  the  supposition, 
that  the  law  which  regulates  the  escape  of  caloric  from  a  body 
will  also  determine  its  rate  of  emission  of  light.  Sir  Isaac 
Newton  supposed  that  whilst  the  temperature  of  a  body  rose 
in  aritliineucal  j^T'ogressioti,  the  amount  of  heat  escaping  from  it 
increased  in  a  geometrical  progression.  The  fallacy  ol  this  was 
subsequently  shown  by  Martin,  Erxleben,  and  Delaroche  ;  and 
finally  Dulong  and  i^etitgave  the  true  law,  "when  a  body  cools 
in  vacttOy  surrounded  by  a  medium  whose  temperature  is  con- 
stant, the  velocity  of  cooling  for  excess  of  temperature  In  arith- 
metical progreifsion  increases  as  the  terms  of  a  geometrical 
progression,  diminished  by  a  constant  quantity."  The  intro- 
duction of  this  constant  depends  on  the  operation  of  the  theory 
of  exchanges  of  heat ;  for  a  body,  when  coolin|r  under  the 
circumstances  here  given,  is  simultaneously  receiving  back  a 
constant  amount  of  neat  from  the  medium  of  constant  tempe- 
rature. 

Whilst  Newton's  law  represents  the  rate  ol  cooling  ol  bodies, 
and  therefore  the  quantities  of  heat  they  emit,  when  the  range 
of  temperature  is  limited,  and  the  law  of  Dulong  and  Petit 
holds  to  a  wider  extent,  tliere  are  in  our  inquiry  certain  dr- 
enmstanoes  to  be  taken  into  account  not  contemplated  by 
those  philosophers^  Dulong  and  Petit  throughout  their  me- 
moir regard  radiant  heat  as  a  homogeneous  agent,  and  look 
upon  the  theory  of  exchanges,  which  is  indeed  their  starting- 
point  and  guide,  as  a  very  simple  aflPair.  But  the  progress  of 
this  department  of  knowledge  since  their  times  has  shown, 
that  precisely  the  same  modificatioas  as  are  found  in  the  co- 
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lours  of  light,  occur  also  for  heat ;  a  fact  conveniently  desi^ 
nntefl  hv  tlie  phrase  ideal  coloration  of  heat;"  and  further, 
that  the  colour  t>f'  the  heat  emitted  depends  upon  the  tem- 
perature of  the  radiating  source.  It  i*?  one  lliing  to  inves- 
tigate the  phjpnnniena  ot  llie  exchanges  of  heat-rays  ot  the 
same  colour,  ami  another  when  tlie  colours  are  dilTerent.  A 
perfect  theory  of  tlu*  exchanges  ot  heat  must  include  the  pi  iii- 
oiple  of  ideal  coloration,  and,  of  course,  so  too  must  a  law  of 
eooling  appUeabla  to  aoy  tampmtarau 

Tbert  it  anotber  fiwt  to  tome  extent  connderad  bj  Doking 
and  Petil»  but  not  of  tncfa  weight  in  their  investigationiy  where 
the  range  of  temperature  was  small*  at  in  ouriy  where  it  rises 
as  high  as  nearly  8000^  F. ;  I  mean  the  difoence  of  specific 
heat  of  the  same  body  at  different  temperatures.  At  the  high 
temperatures  considered  in  this  memoir,  there  cannot  be  a 
doubt  that  liic  capacity  of  plat  iimn  foi  lic  nt  is  fhr  [greater  than 
that  at  a  low  point.  This  theretore  imi>L  cotiiiol  its  rate  of 
calorific  emission,  and  probably  that  tor  iighi  aUt>. 

From  these  ami  .sinnhir  considerations,  we  should  be  pie- 
^  pared  to  discover  that  as  the  temperature  of  an  incandescent 

aoUd  riieiy  the  huentity  of  the  light  emitted  mcreaaet  very 
rapidly« 

I  patf  now  to  the  experimental  prooft  which  tubatantiate 
the  foregoing  rtaaoninff. 
The  apparatus  em^oyed  at  the  aooree  of  the  light  and 

measure  of  the  temperature  was  the  same  as  in  the  preceding 

experimenf^, — a  strip  of  platinum,  hronMit  to  n  known  tem- 
perature by  the  passage  ot  a  voltaic  current  ot  ilu-  proper  force^ 
and  connected  with  nn  iiitlcx  which  measured  its  i  xji  insiou. 
<  The  priiici}>le  upon  wlncii  1  have  determined  i he  intensities 

of  the  Jigiit  is  that  first  described  by  Bouguer,  anil  recently 
introduced  by  M.  Massou.  After  many  experiments  I  have 
bceo  led  to  coDdude  that  thia  it  die  niott  aoemte  method 
known. 

Any  one  who  will  endeavour  to  determine  the  Intentidet  of 
lighta  by  Rum  ford's  method  of  contratting  shadows,  or  by 
that  of  equally  illuminated  surfaces,  will  find,  when  every 
precaution  has  been  used,  that  the  results  of  repeated  experi- 
ments do  not  accord.  'pKMe  is-  moreover  the  irreat  defect, 
that  where  tlie  lights  ditier  in  colour  it  iiHjxi-Nil  le  to  obtain 
reliable  nicasiues,  except  by  resorting  to  such  coutrivances  as 
that  describetl  bv  me*. 

Bouquet's  principle  is  far  more  exact ;  and  where  the  lights 
dilfer  m  colour,  that  difference  actually  tends  to  make  the 

•  Phil.  Marr.,  Aii[:ii>t  1844. 
FhiL  Mag,  &  S.  Vol.  30.  No.  202.  itfay  18i7.       2  B 
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result  more  perfect.    As  it  is  not  generally  known^  X  will 
iKcate  the  nature  ot"  it  briefly. 

Let  there  be  placed  at  a  certain  distance  Irom  a  screen  of 
white  paper,  a  candle  so  arranged  as  to  throw  the  shadow  of 
a  ruler^  or  other  opake  body,  on  the  screen*  *  If  a  second  can- 
dle be  placed  also  in  front  of  the  paper  and  nearer  than  the 
former,  there  is  a  certain  distance  at  which  its  light  completely 
obliterates  all  traces  of  the  shadow.  This  distance  is  readily 
found  ;  for  the  disappearance  of  the  shadow  can  be  determined 
with  considerable  exactness.  When  the  lights  are  equal, 
Bouguer  found  that  the  relative  distances  were  as  1  :  8  ;  he 
inferred  therefore,  correctly,  that  in  the  case  of  his  eye,  the 
effect  of  a  iriven  light  was  imperceptible  when  it  was  in  pre- 
sence of  another  sixty-four  times  as  intense.  The  precise 
number  differs  according  to  the  sensibility  of  different  eyes, 
but  for  the  same  organ  it  is  constant. 

Upon  a  paper  screen  I  threw  the  shadow  of  a  piece  of  cop- 
per, which  intercepted  the  rays  of  the  incandescent  platinum  : 
then  taking  an  Argand  lamp,  surrounded  by  a  cylindrical 
metal  shade  through  an  aperture  in  which  the  light  passed, 
and  the  flame  of  whUli  I  hat!  found  by  previous  trial  would 
continue  for  an  hour  almost  of  the  same  intensily,  I  approached 
it  to  the  paper  until  the  shadow  cast  by  the  copper  disappeared. 
The  distance  at  which  this  took  place  wa:^  then  measured,  and 
the  temperature  of  the  platinum  determined. 

The  temperature  of  the  platinum  was  now  raised ;  the  sha- 
dow became  more  intense,  and  it  was  necessary  to  bring  the 
Argand  lamp  nearer  before  it  was  e£Paced.  When  this  took 
place  the  distance  of  the  lamp  was  again  measured,  and  the 
temperature  of  the  platinum  sigain  determined. 

In  this  manner  I  obtained  several  series  of  results,  one  of 
which  is  given  in  tiie  fiillow  iiig  table.  They  exhibited  a  more 
perfect  accordance  among  each  other  than  I  had  anticipated. 

Table  of  the  Intensity  of  Light  emitted  by  Platinum  at  dilfer-* 

ent  Temperatures. 


Tenpcntonof 

the  pillllMMi 


nlitnm  of  Afftnd  Iiunp. 


980 
1900 

2015 

9245 

23G0 
2475 
2590 
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Experiment  2. 
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..•*•. 

000 

54-00 

5400 

5400 

3900 

41  00 

40-00 
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2400 

2400 

2400 
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19-00 

18-50 
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1500 

4-40 

11-50 
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11-75 

7-24 

900  , 

900 

900 

12*34 
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The  intensity  of  the  light  of  the  platinum  is  of  course  in* 
versely  proportionnl  to  the  square  of  ihe  tlistance  of  the  Ar- 
l^and  lamp  nt  the  mDmeut  of  the  obUtcruiIoii  of  the  shadow. 

In  this  table  the  first  cohinm  gives  the  itinperatures  uiuier 
examination  in  Fahrenheit  degrees;  tlie  second  and  thiiii  tlie 
distances  of  the  Argand  lamp  from  the  screen,  in  English  in- 
ches, in  two  difierent  bets  ul  experuneuts;  the  fourth  the  mean 
of  the  two;  and  the  fifth  the  corresponding  intensity  of  the 

From  this  It  is  at  once  perceived,  that  the  increaies  in  tiie 
intensity  of  the  light,  though  sJow  at  first,  become  very  rapid 
as  the  temperature  rises.   At  2590°  the  briUiancjf  it  wiortihan 

ikirty-six  times  as  great  as  it  is  at  1900°. 

Thus,  therefore,  the  theoretical  anticipation  which  we 
founded  on  the  annlo'ry  of  light  and  heat  is  completely  veri- 
fied;  and  we  discover  that  as  the  temperature  of" a  selfdumi- 
nous  fiulid  rises  it  emits  lijrht  in  a  greater  pr()})oi  (i(jn  than 
would  correspond  to  the  mei  e  difference  of  tenipei ulure.  To 
place  that  analogy  in  a  stili  more  striking  point  of  view,  1  will 
here  introduce  some  experiments  I  have  made  in  relation  to 
radiant  heat.  No  ehemist,  so  fiir  as  I  am  awar%  has  hitherto 
published  results  for  high  temperatures^  or  endeavoured  to 
cataUisfa,  through  an  extensive  scale,  the  principle  of  Dela^ 
rodie,  that  "  the  quantity  of  heat  which  a  hot  body  gives  off 
in  a  given  time  by  way  of  radiation  to  a  cold  body,  situated 
at  a  distance,  increases,  other  things  being  equal,  in  a  progre»* 
sion  more  rapid  than  the  excess  of  the  temperature  of  the  first 
above  that  of  the  second." 

As  my  object  on  the  resent  occasion  is  chiefly  to  illustrate 
the  remarkable  analogy  i)et\veen  light  arxl  heat,  the  experi- 
ments now  to  be  related  were  arrangeil  i>o  as  to  resemble  the 
foregoing ;  that  is  to  sa^,  as  in  determining  the  intensities  of 
light  emitted  by  a  shining  body  at  difibrent  temperatures,  I 
had  received  the  rays  upon  a  screen  placed  at  an  invariable 
distance^  and  then  determined  their  value  by  photometric 
methods;  so,  in  this  ease,  I  received  the  rays  of  heat  upon  a 
screen  placed  at  an  invariable  distance,  and  determined  their 
intensity  by  tliermometric  methods.  In  this  instance  the  screen 
employed  was  in  fact  the  blackened  surface  of  the  thermo- 
electric pile.  It  was  placed  at  n  dij^tnncc  of  about  one  inch 
from  the  slip  of  incandescent  platinum,  a  distance  suflicient  to 
keep  it  from  any  disturbance  f  rom  the  stream  of  hot  air  arising 
from  the  metal ;  care  also  was  taken  that  the  multiplier  itself 
was  placed  so  far  fioni  ihc  rest  of  the  apparatus,  that  its 
astatic  needles  could  not  be  a^cted  by  the  volttuc  current 
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igniting  the  platinum,  or  the  electro-magnetic  actioa  of  the 
wires  used  to  mocIiCy  the  degrees  of  heat. 

The  experiments  were  conducted  as  follows :— The  needles 
of  the  thermo-multiplier  standing  at  the  zero  of  tlieir  scale, 
the  voltaic  current  was  passed  through  the  platinuiih  whidi 
immediately  rose  to  the  correspondiiifftempm  and  ra- 
diated its  heat  to  the  face  of  tiie  pile.  The  instant  the  cumnt 
passed,  the  needles  of  the  multiplier  moved,  and  kept  steadily 
advancing  upon  the  scale.  At  the  close  of  one  minute,  the 
deviation  of  the  needle  nnd  the  tempernture  of  the  plntinum 
were  sitiiuitaoeotisly  noted,  and  liieu  the  voltaic  current  was 
stopped. 

sufficient  time  was  now  given  for  the  needle  of  the  multi- 
plier to  come  back  to  zero.  This  time  varied  in  the  dillei  ent 
cases»  according  to  the  intensity  of  the  heat  to  which  the  pile 
had  been  expoied:  in  no  instance,  however,  did  it  exceed 
six  minutes,  and  in  most  cases  was  much  less.  A  little  con- 
sideration will  show  that  the  usual  artifice  employed  to  drive 
the  needles  back  to  zero,  by  warming  the  opposite  face  of  the 
pile,  was  not  admissible  in  these  experiments. 

The  needles  havirif''  regained  their  zero,  the  platinum  was 
brought  again  to  a  given  temperature,  and  the  experiment 
conducted  as  before.  The  following  table  exhibits  a  series  of 
these  results. 

Table  of  the  Intensity  of  Radiant  Heat  emitted  by  Platinum 

at  different  Temperatures. 
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1 

Temperature  of 
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1-80 
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500 
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6-70 
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8-60 

8-60 
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£130 
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10-00 

10-00 

8S45 

12-50 

12-50 

12-50 
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15-50 

15-50 
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in  this  table  the  first  column  gives  the  tempemturei  of  the 
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platinum  in  Fahrenheit  degrees;  the  seconti  and  third  two 
sets  of  experiments,  expressing  the  arc  passed  over  by  the 
needle  at  the  close  of  a  radiation  lasting  for  one  minutt  ,  ench 
number  being  the  mean  of  several  successive  trials;  and  the 
fourth  tiie  mean  of  the  two.  It  therefore  gives  the  radiant 
effect  of  the  incandescent  phiiitiuui  upon  tlie  tliermo-mulLiplier 
fur  the  different  temperatures. 

Of  course  it  is  understood  that  I  here  take  the  angular  de- 
viations of  the  needle  as  expressing  the  force  of  the  thermo- 
electric current*  or  in  other  woriis,  as  being  proportional  to 
the  temperatures.  This  hypothesisi  it  is  known,  is  admissible. 

It  therefore  appears  that  the  quantity  of  heat  radiated  by 
incandescent  platinum  at  980°  being  taken  as  unity,  it  will 
have  increased  at  1  il-O"  to  2*5  ;  at  1900°  to  7  S  ;  and  at  *2.m(f 
to  17'b,  nearly;  tlie  rate  of  increase  is  ihert:lbre  very  rapid. 
Further,  it  may  be  remarked,  as  illustrative  of  the  same  fact, 
that  the  increased  quantity  of  heat  radiated  by  a  mass  of  pla- 
Unnm  in  passing  from  1000^  to  1300°,  is  nearly  equal  to  the 
amount  it  gives  out  in  passing  from  common  temperatures  up 
to  1000^. 

I  cannot  here  express  myself  with  too  much  emphasis  on 
the  remarkable  analogy  between  light  and  heat  which  these 

experiments  reveal.  The  march  of  the  phnpnomena  in  all 
their  leading'  points  is  t!ie  same  in  both  cases.  The  rapid 
increase  of  eliect  us  the  teuipcrature  rises  is  common  to  both. 

It  is  not  to  be  forfrotten,  however,  that  in  the  case  ol  litrht 
we  necessuriiv  nieasiire  its  effects  by  uii  upparaLus  which  ^)os- 
sesset  special  peculiarities.  The  eye  is  insensible  to  rays 
which  are  not  comprehended  within  certain  limits  of  reiirangi- 
bility.  In  these  experiments,  it  is  requisite  to  raise  the  tero<* 
perature  of  the  pladnum  almost  to  1000^  before  we  can  dis- 
cover the  first  traces  of  light.  Measures  obtained  under  such 
circumstances  are  dependent  on  the  physiological  action  of 
the  visual  orc^an  itself,  and  hence  their  analogy  with  those  ob- 
tained by  tile  therniometei  Uc  tomes  more  strikinir,  because 
we  should  scarcely  have  anticipated  that  it  could  be  t>o  com- 
plete. 

Description  of  the  apparatus  employed  in  the  foregoing 

experiments. 

The  source  of  light  is  in  all  instances  a  slip  of  platinum 
foil  1*35  inch  long,  and  ./.-^di  of  an  inch  broad,  ignited  by  the 
passage  of  a  voltaic  current,  and  placed  in  such  a  position 
that  its  dilatation  could  be  measured  by  the  rauveoieuts  of  an 
index  over  a  graduated  scale. 
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In  fig.  7,  a  h  represents  the  slip  of  platinum,  the  upper  end 
of  which  is  soldered  to  a  stout  and  short  copper  pin  a,  firmlj 
sunk  in  a  block  of  wood  ^  which  is  immoYcably  fastened  on 
the  basis  if  of  the  instrument  A  cavity  e,  huf  an  inch  in 
diameter,  is  sunk  in  the  block  and  into  this  cavity  Uie  pm 
a  projects;  so  that  when  the  cavity  is  filled  with  mercafy, 
n  voltaic  current  may  be  passed  through  the  pin  and  down 
the  platinum. 

Fig-  7. 


llie  other  extremity  of  the  platinum  h  is  fastened  to  a  d^ 
Hcate  lever  hf%  which  plnys  on  an  axis  at^,  the  axis  working 
in  brass  holes  supported  on  a  block  Immediately  beneath 
the  platinum  strip,  and  in  metallic  commnnicaticm  with  ity  a 
straight  copper  wire  dips  down  into  the  mercury  cttp  si;  on 
this  wire  tnere  is  a  metal  ball  w,  weighing  about  100  grains. 
The  furtber  eiul  of  tbe  index  plays  over  a  grndimted  ivory 
scnic  p  j\  \vl)lcli  is  supported  on  a  block  </,  and  cai)  be  inuveii 
a  litilc  up  and  down,  so  as  to  bring  its  zero  to  coincide  with 
the  index  at  commyn  temperatures. 

The  action  of  the  instrument  is  readily  understood.  In  the 
mercury  cup  e  dip  one  of  the  wires  N  of  a  Grove's  battery  of 
three  or  four  pairs,  the  other  wire  P  being  dipped  into  the 
cup  ai*  The  current  passes  through  the  platinum,  which  im- 
mediately expands,  the  weight  n  lightly  stretching  it.  Hie 
index /moves  promptly  ovei;  the  scales  indicating  the  amount 
of  expansion,  and  thereibre  the  degree  of  heat.  Remove  the 
wire  N  out  of  its  mercury  cup  Cy  the  platinum  instantly  be* 
conies  cold,  and  pulls  the  lever  to  the  zero  point. 

When  the  platinum    thin,  so  as  to  be  quite  flexible  at  tlie 
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point  bi  where  it  is  iastened  to  the  iodex,  the  movements  take 

place  with  such  promptitude  and  precision  as  to  leave  nothing 
to  be  desired.  When  the  heat  has  been  very  high  and  long 
continue(],  the  limit  of  elasticity  of  the  ]>l!Hiiiuni  is  some- 
what overpassed,  and  it  suffers  a  sliglit  pei  iiKnitin  extension. 
But  as  the  ivory  scale  />  p  can  slide  up  and  dowu  a  iiUl«^  the 
index  is  readily  re-adju.sted  to  the  zero  point. 

The  temperature  of  the  platinum  depends  entirely  on  the 
force  oi  the  current  passed  through  it.  By  inlervening  coils 
of  brass  wire  of  lengths  adjusted  beforehand)  so  as  to  resist 
the  cnrrent  to  a  given  extent,  any  desired  lemperatttre  may 
be  reached.  I  fionnd  it  convenient  to  intervene  in  the  course 
of  the  current  one  of  Pro£  Wheatstone*s  rheostats,  so  as  to 
be  able  to  bring  the  index  with  precision  to  any  degree,  not- 
withstanding sfight  changes  in  the  force  of  the  voltaic  bat* 
teix 

The  following  are  the  dimensions  and  mcnsures  of  the  in- 
strunient  I  have  used: — Lengtli  of  the  platinum  strip,  \'35 
inch;  length  of  the  part  actually  ignited,  1*1 1  inch;  wittih  of 
ditto,  ,'(^lh  of  an  inch;  length  of  the  index  lioin  its  centre  of 
motion  lo  tlie  scale,  7'1  Scinches;  distance  oi  ilie  centre  of 
motion  of  index  from  the  insertion  of  the  |)latiuum  at  tlie  point 
if  '2i  inch ;  multiplying  efi^  of  the  mdex,  3S*68  times ; 
length  of  each  division  on  the  ivory  scale,  '081  inch.  From 
this  it  would  appear,  by  a  simple  calculation,  using  the  coeffi* 
dent  of  dilatation  of  pladnum  given  by  Duiong  and  Pcti^ 
that  each  of  the  divisions  here  used  is  equal  to  1H*5  Fahren- 
heit degrees.  For  the  sake  of  perspicuity  1  have  generally 
taken  them  at  115°. 

The  Grove's  battery  I  have  employed  has  platinum  plates 
three  inches  long  and  three  (juarters  wide;  the  zinc  cylinders 
are  two  inches  and  a  half  in  diameter,  three  high,  antl  onc- 
tliird  tluck.  As  used  in  these  experiments,  it  coukl  maintain 
a  current  nearly  uniform  for  an  hour.  I  commonly  employed 
lour  pairs. 


Among  writers  on  optics,  it  has  been  a  desideratum  to  oli- 
tain  an  artificial  lijiht  of  standard  brilliancy.  The  preceding 
experiments  iuiiubti  an  easy  means  of  suj^plying  that  want, 
and  give  us  what  might  be  termed  a  unit-lamp."  A  sur- 
lace  of  platinum  of  standard  dimensions,  raised  to  a  standard 
temperature  by  a  yoltaic  current,  will  always  emit  a  constant 
light  A  strip  of  that  metal,  one  inch  long  and  ^^th  of  an 
inch  wtde^  connected  with  a  lever  by  which  its  expansion 
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mijrht  be  measured,  would  v^eld  nt  '2000^  a  li^lit  suitable  for 
most  purposes.  Moreover,  it  woukl  be  vei y  easy  to  form 
from  it  an  available  photometer,  by  screen  ii»g  pontons  of  the 
shining  hurfacc.  An  ingeniouii  aiu^i  would  have  very  little 
difficulty,  by  taking  advantage  oftlie  niuvementtf  ot  the  lever, 
in  uiakitjg  a  seJf-acting  apparatus,  in  wiucb  the  plaiiuum 
should  be  mainuuned  u  «  iioifiirm  teaipmtnf%  notirttii* 
standing  any  change  taking  place  in  the  voltaic  currant, 

Univoruty,  New  York* 
F«b.  fS!,  1847. 


ly.OntktJeidcomiamedimthe  North  Amtrktm  CokmAHe. 

Bjf  Hbiirt  Rosb*. 

npHE  coliimbite  of  North  Ainenca  has  the  same  a-ystalliDe 
form  as  that  from  Bodenmais  in  Bavaria,  but  b  distin- 

fulshed  from  it  in  general  by  a  far  lower  specific  gravity; 
owever^  we  Bud  the  same  difference  in  the  specific  gravity  of 
the  American  mineral  as  occurs  in  the  different  crystals  of  the 
Bodenmais  columbite.  The  lightest  cry  tnls  from  the  last 
locality  have  the  same  specific  gravity  (5*704)  as  the  heaviest 
crystals  from  North  America  (,''>-70'^\ 

I  have  already  communicatetl  analyses  of  North  Ameri- 
can  cohiiubites,  oi  one  of  whieii  iiouever  it  was  doubtful 
whetiier  it  came  from  America.  The  following  analysis  of 
American  columbite  was  made  by  M.  Urewink  in  my  labora- 
tory ;  it  yielded, — 

Acid   80-06 

Protoxide  oi  iron   11-^9 

Protoxide  of  manganese  •   •   .   .  5*97 

Oxide  of  tin   0*96 

Oxide  of  copper  and  lead    •   »  •  0*44 

100-02 

The  specific  gravity  in  fragments  was  .5*323;  in  powder,  5  •3202, 
This  columbite  coiner  nearest  iu  composition  and  also  in 
specific  gravity  to  that  examined  by  M.  Scidieper. 

I  have  on  a  former  occasion  shown  that  the  different  specific 
gimvity  of  the  crystals  of  the  Bavarian  eolnnibila  waa  owin^ 
to  the  diflerent  prcoortioos  of  niobic  and  pelopic  «wls  wbicE 
are  ibund  in  the  cfiiferent  crystals.  The  s))ecifio  gimvity  of 
these  two  acids  is  widely  different,  but  uiiequaily  so,  according 
to  the  lempenitures  to  which  they  have  bcoicxpoaedprevioua 
to  weighing. 

Owing  to  want  of  material,  I  found  it  impossible  to  make* 
*  TraiHfaited  firosi  PloggsadflriTt  Amaim, 
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thorough  examinaUon  of  the  two  acids  which  v%  contained 

in  the  North  American  columbite:  I  very  soon  ascertained, 
after  the  discovery  of  niobic  ncic?,  t!int  tins  was  the  principal 
acid  constituent  in  tlie  American  culuriibitc,  but  I  could  not 
determine  whether  it  was  mixed  with  pelopic  or  with  tantalic 
acid;  1  therefore  aildrcbsecl  myself  to  Mr.  13.  Siliimaii  of  New- 
baven,  who  with  the  grcaie&c  readinctis  procured  mc  a  very 
considerable  quantity  (half  a  pound)  of  this  now  very  rare 
mineral. 

A  larffe  quantity  of  this  columbite  was  used  for  the  prepara- 
tion of  me  acid.  When  treated  in  the  same  manner  as  that 
from  the  Bavarian  columbite,  it  proved  to  consist  principally 

of  niobic  acid  combined  with  pelopic  acid;  but  the  amount  of 
the  latter  was  far  smaller  tiiun  ni  the  Bodcnninis  mineral,  so 
that  I  <lo  not  think  it  would  have  been  pobbible  lor  uie  to  have 
examined  the  properties  of  pelopic  acid  8o  completely  as  was 
necessary  in  order  to  recognise  it  as  an  ei»senliaily  distinct  acid 
from  tantalic  acid»  if  I  had  lad  only  the  American  mineral  at  mv 
disposal.  But  both  the  acids  were  so  perfectly  identical  in  all 
their  properties  with  the  two  acids  prepared  from  the  Boden- 
mais  mineral)  that  I  did  not  find  the  least  difiereno^  even  as 
regards  the  speci6c  gravity. 

As  the  specific  gravity  of  pelopic  acid  is  considerably  higher 
than  that  of  niobic  acid,  when  the  two  are  heated  in  the  safiie 
manner,  the  higher  specific  gravity  of  the  Bavarian  columbite 
is  thus  satisfactorily  explained. 

I  have  moreover  found  small  quantities)  of  tungstic  acid  in 
the  acids  from  the  American  columbite,  as  well  as  in  those 
firom  the  Bodenmais  mineral. 


LVL  AhUraet  of  Meteorological  Observations  made  during  the 
year  1846  oi  Gongo  Soeo,  in  the  interior  rf  Brazil »  By 
WiixiAM  JouY  Henwood,  F.R.S.,  F.G.S.,  Member  the 

Geological  Society  of  France^  Chief  Commissioner  of  the 
Gold  Mines  of  Uongo  Soco,  Catta  VrtUh  and  Antonio 
Pa  en  a,  ^c.  <!Jc* 

IHAV£  nothing  to  add  to  what  has  been  already  saldf 
respecting  the  locality  and  the  positions  of  the  instru- 
ments. T  have  again  to  thank  Cnj^tain^  Blaney,  Luke  and 
Guy,  for  the  continuation  of  their  midnight  observations,  as 
well  as  for  a  second  series,  made  at  H  a.m. 

•  CorniiiunicatCtl  by  tlie  Author. 

t  mu  Mag.  im,xxvm,pf^dQi,m, 
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Table  llh — Mom  temperature  of  each  of  nine  hours. 


SAJf. 
6 

Noon 


o 
61*7 

61*73 
66*78 

73H)8 


4»Jff» 

6 
8 

9  ••• 


75*74 
70*4S 

66*85 

65-86 


Date.     Hmrii.  tfaade.  Therm,  fanahine. 


Midnight  .   65  07 
This  gives  67°  as  tlic  mean  temperature  of  the  year  1846| 
a  result  which  probably  differs  bat  very  slightly^  init  all^  from 
the  truth* 

Table  IV.— Comparative  temDemtiife  in  shade  and  in  open 

sonslbinei 

Remarks. 

Gale  N. 

Li^ht  breeze  N.E. 
Brisk  breeze  N. 
Brisk  breeze  W. 
Jji  ibk  breeze  E. 
Brisk  breeze  N.E. 
Brisk  breeze  N.E. 
Light  £. 
Light  W. 
Light  E. 
Brisk  £• 
Gale  E. 
Brisk  W, 
Li^ht  S.W. 
Brisk  E. 
Brisk  W. 
Brisk  E. 
Calm. 
Light  W. 
B&lc  N.  W. 


At  5  P.M.  or  the  S8th  of  October  there  was  a  heavy  fall  of 
hail^  the  thermometer  in  the  shade  standiiw  at  78^ 

The  first  fire^^fly  appeared  on  the  7th  of  August  (the  mean 
temperature  of  tlie  twenty^foiir  hours  being  61^-6)t  and  on  the 

1 1th  they  were  numerous. 

The  American  robin  {Sabea)  was  first  heard  on  the  4th  of 
September,  when  the  mean  temperature  was  60^*7*. 

*  The  soDg  of  this  bin),  almost  our  only  loi^gpter,  it  coaiidered  by  the 
nativet  a  certain  tiga  af  the  raia^  reason. 


Jan.    S,  4  P.M. 

o 

81*2 

0 

95*5 

ceu.  O) 

y*  o 

...   14)  ... 

86-7 

104.-5 

...   15,  Noon. 

85*4 

99-8 

May  S,  ... 

75- 

86- 

•••  24*,  ... 

71'8 

84- 

June  28, 

65*9 

80'7 

July  lUj 

66*5 

84*7 

Aug.  8^  4  p.m. 

72- 

81- 

71- 

85^ 

23,  Noon. 

71-5 

85-8 

Sq>L279  ... 

72-8 

84--8 

75- 

89-2 

•..4.  P.M. 

79-8 

91'3 

Oct.  11,  Noon. 

bO'8 

96- 

...   1 8,  ... 

77* 

87'5 

...     ^tDf  ... 

84' 

95-2 

.  .  •       •  .  •  '4  p* 

87* 

90-5 

Nov.  15,  Noon. 

76-2 

88*5 

Dec 

77*4 

96* 

On  the  mornings 

yt  the 

27Lh,  28th, 
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Tbe  coldest  day  was  tha  sstli  of  July,  wben  tfaa  mean  of 
the  twenty-four  hours  was  49°.  The  hottest  was  tha  1st  of 
Novembeif  which  averaged  75^*9. 

My  hygrometrical  observations  are  hot  faw*  jret  they  may 
not  be  entirely  worthless. 

Table  V. 

Dale.  Temp,  of  air— shade.  Dfir-poiat.  Remarks. 


Oct 

4,  Nfooo. 

70*8 

o 

61*5 

Cloudy. 

1 1,  9  A.M. 

Noon, 

70- 

62- 

Light  clouds. 

80-8 

65' 

Clear. 

25,  9  A.M. 

75- 

64-5 

Close,  smoky. 
Light  clouds. 

•  •• 

26,  6  P.M. 

82-8 

68*5 

Nov. 

1,  Noon. 

86-8 

67-5 

Ilazv,  ilmnder. 
Showery. 

•  • . 

8,  9  XM, 

68-3 

65' 

9f  ■•• 

71- 

6S-5 

Showery. 

Table  VL— Quantity  of  rain. 


No.  of  rainy  days* 

Rain. 

Janunry  . 

♦    .  20 

24*25  inches. 

February  , 

•    .  22 

19-30 

March .  . 

.    .  15 

7-08 

April  .  . 

.    .  15 

5-48 

May    .  . 

.    .  10 

2*96 

June    •  . 

.    •  6 

d«84 

July.    •  , 

.    «  11 

1*40 

August.  . 

.    •  S 

0*54 

September 

.   .  10 

8*45 

October  . 

.    •  5 

4-22 

November 

1816 

December 

•    •   •   •  • 

.  16*64 

Total  to  1846  . 

.  106*78 

The  heaviest  showers  during  the  year  were 

January  20»  when  5'94  inches  611  In  10|  hours, 
October  1,  «•«  2*24  1} 

29»         0*66    80niiQ|lte8» 

The  graaleat  qoantiigf  lo  twenty-four  houia  waa  ob  tha  lit 
of  December,  wlieD  it  anoimtad  to  6*8  inches. 

No  one  can  be  more  fully  aware  than  I  am  thnt  many  other 
observations  are  TK-cebsary  to  present  a  perfect  view  of  tiie 
climate;  but  the  warit  of  instruments,  ns  well  as  other  more 
pressing  occupations,  wili|  1  hope,  be  a  sufficient  excuse  for 
the  deficiency.  W.  J.  HfiMWOOD. 

Goago  Soco  Gold  Mines, 
Jaanaiy  1%  1847. 
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CAMBRIDGE  PHILOSOPHICAL  SOCIETY. 

[Continued  from  p.  130.} 

May  11,    \  THEOllV  of  Luminous  Rav>*  on  the  HypothcHi«»  of 
184G,  Undtilntionf .    By  the  Rev.  .1  (  Imllis,  M.A.,  Plumiaa 

Professor  of  Astronomy  aud  Kxperimental  i^iiiiuaopby  ia  the  Uaiver- 
aity  of  Cunbridge. 

In  this  oommttsieatloik*  the  9tfaer,  whkh  b  mufpo&td  to  be  Hm 
medium  of  the  transmiesioo  of  Ught,  is  regarded  at  t  ooBtmuoue  fluid 
subetance,  such  that  small  increments  of  its  pre»8ure  are  proportional 
to  amall  im  rt  ments  of  density,  and  is  treated  mathematically  accord- 
ing to  hydrodynamical  principles.  The  author  shows,  by  means  of 
Ae  mital  hydrodjrnemicM  eqimtioiit,  and  hy  en  additional  equation 
of  oonttnoity,  the  existence  and  neceaaity  of  which  he  has  considered 
in  the  Cambridge  Philosophical  Transactions  (vol.  vii.  part  iii.  pp. 
385  and  3S6),  that  a  given  slender  cylindrical  portion  of  the  fluid 
may  continue  in  motion  without  tendency  to  lateral  spreading,  while 
all  other  parts  remaiu  ut  rest.  It  is  shown, — 1,  that  the  motion  in 
this  filament  of  fluid  may  be  ])ro])agated  with  a  uniform  Telocity  $ 
9»  that  in  one  straight  line,  which  may  be  called  its  axis,  the  motion 
is  entirely  longitudinal ;  3,  that  at  all  other  points  the  motion  is 
partly  longitudinril  and  partly  transt'ersal  ;  4,  that  the  motion  is 
vibratory,  the  vibrations  both  longitudinal  and  transversal  following 
the  law  of  sines ;  5,  that  the  condensation  («)  in  any  transverse  plane, 
ai  a  point  whoae  oo«ordinatct  In  that  plane  reckoned  ttm  the  aiie 
an  9  and  jf,  la  given  by  the  equation 

g  being  a  certain  constant  It  follows  that  the  condensation  In  any 
transveiae  plane,  being  detennined  by  a  partial  differential  equation* 

is  arbitrary,  and  by  consequence  that  the  trnn^vcrsp  velocity  varies 
at  a  g-iven  time  from  point  to  point  of  iuiy  transverse  plane  in  an 
arbitrary  manner.  To  obtain  the  foregoing  equation,  it  is  assumed 
that  the  condensation  at  any  point  of  a  tranaverae  plane,  has  to  the 
oondenaation  at  the  intersection  of  the  plane  with  the  axis,  a  ntSo 
not  variable  with  the  time. 

ERch  fluid  filament  in  vibration  is  supposed  in  this  theory  to  cor» 
respond  to  a  ray  of  light.  The  vibrations  in  different  fluid  filaments 
may  co.exist,  and  consequently  rays  be  propagated  lu  the  suiue  direo« 
tion  independently  of  each  other.  A  ray  of  common  light  has  tho 
condenaatkm  aymmetrically  arranged  about  the  axis. 

May  25,  1846  A  Theory  of  the  Polarization  of  light  on  the 

Hypothc"']"  of  Undulations.    By  the  same  Author. 

jiriji!  r  a  continuation  of  the  foregoing.  A  ray  in  which 
the  cuudeusutiun  in  not  arranged  symmetrically  about  the  axis  is 
considered  to  be  pokriMtd,  Polarization  in  this  theory  correepoDds 
to  difeence  of  oondenaation  in  different  diiectionB  transvene  to  the 
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axis  of  the  my.    The  sensation  of  light  is  due  to  the  transverse  vi- 
brations.   By  assuming  that  the  bifurcation  of  a  my  takes  place  so 
that  the  transverse  velocity  at  each  point  in  resolved  into  two  velocities 
at  light  angles  to  each  other,  and  that  these  are  respectively  the 
velocities  at  tbe  corresponding  points  of  the  two  parts  into  whidi  the 
lay  is  diyided.  Professor  Oialds  iinde«-~l,  that  if  the  or^jpnal  my  be 
one  of  common  light,  the  two  parts  are  symmetrieal  about  planes  at 
right  angles  to  each  other  passing  through  the  nxh.  and  are  each  of 
half  the  inten^'ity  of  the  original  ray ;  2,  that  it  tlie  original  ray  has 
been  once  polarized,  the  ratio  of  the  two  parta  is  equal  to  the  square 
of  tbe  tsagisnt  of  the  angle  which  the  plane  of  the  second  pokriza* 
tion  makes  with  that  of  the  first  s  8,  that  whether  the  on^nal  ray 
be  one  of  comn^on  light  or  apolazized  ray,  the  two  parts,  on  pursuing 
the  same  path,  form  a  compound  ray  the  inten?it}^  of  which  is  in- 
dependent of  the  difference  of  phase.    According  to  this  theory, 
elUptically  or  circularly  polarized  light  is  produced  whenever  a  ray 
of  hrst  poluiization  is  divided  into  two  parts  which  subsequently 
puisne  the  same  path  in  diffietent  phases.   If  the  parts  be  nmde  to 
meet  in  the  same  phase*  they  constitute  the  original  polarized  ray* 
Hence  is  explained  the  necessity  of  the  analysing  plate  for  the  piO> 
duction  of  colours  by  polarized  rays  transmitted  throuc^'h  thin  pieces 
of  uniaxal  or  biaxal  crystals.  The  compound  rays,  if  receiver!  directly 
by  the  eye  on  leaving  the  crystal,  would  be  of  the  same  intensity 
whatever  be  the  diifi^nce  of  phase.  But  when  they  fall  on  the 
plate,  thoie  incident  in  the  same  phase,  being  equivalent  to  rays  of 
first  polarization,  are  incapable  of  reflexion,  wUle  the  remainder, 
vhich  are  incident  in  the  form  of  elllptically  or  circularly  polarized 
li^ht,  are  reflected  in  different  degrees  of  intensity  according  to  the 
diiicrcnce  of  ]ihase.    The  author  states  that  he  has  extendbed  this 
theory  to  the  phcenomena  oi  double  rclracUon. 

On  a  Change  in  die  State  of  Virion  of  an  Eye  affected  with  a 
mal-fonnation. 

Twenty  years  ago,  the  author  communicated  to  the  Society  a  state> 
ment  of  the  effpct?  of  n  mnl. formation  in  hi?  left  eve.  The  rays  of 
light  coming  from  a  luniinous  point,  and  falling  on  the  whole  surface 
of  the  pupil,  do  not  converge  to  a  point  at  any  position  within  the 
eye,  but  converge  so  as  to  pass  through  two  lines  at  right  angles  to 
each  other»  and,  in  the  ordmary  position  of  ^tut  head,  inclined  to  tihe 
vertical,  as  formerly  described  (Transactions  of  the  Sodety,  toI.  iL). 
As  the  luminous  point  is  moved  further  from  or  nearer  to  the  eye, 
the  image  of  the  point  becomes  n  straight  line  in  one  or  other  of  the 
])Oaitions  above-mentioned,  feince  !  S25  the  inclinations  of  the  two 
focal  lines  to  the  vertical,  their  leugUi,  uad  their  sharpness  do  nut 
appear  to  hare  undeigone  any  sensible  change,  but  the  distances  at 
which  the  Inminons  point  must  be  placed  to  bring  the  IocbI  lines  re- 
spectively exactly  upon  the  retina  are  increased,  having  been  formerly 
3*5  and  6  inches,  and  being  now  4'7  nnd  8*9  inches.  Thu.=  while 
the  shortsightedness  of  the  is  diminished  the  astigmatism  remains 
the  same, 

"  On  the  Geometrical  Representatton  of  the  roots  of  Algebraic 
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Equations."  By  the  Rev.  H.  Goodwin,  late  Fellow  ol  Cmus  Col- 
lege, and  Fellow  of  the  Cambridcre  Philosophical  Society. 

The  clianges  of  value  of  any  function  of  x,  f  (*•)»  m&y  be  very 
clearly,  and  for  some  purposes  very  usefully  represented,  by  tracing 
the  curve  defined  by  the  equation  z=/  (;r^ ;  and  the  positive  ana 
negative  roots  of  the  cqnatioii  /  (x)=0  will  he  the  distances  from 
the  origin  aft  which  the  carve  cuts  the  axis  of  x. 

In  this  memoir  a  similar  method  Is  applied  to  the  representation 
of  the  changes  of  value  of  a  function  of  (.r),  corresponding  not  only 
to  real  values  of  .r,  but  also  to  values  of  the  form  x-\-y  \J  —  \ .    If  we 

make  z=-f  (-J'  +  y  V  ~  !)•  ^"^^  restrict  ourselves  to  real  values  of  r, 
the  equation  separates  itself  into  two,  wbich»  it  is  shown,  may  be 
represented  symbuixcuily  by 


iraoos 
andOssin 


and  these  will  corre'^pond  to  a  curve  of  double  curvature,  the  inter- 
sections of  which  With  the  plane  of  xy  will  determine  by  the  distance 
of  those  points  from  tiie  origin  the  imaginary  roots  of  the  equation 

The  properties  of  this  curv^  ^re  fully  ^jscassed  for  the  ease  of  /  («) 

hmg  equivalent  to  r"-f;j,  .r«_i+;7.  r,,_2+  ....  whevep,  ji^ 
•  <.  *  .  Pn  are  real ;  ami  the  following  results  arc  obtained. 

1.  The  ordinate  of  the  curve  admits  of  no  maximum  or  minimum 
value. 

3.  Hie  earve  goes  off  into  infinite  branches,  which  lie  in  asymp- 
totic planes  c^wly  inclined  to  each  other,  and  which  tend  alter- 
nately to  positive  and  negative  infinity. 

3.  Any  plane  paraUel  to  the  plane  of  xy  cuts  the  curve  in  a  points 

end  no  more. 

Iruiu  this  last  re^ulL  the  existence  of  »  roots  and  no  more  for  an 
equation  of  a  dimensions  b  the  immediate  result. 

Several  well-known  theoremK  are  deduced  from  this  view  of  ihe 
8ul]gect»  and  are  given  as  illustrations. 

Th(^  actual  nirvef?  nre  trnred,  correspond in;^  to  the  various  ra?p,«; 

of  the  (ju  ulratic,  the  cubic,  and  the  biquadratic  equations,  and  to 
the  equation  jr»— 1=0. 

In  the  conclusion  of  the  memoir  it  is  remarked  that  the  resnlta 
obtained  are  not  ezdnsively  applicable  to  the  case  of  algehnic 
equations,  and  the  methods  are  applied  to  the  case  of /(x):=stn  x. 

The  author  trusts  that  the  contents  of  this  memoir,  tliough  not 
adding  to  the  number  of  known  theorem?,  may  yet  be  u^rf'il  as 
putting  the  subject  in  a  new  light,  and  as  furnishing  u  luctliud  of 
demuu&tratiug  the  existence  of  the  rooti»  of  algebraic  equations  more 
simple  and  duect  than  any  other  which  he  hu  aem. 
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LVilL  LitelUgence  and  MisceUajieom  Ariicks, 

BLECTEICAL  EXFERIMBHm 

PllOF.  HENRY,  of  Princeton,  communicated  to  the  American 
Philosophical  Society  the  result  of  a  scries  of  Gxpcriment.s  on 
electricity  made  last  winter.  They  had  reference,  first,  to  the  dis- 
charge of  electricity  through  a  long  wire,  connected  with  the  earth 
at  the  farther  endj  eecoudly,  to  the  diiichaige  of  a  jar  through  a 
'vrin;  and  thirdly,  to  an  attempt  to  account  for  the  phaenomena  of 
dynamic  induction. 

Prof.  Henry  first  showed,  that  whea  a  charge  of  electricity  is 
given  to  one  end  of  a  wire,  tlie  different  part=  of  the  "wire  become 
charged  successively,  as  though  a  wave  of  electricity  passed  along  it. 
He  then  showed  that  the  charge  passed  along  the  surface  of  the 
wire,  and  not  through  its  who£e  maBS,  as  was  supposed  from  ti&e 
analogy  of  galvanic  conduction.  Hence  he  inferred  that  dynamical 
electricity  obeys  the  same  laws  as  the  statical.  He  then  detailed 
some  experiments  upon  the  passage  of  electricity  through  plates,  and 
showed  that  when  a  charge  was  transmitted  across  a  plate,  the  ten- 
sion was  greatest  at  the  edges,  the  electricity  apparently  exercising  a 
self-repelling  action,  while,  if  the  charge  were  passed  through  two 
pieces  of  tinfoil,  these  slips  attract  each  other. 

Prof.  Henry  believes  that  it  may  be  jnatly  inferred,  from  these  ez- 
periments,  that  the  attraction  is  due  to  pondc  rn  V  Ic  matter,  while  the 
repulsion  is  due  to  rlertriritv  ;  thus  showing  tliat  i  lecttict^  IS  asepa* 
rate  principle,  niul  not  a  mere  property  of  matter. 

Proi.  Heur\  next  passed  to  the  subject  of  the  discharge  of  a  jar. 
It  WM  necessary,  iahk  ezplriinants.  to  get  rid  of  the  free  eleotricity 
arising  from  the  thickness  of  the  glass,  and  it  ocoorred  to  him  that 
this  might  be  done  by  removing  the  knob,  and  making  the  coating 
upon  the  inside  of  less  area  than  that  upon  the  outside.  With  this 
arrangement,  when  the  discharge  was  made  through  a  long  wire,  and 
a  test  jar  brought  near  it  during  discharge,  a  bright  spark  passed  ;  but 
upon  approaching  the  Jar  to  a  delicate  electrometer,  it  gave  no  indica- 
tions of  free  eleetiioity.  Reflecting  upon  this,  and  npoB  an  eipeii- 
ment  of  P^.  Wheatstone,  he  was  led  to  beliere  that  the  jar  is  dis- 
charged by  two  waves,  a  negative  and  a  positive  one,  starting  simul. 
tnneously  from  the  two  ends  of  the  wire.  To  prove  this,  he  broke 
the  wire,  and  interposed  a  pane  of  glass  dusted  with  red  lead  and 
sulphur;  two  figures  of  positive  and  negative  electricity  were  })ro- 
dnced.  He  ma&  sevenu  other  experiments  tending  to  prove  this 
same  fiust.  He  showed  how  these  en>eriments  serve  to  explain  that 
of  Dr.  Priestley,  where  a  spark  was  found  to  pass  between  the  ends 
of  a  long  bent  wire^  the  ends  being  brought  within  a  few  inches  of 
each  other. 

He  next  passed  to  the  connexion  between  stnticnl  and  dynamical 
induction.  Statical  induction  has  heretofore  only  been  observed  at 
short  distances.  Prof.  Henry's  first  experiment  proved  tiiat  it  coold  be 
observed  at  the  distance  of  nineteen  feet,  the  Hoor  of  a  chamber  inter* 
▼ening,  showing  that  statical  induction  tidces  place  at  great  distsncei* 
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Itai^  not  at  so  great  ^tMwes  as  the  dyoanieal.  He  tiien  ex« 
pfaaned  his  views  of  the  nature  of  dynainicsl  inductbn.  When  a 
spark  is  thrown  upon  a  wire,  it  passes  in  a  wave,  whose  length  migiit 

be  determined  if  we  knew  the  velocity  of  clcrtricitv  ;  now,  if  we  have 
aiu  dicr  parallel  wire,  a  iic«rEti?e  wave  will  be  fi  >i  ine<l  m  tins,  and  the 
two  waves  will  travel  simultaneously  in  the  same  direction.  But  this 
Is  equivalent  ta  aposlte  iatocsdwave  in  the  opposite  dinotkm.  In 
tiiis  way  llie  piuBOomeiia  aeoompaapng  tlie  diwliaige  of  ajar  are 
easily  explsined.  Again,  if  we  conceive  tiiat  in  a  gslvenio  oattery 
the  discharge  consists  of  a  scries  of  such  waves,  we  may  VCry  simpl J 
azpkua  the  phttnomena  of  galvanic  iaductioD* 


ml  TBB  SZAMIKATION  OF  THE  ASHIft  Of  OMIAIIIC  BODI86. 

BY  H.  BOSE. 

Considerable  attention  has  recently  been  paid  to  the  analysis  of 
tlic  a»;|ics  of  plants  and  animal  substanors.  We  now  hosscj^s  a  %'ery 
large  number  of  quantitativo  analyses  ot  diliereut  ashes,  which  may 
considerably  enlarge  our  knowledge  of  the  chemical  compos lUon 
of  the  inoiganio  eoastitoeati  of  oigaoie  snhstanoes,  Fk«quently, 
however,  very  ineorrect  eooetasieiis  are  liable  to  be  drawn  from  tlie 
lenilts  of  these  analyses,  as  th^  have  hitherto  been  made,  with 
respect  to  the  constituents  in  the  organic  body.  This  ob^jprvafion 
struck  ine  nn  pprn<;in«;  M.  Enderliii's  paper*,  who  found  in  the  a>!u  > 
of  the  blood  only  phosphate  of  soda  ('iNaO  -f  P*0*),  phosphate  oi 
Bme  and  magnetia,  peroiide  of  iron  and  perphospbsle  of  iron,  suU 
nhate  of  soda,  snlphate  of  lime^  eMoride  of  sodiam  and  potassium, 
bat  no  alkslioe  carb<mat8s.  From  the  results  found  he  asserted  the 
tot;d  absence  of  carbonated  alkalies  and  of  alkaline  salts  with  r>r<]^a!iie 
acids  in  tin  hU)od.  It  is  evident,  however,  that  these  conclu.sions 
may  be  erroneous,  in  so  lar  as  at  a  high  temperature  the  ordinary 
pilosphate  of  soda  (SNaO  +  HO  4*  P*0*)  is  capable  of  ezpelliag 
the  earbooic  add  from  tlie  csrbonate  of  soda  and  forming  basie 
phosphate  of  soda. 

This  observation,  respeetTn?  the  conclusion's  which  M.  Enderlin 
has  drawn  from  his  investigation'^,  has  already  i>een  made  by  several 
persona.  Marchand  f  has  attempted  to  refute  Enderlin  ;  Berzeltus,  in 
his  most  recent  report,  likewise  draws  attention  to  the  subject ;  and 
Goiding  Bird)  \m»  preparsd  the  bssie  pliospbate  of  soda  (SNaO 
•f  P«  O*)  by  heating  the  ordinary  ]  l  osphate  of  soda  (SNaO  *f  HO 
O*)  to  redness  with  acetate  of  soda. 

I  have  also  examined  the  ash(  s  cif  flip  hlood  (ox-blood),  but  have 
obtained  very  different  results  trom  those  of  M.  Enderlin.  The 
process  I  adopted  was  the  following : — I  exposed  the  blood  in  a 
eoveved  plattnnm  ernollile  to  a  very  fidnt  rgd  beat,  extiaeted  the 
oold  mam  with  water,  and  evaporated  the  ooloorless  liquid  to  dry- 
ness ;  it  consisted  of  alkaline  chlorides  and  carbonates,  with  very 
nunute  quantities  of  alkaliue  sulphates  and  phosphates.  The  charred 

•  Chcm.  Gaz.,  toI.  iii.  p.  230.  f  Ibid,  voL  iv.  p.  m 
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mass,  extracted  with  water,  was  now  treated  with  hydrochloric  acid ; 
tlie  filterrfl  jtolution  <lid  not  yield  with  ammonia  a  very  ronMidemble 
precipitatei  which,  ailhougb  it  looked  almost  like  pure  iiyciraled 
oxide  of  iron,  coatained  some  phosphoric  acid  as  well  as  lime  aud 
BiBgBetia.  In  the  filtered  aolutson,  I  obtained  with  oialale  of  am* 
monia  a  pretty  considerable  precipitate  of  oxalate  of  lime,  proving 
the  presence  of  carbonate  of  lirae  in  the  charrod  blood  ;  and  in  the 
lifjuid  separated  tliert'  uus  also  a  «niall  (juantity  of  magnesia.  The 
ciiidt'r,  af^er  treatment  witii  water  uud  hydrochloric  acid,  yielded  a 
▼ery  oonsiderable  quantity  of  a  redHMloured  ath  on  being  burnt  ift 
an  atmosphere  of  oxygen.  It  was  in  a  semifused  state,  aud  contained 
peroxide  of  iron  (wlhiob  formed  the  chief  part),  earthy  and  alkaline 
phosphates  *. 

if  the  fixed  constituents  in  plants  are  examined  according  to  the 
above  process,  totally  different  reaulla  m  frequently  obtained  to  those 
yielded  by  the  aah  analyses  whioh  hafe  been  published  up  to  thia  time. 
The  ashea  of  peas  have  been  eiamined  by  Fresenius  and  Will*  Bichoni 

Tlion  and  Bousslngault ;  none  of  tin m  enumerate  carbonic  acid 
anion the  constiturnt!;.  From  the  investigations  which  have  been 
made  by  Di^.  Ciibbt>  and  Bromeis  in  my  laboratory,  the  amount  of 
carbonie  acid  in  the  salts  which  are  eitraoted  from  the  charred  peas 
by  water  amounts  to  somewhat  more  than  27  per  cent.  Evidently^ 
in  tlje  former  metliod  of  reducing  to  a&h,  the  carbonic  acid  has  been 
entirely  expelied.  Phosphoric  acid  is  only  present  in  small  quantity 
in  the  aqueous  extract  of  charred  peas.  When  the  charred  peas  are 
subsequently  treated  with  hydrochloric  actdt  a  solution  is  obtained 
which  contains  a  moderate  quantity  of  earthy  phosphates.  If  the 
charred  peas  are  now  jierfectiy  reduced  to  ash  in  an  atmosphere  of 
oxvgen,  a  very  eonsidcruljle  quantity  of  ash  is  obtained^  which  COD* 
aists  principally  of  earthy  and  alkaline  pho)»phate». 

That  the  uicthod  of  pit  paring  Ihe  ash  of  organic  substtances  has  con« 
sidemble  influence  upon  the  composition  of  the  ash  has  already  been 
noticed  by  several  chcmi'^tg,  especially  by  Ei-dmannf,  who  showed 
that  acid  phosphates,  which  yielded  white  precipitates  Mith  nitrate 
of  silver  by  iiiFiition  with  carbon,  lost  a  considerable  portion  of  the 
phosphoric  acid,  una  ilicii  produced  a  yellow  precipitate  in  the  solu- 
tion of  silver;  he  observed  further,  that  chlorine  and  sulphuric  aold 
might  be  contained  in  very  different  quantities  in  the  ashes>  aooording 
to  the  mode  of  preparing  them  ;  and  that  in  the  ashes  of  many  seeds 
not  a  trace  of  chlorine  had  been  found,  while  the  a^fueous  extract  of 
the  i»ecd  contains  very  perceptible  quantities  of  chloride  of  sodium. 
Mitscherlich  %  has  likewise  drawn  atlentioa  to  several  cinjumstances, 
by  which,  in  incinerating  ofganic  sobstancesy  the  ashes  are  frequently 
decomposed  and  rendered  impure. 

Tile  mode  of  determining  the  fixed  conBtitueTits  of  an  orjjanic 
sutntancCf  as  above  described,  appears  to  me  more  advantageous 

*  AfltT  tliose  olison-ations  lind  been  penned,  T  ohsfrvcd  tliat  Lchmuin  had 
proved  the  presence  of  alkaline  carbonate  in  the  blood  by  a  different  method.^ 
Ses  Gtfsi.  Qmut  voL  v.  pi  133. 
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ttid     more  rational  thaa  the  wathoJi  uaoally  employed.   Jt  nu^ 

be  ol^ee^  to  it,  that  it  takos  more  time ;  but  not  only  are  far  more 
correct  results  obtained  by  it,  but  it  is  hIno  capable  of  answering 
several  (questions  as  to  how  or  in  what  conil)inuf ions  tlie  euustitucnts 
louoil  tu  tiic  Uj»h  wfcrc  cuutaiued  iu  the  urgaiiic  ^ubatauce.  Accordiug 

to  the  method  which  I  propose,  the  organto  aubiteiioe  ie  efaaned  at 
a  very  faint  red  heat,  so  that  the  w  ater  with  which  U  is  extracted  ia 
not  coloured  yellowij»h  or  brownish.  At  Um  temperature,  which, 
owing  to  the  volatilization  of  so  many  siibsitances,  is  much  lowr  r  tfcui 
would  appear,  no  alkaline  chlorides  are  volatili/.ed,  nor  can  ciiloiine 
be  expelled  from  theui  iu  the  form  ut'  hydruchluric  acid  by  acid 
phnapnatai.  The  elkaline  and  earthy  phosphates  are  net  able  to 
exp4  the  earbooie  aoid  from  the  alkaline  carbonates,  either  conteined 
in  the  organic  substance  or  formed  by  the  charring ;  nor  can  phos> 
phoric  ac'r!  be  eliminated  from  its  eombiiKit mhis  by  silica,  retluced 
by  cari)ou,  afid  ^  olatilizet^  in  the  I'orm  of  plio^phut  us.  The  ciiarring 
is  eilccted  t;itiicr  in  a  spacious^  covert^d  platiuuui  crucible  over  a 
spirit-lamp,  or,  with  larger  quantitiee  of  the  organic  enbrtaneee,  in  n 
spacious  covered  Hemian  crucible*  especially  if  they  do  not  fiiie. 
Wiien  there  is  no  longer  much  empyreumatic  odour  perceptible^  the 
beating  is  discontinued,  the  cold  mass  left  for  some  time  in  contact 
with  water,  and  the  solution  uf  the  &olul>le  salts  furthered  by  heating; 
tbeeduicoi  utiuii  requires  considerable  tiiue  aud  uiuch  hot  water ;  but 
if  the  highest  degree  of  aeeiiracv  is  not  desired,  the  edolcomtion 
may  he  &oontinued  when  several  drops  of  the  wash*  water  leave  n 
scarcely  perceptible  residue  on  eTapOfition  upon  n  slip  of  platinum; 
this  point  is  very  soon  attained. 

The  aqueous  extract  contiiins  the  alkaline  salts.  The  alkalitie 
chloriden  were  coutaiued  a^i  buch  iu  the  organic  frubstaucu  pieviouii 

to  the  eherrina,  as  well  as  at  leasin  part  of  ue  alkaline  sulphates  and 
phoephelea.  If,  as  in  most  cases>  oarbonated  alkali  b  found  in  the 
aqueous  extract  of  the  charred  mass,  it  either  pre-existed  in  the 

organic  substance,  or  the  alknli  in  it  was  combined  with  an  organic 
acid  or  some  other  orgamc  body,  which  acted  the  part  of  an  acid 
towards  the  aliodi.  If  the  organic  substance  coutaia  uulphatc  of 
lim%  this,  when  earbonated  alfc&es  an  prewnt  in  soffident  quantity 
In  the  ehaned  ma^s,  is  convertedt  on  treating  the  hitter  with  wetery 
into  carbonate  of  lime  and  alkaline  sulphate.  In  the  same  way» 
when  phosphate  of  lime  is  present,  a  certain  quantity  of  alkaline 
phosphates  m  formed  from  it  in  the  aqueous  extract  by  the  alka- 
line carbonates  Carbouated  alkali  aud  pUo&phatc  of  lime  are  uot 
perfiMsUy  deoomposed  even  by  fusioo  at  very  high  tcmpenetuiet. 
The  decomposition  in  presence  of  much  water  is  likewise  imperfeetf 
and  the  more  alkaline  phosphate  is  obtained  in  the  aqueous  extract, 
the  more  concentrated  the  solution,  the  more  curbouated  alkali 
it  contains,  and  the  longer  the  charred  niass  has  bt  en  digested  at 
an  elevated  temperature.  Alkaline  bulpha'iej»  aud  pliot^pliateti  will 
however  be  found  in  fat  smaller  quantities  in  the  aqueous  eitmet  of 
the  ehaned  mem  than  was  to  be  expected  fipom  theash  inalyiesthal 

have  been  hitherto  pobiished.   Frequently  the  tvo^  and  dmedilfar 

S  C  2  -^-r-v. 
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die  lattor,  am  present  only  wben  too  higli  a  tempemiam  hit  been 
employed  io  the  charring.  From  tiiii  however  Ik  m  ifvldeat  that  the 

nntnrr  of  the  pn1t<?  in  the  aqueous  extract  mav  van'  somewhat,  ae- 
cording  to  tiie  temperature  employed  and  the  longer  or  shorter 
digestion  of  the  mass  with  water.  When  the  charring  is  effected  at 
too  high  a  temperature,  the  greater  pottioD  of  the  carbonated  attai- 
lies  are  deoompoeed  by  the  earthy  pboaphatet. 

Tbe  aeeorate  examination  of  the  salts  in  the  aqueous  extract  li 
not  accompanied  with  any  great  difficulties.  One  cirrum^stance 
however  renders  it  somewhat  less  easy  ;  carbonate  and  phosjiluiti'  of 
lime  and  magnesia  frequently- dissolve  to  a  considerable  extent  in 
iieotral  solotiona  of  alkuiiie  iula,  partlealariy  of  alkaline  eaibonatea 
and  pboepbates;  io  the  conne  of  time  they  are  deposited  fVom  tbe 
aoltttioM^  eipeeiany  after  the  application  of  heat  IVben  Iftereforc 
the  aqueous  extract  is  evaporated,  it  frequently  bccomei  aomewhat 
turbid,  and  deposits  small  quantities  of  earthy  8a1t«.  It  should  con- 
sequentiy  be  evaporated  nearly  to  dryness,  diluted  with  water,  and 
tbe  solution  let  aside  for  some  time';  when  the  eartby  salts  bave 
subsided*  it  is  filtered,  the  filtered  solution  evaporated  to  dryness^ 
and  its  wdght  determined.  When  there  is  no  ailfaline  phosphate  or 
sulphate  present,  the  examination  is  very  easy.  The  fjMaTitity  of 
carljonic  acid  is  deh  i mined  in  a  suitable  apparatus  by  dt'composilion 
with  nitric  acid  ;  and  upon  this  that  of  the  chlorine  by  a  solution  of 
silver ;  upon  whiob*  after  removing  the  oxide  of  silTer  by  hydro* 
dhloric  acid  and  concentrating  the  liquid,  the  potash  may  be  SCINI^ 
rated  from  the  soda  by  chloride  of  platinum.  With  the  presence  of 
alkaline  sulphate  or  phosphate,  it  is  advisable  to  divide  the  quantity 
of  the  alkaline  salts,  and  in  the  one  half  to  deternrnn  tfie  quantity 
of  the  chlorine  and  the  alkalies,  and  in  the  other  lliat  ul'  the  carbonic 
add  by  decomposition  witb  bydroobloric  add ;  that  of  tbe  anlphnrle 
add  by  a  salt  of  barytas;  and  after  removing  the  baryta  by  means 
of  sulphuric  acid,  and  supersaturating  with  ammonia,  to  ascertain  the 
quantity  of  pho'^phoric  acid  by  means  of  a  solution  of  a  salt  <rf'mag* 
nesia  to  which  chloride  of  ammonium  has  been  added. 

The  charred  mass,  exhausted  with  water,  is  now  digested  with  hot 
bydrooblorio  add  for  some  length  of  time,  and  tlien  waslied  with 
water.  This  operation  requires  considerably  more  time  and  water 
than  in  the  treatment  of  the  charred  mass  with  water;  and  if  the 
v  nsliint;  \M  re  to  be  continued  until  some  drop?  of  the  filtered  liquid 
wo  longer  produced  any  opalescence  in  a  solution  ol  silver, an  enor- 
BKKis  length  of  time,  several  months,  would  be  required,  especiailr 
in  operating  open  large  quantities.  The  cdaleoration  therefore  m 
only  continued  until  a  considerable  quantity  of  the  waill-water  does 
not  exhibit  a  trace  of  precijjitate  when  treated  with  ammonia ;  it 
will  then  also  be  seen  that  a  large  (juantity  of  the  wasih  water,  w  hen 
evaporated  upon  platinum,  no  longer  leaves  any  perceptible  residue: 
Ibis  does  not  require  much  time,  especially  when  hot  water  la  used. 

The  add  solntioo  contains  the  eartliy  phosphates  which  existed 
as  such  in  the  ofganie  substance  and  the  peroxide  of  iron.  It  is 
pedpitated  by  ammonb»  md  after  having  determined  the  weight 
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of  the  preoifiilili^tlie  bases  are  sepanled  ftom  the  phosphoric  acid. 
I  shall  subsequently  describe  in  thc«o  pnc^es  a  method  by  which  this 
may  be  arcomplished  without  any  <iilV;culty.  On  separating  the 
earthy  p!ios}»hates  by  means  of  ammonia,  a  small  qoantity  reiiiaius 
dissoWed  iu  the  filtered  liquid,  owing  to  the  presence  of  chloride  of 
•mmoiiiQm;  consequently  upon  adding  oxalate  of  anmioniai  a  pro- 
flipitate  of  oialate  of  lime  is  obtained,  bat  ita  quantity  is  usually 
kirger  than  corresponds  to  the  phosphate  of  lime  dissolved  by  the 
chloride  of  ammonium  ;  consequently  a  portion  of  the  lime  existed 
as  carbonate  of  lime  in  the  charred  iimss,  or  was.  lunned  by  the  dc' 
CompositioQ  ol  the  sulphale  and  phosphate  of  lime  bv  the  alkaline 
ctiboDfttaB*  Hm  liquid  filleted  from  tlie  oxalate  of  lime  indiealei^ 
on  the  addition  of  a  solution  of  phosphate  of  soda»  the  presence  of 
aone  magnesia.  The  insoluble  earthy  salts  which  separated  from  the 
aqueous  exiiaot  may  be  examined  ooqiointly  with  those  in  the  acid 
extract. 

With  respect  to  the  charred  mass,  which  has  been  exhausted  with 
vater  and  hTdroehlofie  add,  it  wonld  be  imagmed  thai  it  conld  con- 
tain only  uUca  or  silicatei  nndeoompoiable  by  dilute  bydrochloric 
acid ;  but  it  yields  a  very  large  amount  of  ash  on  complete  com« 
!)u^»tion,  even  when  the  oig^o  sabitanoes  contain  no  ailica'or  mere 
traces* 

I  formerly  effected  the  perfect  combustion  of  the  cinder  in  hard 
glass  tttb^t,  in  wUdi  the  mam  waa  heated  to  rednem  while  a  cunent 
of  oxygen  was  paased  ever  it;  this  plan  however  has  its  inconve* 

niences.   If  the  quantity  of  organic  substance  employed  is  mod^ 

ratcly  l:iric:c,  so  nineh  cinder  i"?  obtained,  thnt  a  glass  tube,  even  of 
iai^t^"  diameter,  would  require  to  be  filled  with  it  several  times  to 
burn  it  entirely ;  moreover,  the  tube  is  very  much  acted  upon,  and 
rarely  stands  a  second  heating.  The  combostion  is  in  most  cases 
very  imnerfeet»  and  fcqnltes  much  time  if  but  a  slow  cnrrant  of 
oxygen  be  passed ;  a  rapid  current  is  requisite  for  the  combostion 
to  succeed  \y(A]  \  but  thon  a  considerable  quantity  of  fv^fi  may  readily 
be  carried  away,  especially  it  it  of  a  very  Hi?ht  nature;  this,  it  is 
true,  may  be  partially  preveauil  by  passing  the  gas  on  its  exit 
through  a  stratum  of  water,  bv  varying  the  height  of  wliich  a  dif* 
ftrent  preasnre  may  be  obtained;  but  this  does  not  entiiely  prevent 
the  removal  of  the  ash,  and  if  the  pressure  is  too  great,  the  ^ais 
tube  is  liable  to  bulge  when  strongly  heated*.  But  the  greatest 
disadvantage  attending  the  nso  of  gla»a  tubes  i-^.  that  it  is  impossible 
to  collect  the  ashes  so  as  to  determine  their  weight  accurately.  Fre- 
quentlv  the  ash  has  undergone  slight  fusion ;  it  can  then  only  be 
imperfectly  separated  from  the  ejus  bjr  meciianical  means  or  the 
use  of  solvents.  The  nae  of  tmn  platinum  or  silver  foil,  which  is 
introduced  into  the  glass  tube  previous  to  the  coal  being  placed  in 
it,  does  not  rntirrly  remove  these  serious  disadvantages,  and  gives 
rise  to  others,  i  therefore  employ  for  the  combustion  of  the  charred 
mass  a  different  method,  with  the  results  of  which  I  am  perfectly 

•  The  wstcr  employed  for  this  pur^o^jwntauu  cyanogen  couipouuds  wlieo  the 
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satisfipci.  For  some  time  past  I  liave  no  longer  employed  bulb 
tub(;s  in  ndactions  by  luean;*  of  hydrogen  gas,  but  plaee  the  sub* 
stance  lo  be  reduced  in  a  platinum  or  porcelain  cruciblti,  provided 
wil^  a  platioiim  lid,  which  is  perfomted  lo  tha  eetitre»  ioio  whieh 
passes  a  curved  silver  tube  about  8  indiM  bmg,  through  which  the 
dried  hydrogen  is  convpycd  into  the  cniciblc.  During  ignition  the 
gas  escapes  between  the  li^l  nnd  rrnrible.  Ebflmcn*  bn?  recently 
employed  a  similar  apparatus  lur  the  reduction  of  the  se^quioxide  of 
manganese  to  the  state  of  protoxide.  This  apparatus  can  be  used 
vtth  eoDsidenble  advantafe  for  bming  the  oharrad  nitii.  Tha 
omible  is  half*fi]led  with  the  aobstaoee,  and  heated  ow  « ipiriU 
lamp,  while  a  current  of  oxygen  is  pa«':e<l  into  it ;  with  proper  care 
not  a  particle  of  :\sh  is  carried  away,  and  the  combustion  pmcreds 
very  rapidly ;  a  iurihi^r  quantity  of  the  substance  is  conveyed  trom 
time  to  time  into  the  ervoibla*  Bjr  this  mean  the  aih  obtained  may 
be  weighed  with  suoh  aoeufacy  as  wonld  not  be  easily  aceompliihed 
in  any  other  way. 

the  combtistioil  is  eflPected  in  a  platinum  cruciblr.  this  U 
sometimes  acted  upon;  a  silver  crucible  is  liable  to  partial  fusion 
from  the  heat  during  Uie  combustion ;  it  is  tlierefore  advisable  to 
employ  a  porcehun  erooible,  which  is  a«ted  upon  ftur  leas  than  glass ; 
and  if  veiy  thin  and  somewhat  transiiaient»  the  picgress  of  the  OOIB- 
bastkm  may  be  distinctly  observed  by  the  incandesc6noa» 

The  weicrht  of  the  ash  obtained,  added  to  that  of  the  e^»aporated 
aqueoa.s  extract  of  the  charred  mass  and  to  that  of  the  insoluble 
earthy  baits  dissolved  by  the  iiydrochloric  acid,  gives  the  correct 
quantity  of  fixed  eoDititaeBts  in  the  oiganio  aobatuwe  ^Dploved. 

The  aah  obtained,  especially  when  derived  ftom  v^table  tab- 
stances,  consists  of  the  same  constituents  as  were  found  i  n  t  h  e  aqueous 
and  acid  extracts;  if  alkalies  were  present  in  them,  we  iik<  wise  find 
them  in  the  a.sh  of  the  exhausted  charred  substance ;  otherwise  it 
consists  principaUy  of  earthy  phoiiphates<.  I  have  already  mentioned 
that  nearly  the  whole  of  the  iron  of  the  blood  is  met  with  te  this 
ash.  Only  about  the  tenth  part  of  it  is  found  in  the  aoid  extnet  of 
the  charred  mass,  and  indeed  the  less  the  more  carefully  the  charring 
was  effected  with  exclusion  of  the  air.  When  the  organic  substance 
contains  no  silica,  various  views  may  be  entertained  respectiTig  the 
origin  of  the  ash  from  the  charred  mass  which  lias  been  exitausted 
wim  water  and  acid.  The  moat  probable  is  perhaps  to  derive  It 
firom  an  imperfe<^  exhau^on  with  the  two  solvents.  When  an 
organic  substance  is  destroyed  by  heat,  the  charcoal  formed  may 
contain  such  cavities  that  the  inorg-anic  salts  surrounded  br  them 
are  protected  from  the  action  of  the  solvents.  The  globules  of  the 
blood,  those  of  yeast,  the  ceUs  of  plants,  form  perhaps  after  charring 
extremely  mmute  vesicles,  with  soeh  small  aperturai  that  no  Itqpiid- 
ean  penetrate  into  them.  That  the  vessels  of  wood  are  capable  of 
forming  extrt  iuely  thin  filaments  with  minute  apertures  by  charring 
i.s  known  from  the  investigations  ol  Degent.  Tlio  charred  mass  of 
an  organic  subslaace  (yeast),  after  it  had  been  nxosi  carefully  eac- 

*  Chem.  Gaz.,  voh  i.  p.  G85.      f  Poggendorti  'it  Auualeu,  voL  juulv.  p.  4<i9.  > 
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iMusted  by  water  and  hydrochloric  acid,  was  ground  to  tlie  very 
finest  powder  upon  a  plate  of  nfr;ite  ;  tho  two  «!ol  vents  now  extracted 
only  imperceptible  traces  of  hxed  constitueius,  and  after  burnirjg  tlie 
VJthauttted  charred  mass  I  ubtaioed  the  same  large  aniount  of  ash  as 
Am  tiia  iioii*palwitMl  dharaoal.  It  way  mvwIhtlMi  ha  supposed 
that  the  extiMMlf  tninste  veaides  were  not  dflttroyad  and  torn  by 
the  friction  upon  the  agate  plate.  The  microeoopa  tbraw  no  light 
upon  the  subject. 

It  is  known  that  charcoal  la  capable,  by  a  wealv  kiiui  of  affinity, 
of  removing  eei  tain  salu  from  their  solutions ;  I  have  also  mentioned 
■bote^  tet  whan  tha  ahamd  labilanee  has  been  treated  with  hy« 
drochloric  acid,  it  kabnattimpossiljle  to  remove  the  aeid  by  washing 
with  water;  but  the  quantity  of  ash  is  too  considerabh;  for  us  to 
ascribe  tins  origin  to  it,  since  it  is  known  that  the  salts  which  tlie 
charcoal  has  combined  with  may  be  entirely  separated  by  long  treat- 
ment with  water  at  different  temperatures.  I  mixed  sulj^te  of 
potaih  and  phaipfaata  of  lima  with  augar,  and  abaired  the  mixtim 
Water,  and  after  this  hydrochloric  acid,  extracted  the  two  salts  lo 
completely  from  the  charred  mass,  that  the  latter,  after  CSOmbOBtilHL 
in  an  atmosphere  of  oxygen,  left  not  a  trneo  of  ash. 

Several  acid  phosphates  (metaphosphates )  arc  insoluble  in  iiydro- 
chlorio  acid  after  ignition ;  to  this  cause  might  be  owing  the  resi- 
dnaiy  aah  of  tiie  charred  meeei  bat  although  phosphorie  aoid  ia 
almost  constantly  met  with  in  this  ash,  it  ia  not  alwayii  combined 
with  the  bases  in  the  form  of  acid  salts ;  moreover,  tne  ash  itself, 
when  it  does  not  contain  silica,  is  soluble  in  hydrochloric  acid  after  the 
sails  have  been  exposed,  in  the  combustion  of  the  carbon  m  oxygen, 
to  a  fiir  higher  tempenUure  than  tiiat  employed  in  charring  the 
aiswia  mbitaiMiOi 

^^ited  peroxide  of  iron  is,  it  is  true,  not  ioeoluble  in  hydrochloric, 
acid,  nlthonc:h  vcr\*  8parino;|y  solnlilf^;  its  non  oxtraction  by  acid 
i'vom  the  charred  blood  might  be  attributed  to  this  cause  ;  but  sup- 
posmg  it  to  be  contained  in  the  state  of  peroxide  of  iron,  not  onlj 
MQit  it  be  more  readily  eoiuble  in  hydrochloric  acid,  owing  to  ita 
fiiily  dividad  atata^  bvt  tlM  aside  of  ifoo  wbleb  it  feand  id  the  aeh 
ifter  the  combiution  of  the  coal,  and  which  has  been  fifpnind  to  a 
ftiey  hi«_rh  tpmpfTfittirc,  is  Boluble  in  hvdrorhlorir  ncifl. 

The  alkaline  and  cui  thy  phosphates  which  arc  found  in  the  ash  of 
tite  exhausted  charred  mass  cannot  liave  been  contained  in  the 
fttm  of  matailio  phoMburets  of  a  pecaliar  kind  mixed  with  ooal, 
like  the  phosphaiet  of  ifoo,  which  ia  parfealiy  ineolnbia  in  hydro- 
chloric acid.  It  mif^  be  assumed  that  they  were  formed  by  the 
reduction  of  the  alkalifip  and  earthy  pho^pfmtes  by  the  carbon.  It 
is  scarcely  n<'r(  r;^?iry  i'->  no'icc  this  n'^'-itijj|)ti(in,  for  it  is  well  known 
that  the  neutral  and  basic  aikaiinc  and  earthy  piiosphates  are  not 
Bidnaid  by  aari>oo  even  at  a  high  tempmtare,  at  least  sot  in  tba 
prtewice  of  siiioa  or  any  ainular  fixed  aoid.  Bnt  even  the  excess  of 
phosphoric  aoid  aaottot  be  reduced  by  carbon  from  tba  aeid  phot* 
phates  at  the  temperature  which  I  employ  in  charring  organic  snh- 
atanri^   In  the  case  of  the  blood,  however,  phosphuret  oi'  iron 
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might  be  formed  by  the  reduction  of  the  phosphate  of  iron  by  t!i« 
carbon.  Although  I  was  convinced  that  this  couhl  not  hajipcn  nr. 
the  tempcratuie  which  I  employ t:d,  I  mixed  phosphate  ui  iruu  iuti- 
nataly  with  sugar,  and  oharred  tbe  mtztore  al  a  higher  temfMntani  9 
liydrocbiorie  Mid»  Jiowtver,  extracted  the  nit  to  Mupietfllf  float 
tCe  charred  mast,  tbii  Uui  burnt  witfaoai  any  veaidM  id  aa  ataio 
sphere  of  otjgen. 

It  might  be  supposed  that  the  salts  found  in  the  ash  of  the  ex- 
hausted charred  substances  are  so  iotimaiely  combined  with  orgauie 
aabtlaiMMa  tfart  they  can  only  ba  detaattd  by  roagenti  after  Ifca  act* 
plete  destruetUiii  of  the  latter*  Bat  the  organic  sabataneea  are  ao 
dflitroyed  by  the  charring,  that  if  the  inoiganie  ealtt  feuiid  in  the  ash 
pre-r\T<^trd  such  in  them,  they  should  h»Te  bees  eilmoled  by 
those  agents  i[i  wliioh  tboj'  arc  soluble. 

There  stiLi  remains  one  view  respecting  Uie  origin  these  ashea. 
The  salts  found  in  them  may  perhaps  not  have  pra>«natad  aa  aoeli 
ui  the  orgaDie  substaacea,  Init  were  fiiat  fonned  by  oxklaliiHi  after 
the  burning  of  the  coal.  It  has  long  been  known  tfiat  the  proteiim 
COmpotinds,  o{  hot![  animal  and  vegetable  origin,  contain  ?5n!phtir 
and  phosphorus  in  aa  unoxidized  state;  but,  ns  far  a^^  I  aui  aware, 
the  supposition  has  never  been  advanced,  that  the  radicals  of  the 
earths  and  alkalies  may  likewise  be  contained  in  organic  substances 
in  an  nnondtied  atate»  perhaps  eoasbined  with  those  demeittaL 
These  would  oevtainly  ooastitvte  a  very  peculiar  dass  of  comhina" 
tions,  such  as  we  are  at  present  not  acquainted  with.  If  they  are 
renlly  rombinrf!  uith  organic  substances  in  the  livine;  body,  they 
cannot  have  been  e:>sentially  altered  on  destroying  the  organic  body 
by  charring,  or  they  have  entered  into  combinations  with  carbon 
and  nitrogen,  whieh  are  insoluble  in  water  and  in  hydroeMeria 
acid* 

I  have  already  observed  that  the  salti  found  in  the  ash  of  the 
charred  mass  exhausted  with  water  and  acid,  especially  when  derived 
from  vegetable  subs(anoe«,  ore  similar  to  those  which  occur  in  the 
aqueous  and  acid  exLiacL  ihis  view  can  only  be  confirmed  by  a  t 
longserica  of  investigations  $  but  if  it  should  be  oooitaMd*  then  theee 
Saks  whieh  we  find  in  the  ash  after  the  destnaetion  of  the  living 
plants  were  probably  contained  in  them  only  in  part  as  such,  and  in 
part  in  an  uFioxkiizpfl  ?f:ite.  The  inorganic  salts,  therefore,  which 
are  taken  u|)  titjiu  tin  ><m\  \>\  the  living  plant,  are  partially  deoxi- 
dized by  it,  and  in  this  btalc  i'oim  combinations  with  organic  sub« 
atanees  eontained  in  the  plant. 

This  view  is  far  more  probable  with  reepeet  to  several  aainnl 
substances,  e^cially  the  blood,  than  in  reference  to  plant>%  It  has 
long  been  •suspected  that  the  iron  in  the  blood  was  contalnrd  in  it 
in  an  unoxidized  «tHte ;  and,  acf  ordiiip:  to  the  recent  investigations 
of  Mulder,  the  iron  is  actually  extracted  by  acids  from  hssmatine 
with  evolntion  of  hydrogen  gas.  This  view  anqnlrea  still  greater 
probability  from  the  expersmenta  whieh  I  have  related.  On  the 
other  hand,  it  is  very  remarkable  that  the  iron  cannot  be  extrscted 
from  the  charred  blood  by  hydrochlorie  aoid.  1  thnk  ii  wnoM  ba 
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extremely  Interesting  to  pursue  this  subject  further.  From  what 
has  been  stated,  it  resuUs  that  the  view  whirh  I  have  advanced  can 
neither  be  confirmed  or  refuted  by  any  number  wliatevcr  of  analyses 
of  the  aabes  of  pUmls,  which  have  been  prepared  according  to  the 
mtl^hodB  hitherto  io  ute,  but  only  by  a  proceM  simihr  to  that  I  hare 
deieribcdy  and  which  I  have  thmvfore  pronounced  a  far  mora 
rational  method  of  investij^^ation. 

T  frnvp  :ili-r.ui\  siiuwii  thai  lre(|Uently  very  consitlerubli  (juaniitirs 
ol  alkaline  caibouates  are  extracted  by  water  from  several  organic 
■otMtaaces  after  cbarrtog,  in  the  ashes  of  which  no  carbonic  add 
was  found  by  former  investigators.  But  all  organic  substances  do 
not  yield  alkaline  r hIm  tiat-^s  when  treated  in  this  manner,  even 
tlif^n^Hi  ron'iilrrablc  quuniiiies  of  alkali  are  contain<'<l  in  thrir  a  h. 
Higlily  remarkable  iu  this  re&pect  is  yeast,  the  a:>h  ot  which,  uceur- 
ding  to  MitscAerliidi*,  contains  no  carbonic  acid  and  no  metallic  chlo- 
rides ;  and  my  experiments  show  that  they  are  Uliewise  not  to  be 
found  in  the  aqueous  extracf  nf  tin''  rli.ui-nl  yeast.  Yeast  diffines^ 
on  hptn^r  r  ltarred,  an  odour  similar  to  that  ot  tin  profeinn  compounf?«: 
tiie  acjutous  extract  did  not  turn  litmus-paper  iilue,  became  turt>id 
on  evaporation,  and  deposited  a  large  quantity  of  earthy  pha^^phatcs. 
The  nusst  evapomted  to  dryness,  yielded  on  filtration  a  clear  solu- 
tioOt  which  faintly  reddened  litmus-paper,  and  contained  therefore 
not  a  trace  of  alkaline  cnrbonates;  I  could  only  find  in  it  alkaline 
phosphates,  with  vpry  iiiiiiuir  frnrf^<5  ni'  alkalinr  oti!p}!ntf«;  nnfl  rhio- 
xideg.  The  charred  mass  gave,  on  treatment  witii  iiydroeiiloric  acid, 
a  solution,  from  which  ammonia  threw  down  a  considerable  precipi- 
tate of  earthy  phosphates.  The  cinder,  exhausted  with  water  and 
acid,  furnished  on  combuvtinn  a  very  large  quantity  of  ash,  which 
contained  the  same  con^tltia  nt-  which  had  been  extracted  from  the 
charred  mass.  These  expenments,  the  results*  of  which  entirely 
agree  witli  those  obtained  by  IMitschcrlich,  were  made  witli  top-yeast, 
iriiiob  had  been  perfectly  purified  by  washing*  Other  results  may 
perhaps  be  obtained  by  using  unwashed  yeast  for  tin  r\pcrinu!nl»; 
for  tin  bt  I  l  y  '^rnnrati  (1  from  the  yrast  by  filtration  and  eva- 

porati  il,  *lnl  uot  ditiuso  on  eimiring  the  same  disagreeaMr  odour  as 
tiie  ytra»i  ii:>elf,  or  as  nitrogenous  substances  generally  at  a  high 
tevperatare^  The  etaporated  solution,  extracted  with  water  from 
Ihe  diaired  mass,  containc<1  a  large  amount  of  carbonated  alkali, and 
effervesced  therefore  strongly  with  acids,  w  ith  much  chloride  ofpotas* 
sium.  hnt  nnly  a  little  pho<tphate  of  potash  'Vhr  r'nrrrfl  nia-^s,  ex- 
hausted with  water  and  tiydrochloric  acid,  yitidt  d  a  tokiable  quan- 
ti^  of  a  Ikht  ash  contaiaiog  phosphates  and  a  large  quantity  of 
ittiea,  which  latter  element  Mitscherlich  likewise  found  in  the  ash  of 
bcerf. 

*  Chetn.  Gat.,  vol.  iv.  p,  09. 

t  After  this  paper  bad  been  read  before  the  Royal  Academy  of  Berlin,  I 
npitmi  a  letter  mm  Bsfsdiss,  to  whom  I  lisd  eonmaniested  the  prindpsl 

result^,  i:  \Oiii'h  he  states  that  he  advanced  a  view  similar  to  that  wliich  I  have 
propc»:xeil  vii  the  aibe*  the  klooU,  mure  tUau  40  yearft  ago,  ia  hi»  work  on  animal 
(heroUtry.  fc  essuw  slts  I*  Schwdgger'i  'Joonisl  fir  Chemie  und  ThvMk/ 
%n].  ix.  ]i.  Tt  hfi^  however  never  bseasi|aeisedUftthsnirf(mssdjiiieal 
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■    •U«AB  Iff  HIAIAST  BLOM^ 

la  ttie  Phil.  Mag.  for  Muy  1845i  p.  422,  are  detailed  some  ex- 
periments by  Dr.  R.  D.  TTiomson,  which  sliow  that  when  starcli 
has  been  digef<ted  in  ron.-Iderable  quantities  by  animals,  it  jia.'^ses 
into  the  condition  of  soluble  starch,  or  dextrine  and  sugar,  and  being 
abtmlied  in  the  latter  form  into  the  blood,  can  be  detected  in  that 
fluid  dnring  the  period  of  digestion.  Hie  enerimento  detaflcd  In 
tiie  piper  referred  to  were  made  in  1844.  Magendie  has  lately,  in 
a  paper  communirated  to  the  FrGnch  Acadcm\'  (Compfes  liendu.^, 
xxiii.  p.  1S9),  obtained  similar  results.  He  found  that  when  a  dog 
was  fed  on  cooked  potatoes,  the  blood  contained  dextrine  and  grape- 
sugar.  He  observed  also,  that  if  starch  be  mixed  with  fresh  serum. 
It  n  io  transformed  in  »  few  seconds  that  it  cannot  be  detected  by 
reagents,  and  in  a  quarter  of  an  hour  sugar  makes  its  appearance. 
Tliis  exactly  corresponds  with  the  previous  results  obtained  bj^  Dr. 
Thomson  in  1844,  who  "was  unable  to  detect  any  traces  of  starcli 
in  the  serum  of  the  blood"  (Phil.  Mag.,  May  1845,  p.  420),  but 
easily  obbiined  evidence  of  the  presence  of  sugar  in  the  same  blood. 


CBXMIGAL  ACnoN  OS  UOHT. 

The  ehenioal  action  of  Vght  hat  of  hiile  atfciacted  so  nnieh  atteii» 
tkn,  that  any  fact  connected  with  the  snbject  will  be  received  wdh 

interest  by  fho^o  en^n^ed  in  roconrchcs  on  th!==  brnnrh  of  fricncc, 
which  induces  me  to  ask  the  favour  of  your  publication  of  the  fol- 
lowing. 

I  have  been  enoceasftil  in  obtahdng  wdl«delhied  photographic  im- 
presrioos  on  high^  senative  Dagnemotype  pUvtes,  on  whieh  liie 
obieet,  when  illuminated  by  a  common  dip  candle,  was  impressed  hi 

ten  minntpe  ;  with  the  smRlloet  fi.«h-tail  burner  of  rnnl  rn«  in  three 
minutes;  and  by  the  oil  lamp,  viz.  a  solar  lamp,  in  the  same  time. 
I  included  each  flame  in  the  picture  by  which  they  have  recorded 
their  sise,  and  to  aome  extent  their  ilhiminating  power. 

I  at  preaettt  confine  myself  to  the  lerital  of  these  fteta^  aa  I  atn 
following  up  my  leaearchr^  on  tfie  snhgeet.  I  beg  to  finrwaid 
plates  tor  your  Inspection'^. 

I  am.  Gentlemen, 

a^i  Regent  Street,  Your  most  obedient  Servant, 


ON  TBV  ooHPOcrirDS  or  ctanoobv.  by  m.  ad.  vurtv. 

J^brmalMa  Cfmmrie  jfcitf.— When  a  current  of  dry  chlorine  gaa 
is  passed  over  fused  urea«  very  energetic  reaction  occurs  t  tha  isea 

is  decomposed,  swelling:  up  and  emitting  abundant  white  vapours. 
The  products  of  this  action  are  cyanuric  acid,  hydrochlorate  of  am- 

*  These  w  g  have  received.  Thqr  appear  to  us  veiy  perto;,apd.tha  sffwt 

|iighiy  remarkable.—£o. 
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mouia,  iiiydrochloric  acid  and  azote.  To  separate  the  cyauuric  acid, 
it  is  sufficient  to  treat  the  cooled  mass,  which  remains  in  the  vessel 
In  whieb  tJie  deoompoiition  was  performed,  with  a  Kttie  cold  water. 
The  hydrocUorate  uf  nmmnnia  dissolves  in  the  water,  and  the  cyan- 
uric  acid  remniiis  in  the  f  t  in  of  n  ivhitc  powder,  which,  if  requ^ite, 
may  be  purihcd  by  sokiuon  in  builiug  water.  Tlie  following  equa- 
tion explains  the  reaction  of  the  chlorine  upon  the  urea : 

8(OH4As>0«)  -h  3ClaBAz  +  HCl4>9H«AsGll+OBAz)H«0«. 
The  author  considert  this  ae  the  meet  conTeoient  proceaa  for  pre- 
pariDg  cyanuric  acid. 

Chhrohiidnirct  [hydrochlorntf}']  of  Cijanogen. — When  a  current  of 
chlorine  ga:*  is  passed  into  u  soiutiou  ol  hydrocyanic  acid,  prepared 
by  Trautweiu'b  process,  a  slight  increase  of  temperature  occurs  after 
the  operation  hae  been  Bome  time  continued.  The  liquid  emits  a 
very  perceptible  odour  of  chloride  of  cyanogen,  and  a  vapour  is  iwmed 
"which  condenses  In  small  clroj)8  in  thv  cold  parts  of  the  apparatus, 
and  these  constitute  the  principal  prodiu  t  c  f  the  reaction:  to  collect 
it,  a  tube  with  chloride  of  calcium  is  to  be  udapted  to  the  retort 
whieb  contains  the  hydrocyanic  acid,  bent  at  a  right  angle,  and 
passed  into  a  long-necked  reeetver  cooled  by  ice. 

When  die  operation  is  finished,  the  receiver  contains  a  liquid  which 
is  limpid,  very  volatile,  fumes  on  exposure  to  the  nir.  and  emits 
a  verv  irrltatinc  t)duur  of  chloride  of  cyanogen  :  tiiis  is  nnj  iirc  chio- 
rohydruret  ot  cyanogen.  It  containi*  hydrochloric  and  hydrocyanic 
adds,  fitom  which  it  is  freed  by  agitating  it  with  two  or  three  times 
its  mlume  of  cold  water.  The  stratum  of  liquid  which  separates 
from  the  water  is  to  be  poured  of!',  and  cubmittrd  to  a  fresh  distil- 
lation, its  vapour  being  passed  through  a  tube  containing  chloride 
of  calcium. 

Hie  dilorohydrufet  of  cyanogen  thus  prepared  is  a  eoknirless,  very 
fluid  and  oonroaive  liquid.  It  emits  an  odour  which  strongly  irritates 
tfie  bioneidK,  and  especially  the  eyes.   It  boUs  at  68**  P.   Its  va^ 

pour  burn-i  witli  a  violet  tfanir-.  It  di'-«olvrs  ^enribly  in  WatST,  and 
the  bululiou  j)recipitateb  ratrate  of  silver  white. 

When  brought  into  contact  with  dry  chlorine,  it  is  ttitircly  con- 
verted into  tfdid  chloride  of  cyanogen  and  hydrodikirio  aeid,  As> 
Cl«  H +asH  a+ A9  CP. 

If  this  reaction  takes  place  with  some  grammes  of  the  substance, 
the  sides  of  the  vessel  will  hv  covered  the  next  dnv  "^dth  fine  radia- 
ting needles,  and  there  remums  at  the  bottom  a  viscid  liquid,  which 
eventually  becomes  a  mass  of  large  crystals  of  chloride  of  cyanogen, 

M.  Wurtz  states  that  he  had  some  difficulty  in  analysing  the 
cMof^ydruret  of  cyanogen.  This  will  readily  be  conceived,  when 
the  extreme  volatility  of  this  liquid  is  considered.  The  experiments 
performed  by  tiie  author  led  to  the  formula  C'':\z'Cl«H,  and  this 
appears  to  be  coutirmed  by  the  reactions  winch  the  substance  un- 
dergoes. 

This  substance  may  therefore  be  considered  as  a  compound  of 
hydrocyanic  acid  with  chloride  of  cyanogen,  C*  Az*  CI*,  tlie  descrip- 
tion of  which  will  presently  be  given  i  or  it  may  be  regained  as  solid 
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chloride  of  cyanogen,  Az^  Cl^»  in  which  one  equivalent  of  chlorine 
is  replaced  by  one  equivalent  of  hydrogen. 

liquid  CkbrUk  of  Cyanogen  is  prepared  by  tRating  tiie  chloro- 
hydruret  of  cyanogen  with  binoxide  of  mercury.  In  order  to  avoid 
too  violent  reaction,  it  is  proper  to  mix  this  oxide  with  fused  and 
powdered  chloride  of  calcium,  and  to  render  the  mixture  ven'  cold. 
After  remaining  for  some  hours,  the  mixture  is  to  be  distilled  by 
means  of  a  water-bath,  and  in  the  receiver,  properly  cooled,  a  colonr- 
leaa  liqmd  condenses,  which  Is  a  new  modification  of  chloride  of 
cyanogen. 

It  1!*  a  limi>i(!  liquid,  -u-hich  strongly  irritate??  the  mucous  membrane 
of  the  bronchisc,  and  occasions  the  eyes  to  water.  It  is  more  dense 
than  water.  It  boils  at  61°  F.,  and  at  20°  F.  becomes  a  solid  mass 
of  lung  crystalline  kamue.  Its  vapoor  is  incoralnurtible*  It  fidls  to 
the  bottom  of  a  vessel  of  water,  hot  is  sensibly  soluble  in  it.  The 
solotion  does  not  precipitate  nitrate  of  silver.  The  reactions  de- 
scribed  seem  to  indicate  that  the  alkalies  decompose  the  chloride  of 
cyanotren  into  alkaline  chloride,  nmmonia  nnd  carbonic  arid.  It  is 
well-known  that  the  two  latter  liodies  are  products  of  the  decumpo- 
ntion  of  cyanic  add.  Analyses  performed  by  the  antiior  led  him  to 
condude  that  the  composition  of  liquid  dkloride  of  cyanogen  is  ex- 
pressed hx  the  formula  Az-  CI*.  It  appc-ir^  therefore  to  be  a  new 
Isomeric  of  chloride  of  cyanogen. — Comptet  Bendus,  Mars  Il»  1847. 


nSS^RCHEa  on  hydrates,  stannic  and  META8TANNIC 

ACIDS.     BY  M.  E.  FREMY. 

T]\Q  author  inquires  whether  it  i«  to  be  generally  admitted,  that 
all  acids  which,  by  becoming  anhydrous,  have  lost  theu*  property  of 
combining  with  bases,  axe  no  longer  to  he  considered  aa  acids.  In 
order  to  determine  die  addity  of  anhydrous  acids,  almost  all  sudiaa 
are  known  were  made  to  act  upon  anhydrons  bases,  or  on  salts  con- 
taining acids  less  fixed  than  those  employed ;  the  acids  used  were 
the  carl)onic,  sulphuron^i,  suljtlmric,  phosphoric,  silicic,  boracic,  stan- 
nic, dec.  ihebe  were  iuuud  to  posscbs  tdl  the  characters  of  acids* 
withont  the  intervention  of  water :  thns«  to  dte  one  example,  It  was 
found  that  perfectly  dried  solphurous  acid  completely  decomposed 
ciu-bonate  of  soda,  when  gently  heated,  forming  Fulphitc  of  soda, 
which  was  decomposable  by  an  auliydrous  and  nuue  fixed  acid. 

It  bein^  established  that  a  certain  number  of  acids  preserve  their 
add  reaction  when  rendered  anhydrous,  the  author  esa^ned  whether 
certain  salts  did  not  exist  in  which  water  was  indispensable  $  and 
he  is  of  i^nnion  that  several  classes  of  salts  exist,  the  molectdes  of 
which  are  unquestionably  ternary,  and  always  formed  by  tiie  com- 
bination of  an  acid,  a  base  and  water. 

buppusiug  tiiat  if  energetic  acid:^,  such  as  the  sulphuric  and  nitric, 
form  with  equally  energetic  bases,  salts  which  are  almost  always  an- 
hydrous, it  appeared  questionable  whether  the  same  would  occur  witfi 
acids  whose  affinity  for  basic  water  is  but  slight.  The  author's  atten- 
tion was  directed  to  those  hydratcd  metaUio  oxides  which  arc  soluble 
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latliealladiflt,aiid  wludiaity  beeonstdcnduweaktt^  ItwM 
found  Uiftt  these  bodies  pouvs  tbe  property  of  combinmg  witHbwei 
in  the  state  of  hydndiet  only.  Thus,  hydimted  binoxide  of  copper 

dried  in  the  air,  the  formula  of  which  is  Cu  HO,  is  perfcrtly 
soluble  in  exce??  of  potash  and  soda;  the  solution  is  of  n  hue  blue 
colour,  and  when  evaporated,  even  in  vacttOt  it  ia  decfomposed,  and 
deposits  oxide  of  copper,  which  is  insoluble  in  the  alkidies.  The 
hirdrates  of  addm  of  tin,  «itunioiiy  and  ehnniiain,  S&0»  HO  i 
8b  HO  ;  Cr«  lOHO,  diMol^e  m  the  alkalies,  and  all  become 
insoluble  by  losing  water.  The  author  satisfied  himself  that  the  in- 
solubility ^^''i**  owino;  to  the  separation  of  the  water,  and  not  to  the 
isomeric  moditicatiuD^  which  certain  oxides  undcrg^o  by  calciaiition. 

It  was  found  imposidble  to  obtain  crystalliue  compounds  of  the 
dboviMBCiitkMMMl  hydntaa  iritii  tho  •Usuia;  for  by  cvKpoiitioii* 
efoi  M  wevo,  the  alkali  viiich  it  is  feqniiite  to  aoqiloy  in  enseas 
combines  with  the  water  of  the  hydrates,  or  in  acting  perhaps  only, 
by  ifs  presence  occasion**  the  precipitation  of  the  anhydrous  oxidoi 

The  preceding"  compouiKl-  yic  Ul,  however,  incontestable  proof  of  * 
the  existence  of  saline  groups,  wiiich  are  not  possible  without  tlie 
praence  of  water:  tliay  deasoiiitnifee  tiial  certain  liydntet  owe  theix 
solubility  in  the  alkaUea  entirely  to  water  of  h3rdrati<Mi. 

The  new  facts  stated  establisn  marked  differences  between  stannic 
acid  and  the  acid  which  M.  Fremy  calls  metastannic  acid;  and  this 
he  has  found  forms  three  different  liy(irrite«  with  water:  the  first  is 
insoluble  in  nitric  acid  and  soluble  in  ammonia ;  it  is  obtained  by 
precipitating  a  metastannate  by  an  add ;  the  second  is  produced  by 
tbe  leadion of  iritrie  add  upon  tin s  iti  forasvla  ia  8n*  O^,  lOHO^ 
it  is  insohibld  in  ammonia  and  nitric  acid  ;  the  thiid  is  prepared  by 
dig^  the  pieoeding  hydrate  at  366°  F, ;  ita  tomnla  ia  Sn*  0», 

Neutral  metastannates,  formed  in  the  presence  of  great  excess  of 
alkali,  have  for  their  formula  3n^  0'<>,M0,  4H0,  whereas  stannatea 
am  repreaanted  by  8nO«MO.  The  eqnifalent  of  aelaituuiie  aciA 
la  dien  five  times  greater  than  tiiat  of  atanaie  add.  The  metaatan- 

nates  are  always  bydrated,  are  necessarily  ternary,  and  decompose 

when  dehydrated  :  in  this  ca«e  the  mrtnstannic  acid  !o?es  it«  acidity, 
whcren?  ptannate«,  like  most  other  salts,  may  be  rendered  anhydrous 
Without  decompuismg. 

Hie  caicntial  action  of  water  on  the  eonatftnlion  of  themetatCan* 
nalea.  may  be  readily  ahown  by  &e  following  experimcnta.  If  me- 
taitannate  of  potash  be  gently  heated,  ao  aa  to  take  away  ita  water 

of  combinution,  the  separation  of  the  ncid  and  bapo  h  immediately 
effected  :  on  treating  the  del  ly  el  rated  salt  with  water,  potash  only  is 
dissolved,  which  does  not  contani  a  trace  of  metastannic  acid,  and 
tbla  add  remains  in  an  insoluble  state.  In  this  case,  therefore,  a 
docompoaitioft  ia  aSeeted  upon  a  defimte  lalt,  aimilar  to  that  which 
tiwbliioiidoof  oopper  undi  rL;oeaiiipotathwhenhaat«is  these  two 
phenomena  nre  precisely  of  the  same  description. 

The  dehydration  of  metastannate  of  soda  is  perhaps  ftill  more 
remarkable^  for  it  takes  phice  below  21 2^  F.  Tlus  salt  is  soluble  in 
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oold  water ;  bat  if  it  be  added  to  boiling  water,  it  deodflnpOBaa  in^ 

atantaneously,  and  the  water  contains  pure  soda  only. 

The  author  is  of  opiuiou  that  l.c  has  stated  an  important  fact, 
"which  ie,  that  the  same  oxide,  by  combioiDg  with  different  propor- 
tions of  water,  can  form  two  aoida  which  are  distinguiahed  by  their 
properties*  thmr  equivalentp  .aad  their  mode  of  combiiiiiig  wikb  baaea. 
Worn,  it  Pharm.  et  4»  Ch„  Mara  1847. 


OM  aULPHOXIPBOSVINIC  ACID  AND  ITS  COMFOUVDfl* 

BY  H.  CLOSZ. 

Tlie  andior  reaaaika  that  he  and  M.  Bouyet  had  deaoiibed  a  new 
kind  of  Balta,  tiie  add  of  whicb  they  designated  solphoxiarsenic  acid, 

consisting  of  arsenic,  oxygpen  and  sulphur,  "water  beinjj  deducted. 
The  bulphoxiarseniatc  of  potash,  which  was  obtained  by  passing 
pburetted  hydrogen  into  a  solutioa  of  araeoiate  of  potash,  has  for  its 
formula  Aa  0»  S«»  K0+ 2H0. 

The  great  analogy  existing  between  the  oovreaponding  compounds 
of  arsenic  and  phosphorus,  rendered  It  probable  tliat  sulphoxipbos- 
phates  might  also  be  formed.  After  many  trials,  M.  Clocz  Bucroeded 
in  producing-  these  salts  by  decoinj)osing  tiie  chiorosulphuret  of  phos- 
phoric of  8erullas  by  an  alkaline  solution. 

The  chlorosulphuret  of  phosphorus^  treated  with  coonnion  aloohol» 
yields  an  acid  analogous  to  the  phosphovinic  acid  of  M.  Pelouze. 
Accordinpj  to  M.  Cloez  the  formula  of  this  acid  is  PhO'  S^,  !!^0, 
'2(H0)  ;  it  is  tlu'  sulphoxiphosphovinic  acid.  With  pyroxylic  spirit 
sulphoxiphosphomcthylic  acid  is  formed.  Amylic  alcohol  should 
produce  tbe  corresponding  compound,  sulphoxiphosphamylic  acid. 

B7  saturating  the  sulphoxiphosphovinic  acid  with  the  earbonate 
of  barytes,  lime*  strontia,  &c.,  well-defined  crystalline  salts  are  pro- 
duced: the  formula  of  the  barytic  salt  is  PhO^S'-',     H^O,  ^RaO-i-Aq. 

The  potash  and  soda  salts  are  readilv  o})tained  by  d(  cumjKjbiug 
the  chlorosulphuret  of  phosphorus  with  an  uicuholic  soluuon  of  pot- 
ash or  soda.  These  salts  are  soluble  in  alcohol.  The  following 
equation  explains  the  reaction  which  occurs  with  potash  :  Ph  Cl^ 
+  0«+5  (KO)=Ph C*  H^O  2  (KO)-i-a(KCl)-f  HO.— 
Reiuk$,  Mara  8, 1847. 


ON  AKHTDftOUB  KYDKOfLUOBtC  ACID. 

M.  Louyet  states  that  in  1846  he  mentioned  to  the  Academy  that, 

in  his  opinion,  anhydrous  hydrofluoric  acid  was  as  yet  unknown  ;  in 
proof  of  its  correctnes?;,  he  showed  that  the  acid  supposed  to  be  t»o, 
saturated  a  smaller  quiuiUiy  ui  u  base  than  it  ought  to  do,  if  it  had 
been  anbydroos. 

This  proof  not  having  satisfied  M.  Dumaa,  die  author  was  adviaed 

by  him  to  pass  hydrofluoric  acid,  hitherto  regarded  as  anhydrous^ 
over  anhydrous  phosphoric  acid,  and  to  .collect  the  product  in  a 
platina  vessel  immersed  in  a  freezing  mixturr.  Accordinji;  to  M, 
Dumas,  if  by  tius  process  a  liquid  h)  dxuiiuuiic  ucul  wq.s  always  ob* 
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tallied,  it  would  be  ncceaMury  to  admit  that  the  hydrofluorie  add*  • 
euppoeed  by  MM.  Oay-LiMnfi  and  l^ieiiard  to  be  anfaydioiii,  vaa 

really  so. 

M.  Louyct  performed  this  uxperimcnt  by  the  aid  of  an  apparatus 
which  he  describes,  aud  tlte  result  of  it  i»,  that  aithydrous  hydro- 
Hoorie  add  is  gaseous  at  Itf  F.  at  a  metUum  pmsure.  In  thia ' 
respect  it  doea  not  differ  from  otber  anhydrous  h^dracids,  nor  from 
tbe  flu£»iJiicic  nor  fluoboric  acids.  Hydrofluoric  acid  gas  is  extreniely 
fuming',  on  nrrount  of  its  great  affinity  for  writer  It  acts  feebly  on  •  - 
g]a„s$,  and  in  Li  I  t  probablybe  receded  ingiass  vea»els  over  mercury »~ 
ibid,  lUars  i  I,  ib47.  ^ 


MBTBOROLOGICAL  OBSERVATIONi  POR  MARCH  1847* 

Outwkk,- — March  1. — S.  Cloudy.  4.  Fine:  cloudy.  5>  G.  Cloudy,  7.  Slight 
ihowtn:  wiifonnly  overcast :  clear.  S.  Small  rain:  cloudy.  %  Cloudy.  lOk 
ITfiRv  •  wTcre  frost  at  night.  11.  Slight  haze:  cloudy:  frosty,  \2.  Clear, 
I.i.  (JJoudy.  H — 18.  Clear,  with  bright  sun.  1 9.  Clear:  cloudy,  20, -21.  Cloudy: 
dear.  S8.  Hazy.  'J.i,  '.'4.  Cloudy,  '25.  Fogfy :  daur :  cloudy.  20.  SKjptt 
hatet  fin^*  ^7.  Foggy:  6 »c.  28.  Uniformly  overcast :  rain.  29.  Very  c! far: 
cloudy:  frouy.  30.  Clear :  cloudy :  clear  aod  fro«ty.  31.  Frosty  :  cloudy. 
Mean  HwpwMuiaef  the  iMatb  ...^•.•.-..........m....  40^14 

Mean  tvmperfiturr  nf  IMrtrrh  IS  IG    43  *43 

Mean  temperature  of  Marcli  for  the  last  tweuij-  yeari*...  4S  *91 
Af«ns  SMOrt  <f  lain  hi  Msreh   i«96fiKli. 

BortoH. — March  1 — J.  Cloe^y*  ^  Vbm   7*  Wtm*  t  raio  early  a.  m.  :  nua  p.m. 

a.  Cloudy.     9.  Finr  •  ^now  A.M.  and  p.m.      TO.  Cloudy:  hni)  rtin!  snow  p.m.  . 
11—lS.  riaa.    14.  Cloudy.    15—18.  Fine.    19.  Fine :  a  lummoas  appearaoca 
«r«i  ma— <lMiy  wtavt  an*  fa  Ac  sky  9  fa     10^  tl.  Ooudy.    «;  Vhm. 

23.  Fine:  rain  r.M.  24,25.  Fine.  2<),  27.  Clotldy.  28.  Cloudy  :  rain  a.m.  and 
r.M.    89.  Fine :  thick  ice  thU  monung ;  JmuI  A.M.;  nun  tm.  '  30.  Fine :  hail 

ShoncTs :  clear.  4,5.  Cloudy,  S!lQ^v^:r^  clomiy.  7  Damp;  cloudy.  8. 
bhowers ;  snow -tbo wen,  9*  Soow>»liowers.  10.  Snow  :  cloudy.  11.  Showers: 
■liii  ■iB^riii.  MkONmib  It,  CkmifsAomn.  K  Bright :  dondy.  15, 
IG.  Cloudy.  17,  18.  Bright:  cloudy.  19,  20.  Bright:  clear:  aurora.  21. 
Briflbt:  dear.  8S,  Bright:  large  halo.  23.  Damp:  cloudy.  24.  Damp. 
SLVka^,  96.  Damp  :  cloudy.  87.  Ooody.  38.  Hail  Aomm;  sleel-showen. 


AppUgaHk  Manse,  DunJriei^kbm, — ll»ch  1.  Thaw:  slight  run.  S.  81i|^ 
frost :  Tery  mild.  No  frost :  gray  day.  4.  Frost,  slight.  5.  No  frost :  clear 
and  fine.  ii.  No  frost :  dull  and  cloudy.  7.  No  frost.  8.  Slight  frost:  clear. 
9.  Frost,  hard.  LO.  Frost,  hard:  sprinktinff  of  snow.  II.  Frost:  sprinkling 
of  rain  12.  Frost  api in.    l*^   F.^ir  and  moderate-  wenthrr.    14.  Fair,  but 

thrcateniiw;  change,  ii.  Fair  stiii,  but  ckmdy.  16.  Fan  .  min  r.n,  17.  Hain 
att4i^  lA.  ymf  %mi  Mr.  19.  Very  fine.  WX  lUin  :  cleared  r.M.  Sir 
Hnvy  sho'trers.  2%  Fine  :  a  few  drops  of  rain.  S3.  Rain  a.m.  :  thunder  r.M. 
94.  Frosty .  tine.  25.  Sli^t  frost.  Kaw.  27.  Very  fine :  raia  A.M.  88., 
Ocarand  cold:s%lrt«io«r.  99.  fUrtooldt  lUi^fto*  MH  PAi  a%hftft««. 
Si*  SKght  Miow  :        -  fn>st. 

M«au  temperature  of  the  mouth     Mmw«MM«.MM.«MM.  42^*5 

Mmb  %mmnuw%  of  Manh  1949 

Mean  ictTipi'mturr  nf  ^larch  for  25  JtSIS  99  '1 

Mean  nuuin.jdarch  fur  SOjaars  ••.•p,««.«m*m***.*«.<*  9r9Si 
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LiX.  On  the  Use  of  a  double  Circuil  in  the  measurement  of 
Elecirical  Forces.    By  Isaac  B.  Cooker  EsqJ^ 

[With  a  l>late.] 

A  CCORDTXG  to  the  theory  of  Ohm,  the  electric  loice 
circulating  tiirougli  tacli  p  ut  of  a  galvanic  circuit  is 
equal  to  Uie  quotient  of  Uic  sum  of  the  aifitiities  in  action 
divided  by  the  $utn  oi  tiiu  rci>istances  to  be  overcome,    'i  lwxa 

where  F  represents  Ihe  fom,  A  the  sum  of  the  affinities 
generatini^  the  current,  R  the  resisteoce  of  the  electromotor 
and  the  wires  nttached,  and  r  the  resistsnoe  of  the  wire  of  a 

galvanometer  included  in  the  circuit. 

If  a  »»ecc)!idary  wire,  who<ie  resistance  is  represented  by  io, 
have  its  ends  attached  tu  tin:  two  points  ol  connexion  between 
the  wires  of  the  electronioior  and  those  of  the  galvanometer, 
so  as  to  form  wiih  the  galvanometer-helix  a  dividctl  course  for 
tl)c  circulation  of  the  current,  the  equation  for  the  force  be- 
comes 

where 

The  magnitude  of  that  part  of  the  current  passing  through 
the  galvanometer  wire  is  expressed  by 

A  L 


G= 


*  C'omitmmcated  by  the  Author. 
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Let  one  of  the  wires  of  the  electroniotui  be  detached  from 
its  connexion  with  the  other  wires^  and  drawn  along  in  con- 
taet  vrith  the  Mcondarjr  wire,  thna  modifying  tha  relative 
length,  and  of  course^  in  the  same  proportioD}  the  rdatiYe 
resistances  of  the  two  courses  open  to  the  cnrrent^  but  leaving 
the  sum  of  the  resistances  constant.  Hie  above  equation  wiU 
become 

If  the  electromotor  be  not  very  weak»  and  the  galvanometer 
be  sensitive^  in  order  to  reduce  the  current  passing  through 

the  galvanometer  to  a  magnitude  within  the  compass  of  its 
indications,  ihe  secondary  wire  will  require  to  be  short  and 
stout,  making  the  resistance  tc  very  small,  and  consequently  L 
very  small  in  con;|iaii<nn  with  H;  F  will  then  vary  very  slightly 
by  the  relative  ciiaiiges  tims  caused  in  .»•  and  w,  and  for  prac- 
tical purposes  F,  as  well  as  r  +  w,  may  be  considered  constant; 
so  thai  we  mu^  Luke  witii  iiuic  enor 

G'=F—-—,  and  = 

or  the  quantity  of  electricity  passing  through  the  galvanometer 
wh'e  will  vary  sensibly  as  the  length  of  that  part  of  the  se» 
condary  wire  included  between  the  wires  of  the  electromotor. 

We  liave  tiius,  differing  sli'jhtly  from  methods  previously 
prujKvscd,  ft  means  of  graduating  the  galvanuiiieter.  By  the 
use  ol  two  cells  of  Daniell's  constant  battery  in  series,  this 
may  be  accomplished  with  sufficient  accuracy  by  the  above 
method.  One  battery  wirei  being  in  filed  connexion  vrith 
one  point  of  the  double  circuity  the  other  wire  mast  be  ap> 
proximated  to,  or  elongated  from,  that  point»  in  contact  with 
the  secondary  wire,  until  the  needle  of  the  galvanometer  points 
to  l^.  If  the  distance  of  the  battery  wires  be  doubled,  to  as 
to  include  a  double  resistance,  the  needle  ought  to  point  to 
2%  if  trebled  to  if,  and  so  on,  the  variations  in  F>  wliatever 
be  those  in  G  and     being  wholly  inappreciable* 

FsO.^^.  If  the  section  and  length  of  the  aaoondarj 

wire  be  [)ropcrly  proportioned  to  tliose  of  the  galvanometer 
wire,  it  will  always  be  possible,  i)y  moving  one  battery  wire 
backwards  and  lurwartls  in  contact  with  the  secoiiJai  v  wuc, 
while  the  other  battery  wire  is  iu  fixed  connexion,  as  bei'ore 
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described,  to  mnke  the  value  of  G  uniformly  constant,  the 
needle  for  exHinple  always  pointing  to  45°,  whatever  power 
of  electromotor  be  applied;  and  as  the  sum  t  -^w  cojitiiiues 
constant,  F  in  the  above  equation  wilL  then  vary  inversely 
as  w.  The  relative  force  of  different  electromotors,  however 
powerful  or  however  weak,  may  thus  be  accurately  measured 
by  the  some  delicate  galvanometer;  being  inversely  propoi^ 
tional  to  the  length  of  that  part  of  the  secondary  wire  con« 
tained  between  the  wires  of  the  electromotor;  or 

F'  w 

Moreover,  if  a  compound  constant  battery  of  three  or  lour 
pairs  be  used,  and  a  voltameter  be  introduced  between  tlie  bat* 
tery  and  the  double  circuit,  it  will  be  easy  to  find  the  value  of 
w  answering  to  a  certain  F,  which  is  also  known  in  terms  of 

the  chemical  equivalents  decomposed  in  the  voltameter  in  a 
unit  of  time.  Thus,  the  wires  beingadjusted  so  as  to  cause  the 
galvHnonieter  needle  to  point  to  45'^,  note  the  value  of  to,  viz. 
the  len^'lh  of  the  secondary  wire  contained  between  the  wires 
of  the  battery ;  note  also  the  length  of  time  required,  other 
things  being  kept  constant,  to  effect  a  certain  amount  of  de- 
composition in  the  voltameter.  The  quantity  decomposed  in 
one  minute,  deduced  from  the  above  observation  by  simple 
proportion,  is  the  F.  The  product  of  the  F  and  w  thus  ob- 
tained may  then  be  used  in  the  formula 

to  ascertain  the  value, — also  in  terms  of  chemical  equivalents, 
— of  any  other  force  F',  wiiliouL  the  lurther  use  of  the  volta- 
meter, and  whether  the  force  have  energy  sufficient  for  che- 
mical decomposition  or  not;  for  the  quantity  necessary  to 
deflect  the  galvanometer  to  a  certain  fixed  point  is  always  the 
same,  whatever  be  the  iniensity  of  the  current. 

Thus  the  same  rigorous  measurement,  in  terms  of  the 
weight  of  matter  naturally  associated  with  Hxed  quantities  of 
electricity,  may  be  applied  to  all  clcctricnl  forces,  whatever 
their  intensitv,  whicli  tlie  voltameter  hns  applied  to  those  ca- 
pable of  producing  chemical  (lecompositio!i,  and  this  by  an 
immediate  observation,  without  the  loss  of  time  requisite  for 
a  chemical  quantitative  experiment. 

Since  the  needle  of  tlie  galvanometer  is  liable  to  slight 
changes  in  the  intensity  of  its  magnetism,  the  above-determined 
values  of  F  and  o  will  from  time  to  time  require  verification. 

To  find  tlie  resistance  of  an  electromotor.   Let  ft  certain 
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length  of  wire,  of  such  section  and  conductibility  as  are  best 
fitted  for  n  stniulard  of  resistance,  nnf]  whose  known  resistance 
may  t>c  i  epre-ented  by  tlie  iiml^  being  linear  inches,  be  in- 
trodiKL'il  between  the  electroiiiulur  and  the  tlouble  circuit, 
aiiti  let  llie  wires  be  again  adjusted  so  as  to  deilecl  the  needle 
to  45%  noting  the  new  length  of  secondary  wire  included =ib^. 
The  equation  representing  the  Ibroe^  which,  previoasljto  the 

A 

introdaction  of  the  wire  4  wes  '^^  "ow  beoomes 


and  i>iuce 

F  _  w 

F  ~if' 

therefore 

R  +  L    _  w  ^ 

from  which,  substituting  for  L  and  L'  their  values  and 

ppj-^,  and  remarking  that  r+iesy'-f    the  value  of  R  is  de> 

duced  _   Iw  waf 

Excepting  in  the  case  ofveiy  weak  forces,  if  the  galvanometer 
be  sensitive,  having  a  long  helix  of  fine  wire,  both  and  ^ 
will  be  very  smail^  while  r+w  will  be  very  large.  Therefore 

the  term— —  will  have  no  practiGal  vaine;  and  unless  the 

value  oi  F  be  very  small,  R  may  be  taken  without  sensible 

CttOt  as  — — 

The  resistance  K  of  any  electromotor  which  is  constant  in 
its  action  being  thus  discovered,  any  other  resistance  may  be 
measured  bv  the  converse  process.  If  it  be  introduced  be- 
tween  die  electromotor  and  the  double  circuit  in  the  place  of 
the  standard  wire  of  the  last  paragraph,  and  the  value  of 
be  noted  as  before^  the  unknown  resislanoe  may  be  deduced 
from  the  equation 

.    R.(tt/^tt?)  ^  a/(tB^— ts) 
w  r+te 
The  second  term  of  the  latter  branch  of  the  equation  can  only 
be  required  when  F  is  very  small  or  I  very  large,  and  conae* 
qnently  u^— la  considerable. 
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Witb  the  help  of  an  additional  gelvaiiometer»  the  resistance 
of  the  helix  of  the  one  in  ordinary  use  may  be  measured  by 
the  above  process ;  and  also  the  resistance  of  the  secondary 
wire  of  the  double  circuit  may  be  estimated^  by  introducing 
as  the  /  a  piece  of  wire  having  the  same  section  and  conduct!^ 
bility  as  the  secondary  wire, — cut  off  for  instance  from  the 
same  piece.  TIhis  r  f  becomes  known,  and  mny  then  be 
used  For  the  (K  ic  ruiination  of  the  resistances  opposed  to  weaker 
forces.  II  tlie  heiix  of  the  i^'nlvanoineter  be  skiltuUy  tormed 
and  well-insuhited,  the  resistance  r  +  w  once  determined  will 
not  be  liable  to  change. 

The  sum  of  all  the  tensions  of  the  circuit,  positive  and  ne* 
ffative^  t.  «•  of  the  affinities  producing  the  current,  is  known 
nom  the  equation 

A»F(R+LV 

In  the  majority  of  cases  A=FR  will  be  a  snflicient  approxi- 
mation; or  at  least  A  =  F(R-l-w%  as  except  in  very  weak 
forces,  w  wili  be  so  small  that  u  will  not  materially  differ  from 

L  or  — —  X  VK 

r-f-w 

The  jnactical  Ibmi  which  I  have  given  to  an  instriunent  for 
the  abo?e  purposes,  and  which  I  call  the  *^  Detached  Galva- 
nometer Soidfl|» '  is  represented  in  Plate  Vll^  and  may  be  thus 
described. 

It  consists  essentially  of  four  wiresy  a,  b^c^di  the  first  three,, 
formed  of  copper,  are  one-fourth,  one-eighth,  and  one-six-  ' 
teenth  of  an  inch  in  diameter  respectively  ;  the  last,  d,  is  also 
one-axteenth  of  an  inch  in  diameter,  but  is  formed  of  plati- 
num. Each  of  them  is  exactly  eight  inches  lf>n«^,  and  they 
are  all  partially  snnk  in  grooves,  parallel  to,  and  about  one 
inch  distance  fVoni,  eacli  other,  in  a  board  eight  inches  long  of 
hard  weli-drietl  wood,  varnished  and  graduated  into  tenths  of 
an  inch,  the  lines  being  drawn  through  from  side  lo  side. 

The  lour  wires  are  juiiied  into  one  continuous  wire,  com- 
roenciDg  at  A  and  terminating  at  £,  b^  being  soldered  to  the 
connecting  pieces  A,  B,  C,  D,  E,  which  are  bored,  and  fui^ 
nlsbed  witn  screws  lo  da^  a  wire  from  any  electromotor  whose 
force  is  to  be  measured* 

The  connecting  pieces  are  of  solid  brass,  and  at  least  half 
an  inch  thicks  in  order  to  offer  no  appreciable  resistance  to  a 
current  passing  through  them  from  the  wire  of  the  electro- 
motor to  the  wire  of  the  scale. 

When  in  operation,  the  wires  li  otn  tlio  i^ralvanometer  arc 
always  to  be  attached  to  the  termiuaUug  connectlDg  pieces  A 
and  £• 
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One  wira  from  the  •lectromotor  must  be  attached  to  Ay  B»  C 

or  D,  according  to  the  magnituda  of  the  force  to  be  measured, 
aod  the  other  wire  from  the  electromotor  must  be  moved  ulong 
in  contact  with  the  wire  by  c  or  e?,  according  ac  the  firat 
wire  is  connected  with  A,  B»  C  or  D,  until  the  galvanometer 

needle  points  to  1.'^. 

F  is  a  vernier  v\i)i(:li  is  applicable  tor  this  purpose:  the 
moveable  wire  of  tlic  eieclroniotor,  beiii^^  pa^^( d  through  the 
small  hole  e  and  brouglit  up  again  by  tlie  noich  /,  will  lie  in 
the  groove  e J\  and  the  vernier  sliding  on  the  wire  of  the  scale 
the  groove  which  is  at  right  angles  ioej'f  will  enable  the 
Operator  to  read  off  the  position  of  the  moveable  wire  to 
x^^th  of  an  inch.  It  ia  raquisite  to  keep  the  wires  of  the 
scale  and  vernier  bright,  and  to  rub  them  well  with  waab* 
leather  belbre  each  time  of  nslng,  and  the  vernier  will  require 
little  pressure  to  obtain  a  correct  indication. 

The  diameter  of  wire  c  being  half  that  of  b  and  one-fourth 
that  of  a,  its  section  is  one-fourth  and  one-sixteenth  of  these 
respectively.  Consequently,  it  will  offer  to  an  electric  current 
four  times  tiie  resistance  which  is  ollered  by  an  ecjual  length 
of  ^  and  sixteen  tin:i that  offered  by  an  equal  lenjifh  a. 
The  wire  d  is  oi  the  same  diameter  as  r,  but  being  piaiiiriim 
has  a  le?s  crsuducting  power,  say  onc-fit'th,  and  will  therefore 
offer  five  times  the  resistance  ol  aii  etjual  length  of  c.  The 
ratio  of  the  resistances  of  the  wires  a,  b^  r,  r/,  liowever,  since 
.  diflerent  pieces  of  the  same  material  are  apt  to  dlAr  In  their 
conducting  poweri  and  very  slight  differences  of  dmmeter 
become  mnltiplied  into  importance  in  the  sectioa,  most  be 
determined  by  actual  experiment^  which  is  easily  done  with 
the  help  of  a  constant  battery;  and  the  product  of  F  and  « 
being  also  ascertained  by  experiment  for  one  of  the  wires, 
may  then  be  known  by  computation  for  the  others.  As  the 
length  of  d  is  graduated  on  the  board  into  eiMity  divisions, 
and  indeed  with  the  assistance  of  the  vernier  into  800,  this 
instrnmoiu  is  calculated  to  measure  a  scale  of  electric  forces, 
extending  from  its  lowest  or  unity  to  80  x  5  x  4  x  4s: 6400,  or 
with  the  vernier  througii  64,000*^. 

With  a  galvanometer  of  moderate  sensitiveness,  having  a 
helix  of  about  1000  inches  of  copper  wire  j^^dth  of  an  inch 
in  diameter,  a  foree  capable  of  deeompoaing  water  auflkient 
to  furnish  (F)  x§7jdths  of  a  oaUc  inch  of  hydrogen  gas  in  one 
minute,  required  (tv)  six  inches  of  wire  4  to  be  interpeaad 
between  its  conductins  wires  to  raise  the  index  of  the  gnlvano* 
meter  to  4i(^, making  the  product  of  F  and  w  for  this  wire  a*86. 

For  smaller  or  larger  electric  forces,  additional  instrunsenta 
with  finer  or  coarser  wires  will  be  requisite. 


\ 
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The  re  sistances  of  wires  are  to  each  other  directly  as  their 
Wngili!*,  and  inversely  as  the  products  of  their  sections  and 
conductibiUties,  If  the  wire  of  the  galvanometer  lielix  be  as 
above,  1000  inches  in  length  and  T^^dth  of  an  inch  in  dia- 
meter^  than  eight  inches  of  wire  being  of  platinum,  onfr- 
sixteenth  of  an  inch  in  diameter^  and  having,  suppose,  one-fifUi 
of  the  conducting  power  of  copper,  will  equal  in  resistance 
about  an  inch  and  a  quarter  of  the  helix  wire ;  therefore  since 

rsIOOO  and  the  greatest  Talue  of  te=:l|,  the  quantity 

cannot  in  this  instrument  be  of  any  importance  in  the  deter- 
mination ot  resistances,  and  may  always  be  safely  neglected. 
For  tlie  accurate  measurement,  with  an  instrument  having 
finer  wirei>,  ui  reaislauceai  oileied  tu  weaker  iurce^,  the  fraction 
may  be  useful. 


LX«  Phi^sical  and  Geological  Observations  on  the  prineipal 
Geytirs  of  Iceland,   By  A*  D£8Ci4)i8EAUx^t 

IN  Iceland  the  name  of  Gofsir  is  generally  given  to  a  jet- 
ting thermal  springy  and  the  names  of  hver  (caiddron)  and 
laug  (bttths)  are  applied  to  springs  simply  bubbling  up,  or 
wholly  tranquil,  contained  in  basms  almost  always  regular^ 

circular  or  elliptic. 

The  jcitiiig  springs  most  celebrated  on  account  of  their 
volume,  the  benutv  of  tlieir  erupliuiis,  nnd  tlie  importance  of 
the  deposits  which  they  have  formed  and  which  they  still  form 
at  the  present  day,  are  those  known  by  the  names  of  the  Great 
Geytvr  and  Strokkur,  Although  most  of  the  travellers  who 
have  visited  Iceland  have  described  the  eruptions  of  these 
two  springs  which  they  witnessedi  and  of  which  some  have 
published  pretty  accurate  representations,  I  will  here  relate 
the  manner  in  which  this  phcenomenon  takes  place. 

In  the  Great  Geysir,  whose  waters,  as  I  shall  observe  here- 
after, have  formed  for  themselves  a  very  regular  basin  in  the 
form  of  a  truncated  cone  hollowed  at  the  summit,  the  erup- 
tions are  preceded  by  subterraiieous  detonaiiuns,  which  have 
always  been  justly  compared  to  a  distant  sound  of  artillery, 
and  which  powerfully  shake  the  base  and  lateral  parts  of  the 
cone.  After  each  (wtonation,  the  column  of  water  which 
occupies  the  central  channel  is  upraised,  in  the  form  of  a 
hemisphere,  some  metresf  above  the  surface  of  the  basin ; 
then  all  becomes  cnlm  again. 

These  detonations  and  tliese  upliftings  of  the  liquid  mass 
are  produced  pretty  regularly  every  two  hours,  as  we  have 

•  Translated  Iroin  tbe  /Inn.  He  Cfurn.  et  de  Phift.  for  April  1847«— The 
Icelandic  orthography  has  been  preserved  io  this  memoir, 
f  Tin  Mtoe  is  wfsifsleal  to  sbout  3  ftec  3|  iaehti.— Ta. 
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aflcerlaiiied  by  a  aeries  of  obitervations  earned  on  for  several 

days,  and  consequently  they  are  far  from  announcing  a  great 
eruption ;  but  when  this  is  approaching,  detonations  '^tronnrer 
and  more  frequent  thnn  the  first  nre  heard,  the  uprisings  of 
the  central  column  become  more  ami  more  considerable,  and 
all  at  once  an  immense  culunui  of  water,  three  metres  in  dia- 
meter at  its  base,  is  projected  into  the  air  to  a  height  var^'ing 
from  thirty  to  fifty  metres,  spreads  like  a  fountain  at  its  summit^ 
and  fidls  again  in  part  into  the  larpe  reservoir,  eighteen  metres 
in  diameter^  wfatcn  forms  the  basm  of  the  spring ;  the  rest  of 
the  mass  of  water  flows  over  the  external  sides  of  the  conc^ 
and  spreads  out  into  the  little  rills  which  forrow  the  plateau 
on  which  this  cone  rests.  The  column  of  water  does  not 
generally  attain  its  greatest  height  until  several  consecutive 
jets  at  very  short  intervals  have  prepared  the  observer  for  the 
magnificent  spectacle  which  the  Geysir  reserves  for  the  close 
of  tlie  eruption,  like  a  skilful  li rework-maker  who  terminates 
his  exhibition  by  a  splendid  bouquet.  The.se  eruptious  lost 
from  five  to  seven  minutes. 

In  the  Strokkur,  the  circumstances  attend  I  ng  ilie  eruption 
are  a  little  iliileieut,  and  the  iorni  of  llie  channel  which  dis* 
charges  the  emitted  waters  is  doubtless  the  principal  cause 
which  ffives  the  phenomenon  a  peculiar  character.  In  this 
channeH  which  represents  a  well  even  with  the  gronnd^  the 
water  is  at  about  three  metres  below  the  surfiioe^  and  it  boiU 
up  with  incessant  oscillation.  When  it  is  attempted  to  produce 
an  artificial  eruption  by  covering  the  surface  of  the  water 
with  clods  of  earth  or  turf,  or  when  a  natural  eruption  ia 
about  to  take  place,  this  boiling  censes  tor  some  instants, 
and  a  pointed,  lanceolate  jet  issues  suddenly  to  a  certain 
height;  it  is  soon  followed  by  another,  %vhich  is  in  its  turn 
succeeded  by  a  series  ot  slender  columns,  very  pointed  at  the 
summit,  with  serrated  outliiics,  which  cannot  be  better  com- 
pared than  to  immense  yew-trees.  These  ct>lumns,  which 
succeed  one  another  sometimes  for  twelve  to  fifteen  minutes, 
attain  various  heights^  which  reach,  as  in  the  Geysir,  to  fifty 
metres.  When  tne  eruptions  of  the  Strokkor  lake  place 
naturallji  the  jetting  water  is  quite  as  limpid  as  that  of  the 
Geysir;  and,  if  the  weather  is  calm  and  the  sun  bright,  no- 
thing can  exceed  the  mf^ificence  of  these  immense  columns 
of  dear  water,  perfectly  vertical,  and  reflecting  the  brilliant 
colours  of  the  rainbow.  If  however  the  Strokkur  is  excited 
by  clods  of  earth  or  turf,  the  water  is  coloured  black,  often 
of  a  \  L  i  y  deep  tinge,  and  the  pha^nomcnon  loses  much  of  its 
splendour. 

Before  passing  to  the  results  of  the  thermomctric  experi- 
ments and  the  various  observations  made  at  the  Geysir  and 
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the  Strokkur,  I  shall  describe  in  n  summary  manner  the  topo- 
graphical and  geological  position  ot  these  two  springs,  for  the 
geological  portion  of  the  Vonnr^r  en  hlande  of  the  Scientific 
Cotnini^::>ioii  ui  the  Nurtii  contains  extensive  details  upon 
this  subject. 

The  Iwo  principdi  ^ysirs  of  leeltiid  are  dtiiatad  in  the 
flottth-eest  part  of  the  i8latid»  at  eighty-aeren  kilometre^  in  a 
strai^t  Itnc^  to  the  east-north-east  of  Reykjavik^  and  at  forty- 
six  kilometres  to  the  north-west  of  Hecla«  These  fonntainsi 
aooompanied  by  a  great  nnmber  of  hvcrs  and  laugs^  occnpy  a 
space  of  500  metres  from  north  to  south,  by  100  metres  from 
east  to  west,  towards  the  northern  part  of  a  large  plateau  of 
volcanic  tufa,  bordered  on  three  sides  by  large  glaciers  or 
Jo/culls,  the  principal  of  which  are, — on  the  north,  the  Ljuig- 
Jokull;  on  the  north-east,  ihu  ilofs-Jokull  and  the  Art)arrells- 
JokuU ;  on  tlie  ea^t,  the  Skuptar-JokuU  j  uu  the  suuih,  Hecla 
and  the  Torla^JokiilL 

Thk  vast  philflaD  is  travetaed^  from  nortb-east  to  soutfa- 
waat,  by  two  of  the  lamst  rivers  in  loeland,  the  Htitii  and 
the  Thjorsa,  and  by  their  numerous  tribataries:  these  two 
principal  rivers,  which  take  tlieir  sources,  the  first  in  the 
snows  of  the  Lang-Jokull,  and  the  second  at  the  foot  of  the 
Amarfells-Jokull,  flow  into  the  sea  at  the  south-west  part  of 
the  plaicau,  whlcli  i*^  tci  inii. ;Ued  on  this  side  bv  low  sandy 
shorci^  At  intuu.t  oiL^  points  <)!  tli'j  plateau  containing  the  ge}'- 
sirs,  rise  inoutitaiiib  vvlucii  liave  in  many  instances  the  form  of 
isolated  cone^i,  composed  of  a  conglomerate,  tlic  chief  con- 
stituent of  which  is  basalt  and  a  brown  tufa,  the  principal 
element  of  which  appears  to  be  the  mineral  which  Sartonus 
voo  Wallershansen  fennd  in  the  ancient  tofiw  of  EUim^  and 
which  he  has  named  palagomU,  The  height  of  these  moon* 
tains,  several  of  which  have  preserved  tlie  appearance  of 
craters  of  eruption,  and  still  present,  on  their  slopes  or  at 
their  base,  debris  of  streams  of  lava,  does  not  exceed  ^00  to 
600  metres. 

Ik^-^idc  these  cones,  we  meet  with  some  hillocks  of  a  gray 
phoni>liie,  inclosing  numerous  crystals  ol"  felspar,  and  very 
small  crystals  of  pyroxene:  sonic  strips  of  ancient  trap  or 
compact  basalt,  often  divided  into  columns,  appear  also  at  the 
snrface  of  the  plateao ;  and  a  aort  of  vitreons  pilchstone^  both 
men  and  reddish,  which  appears  to  have  reanlted  from  the 
nision  of  the  phonolite  bv  tne  basalt,  is  ordinarily  seen  in 
contact  with  tliese  two  rocks. 

The  hill  nearest  to  the  geysirs,  from  which  it  is  distant 
only  about  360  metres,  to  the  west,  consists  of  upheaved 
and  almost  vertical  strata  of  a  bluish  gra^  phonolitey  much 
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disintep'Hted  on  the  lower  part,  where  it  presents  numerous 
traces  of  liaviiiL'  luen  acteti  upon  and  undergone  n  slightflltera- 
tion  l)v  tlie  thenniil  waters,  but  it  is  tenacious  and  tolerably 
homogeneous  towards  the  summit.  The  hcij^^lit  above  the 
plain  of  this  hill,  which  has  the  name  oi  l.augaljail,  may  be 
«ttiniatod  at  seventy-five  metres.  From  the  foot  of  iu  eastern 
flscarpmentt  an  unddating  diitrict  extends  for  a  lai^gth  of 
abont  S50  metres,  entirely  competed  of  ancient  silicooua  god- 
cretinns,  si  igh  tly  altered  and  friablei  This  district,  the  highest 
hiils  of  which  rise  to  nearly  twenty-five  to  thirty  m^trei^ 
elevation  above  the  plnin,  is  pierced  with  a  multitude  of  holes, 
Worn  which  stenin  and  the  vapour  of  sulplinretted  hydrogen 
still  escape;  small  quantities  ol'alum  and  sulfiimr  are  deposited 
on  the  edjHfes  oi  some  ol  these  holes,  one  ot  which  is  situated 
uL  ihe  vt'iy  loot  ol  the  truchytic  hill. 

The  existence  of  an  ancient  siliceous  district,  so  extensive 
as  thai  which  I  have  just  mentioned,  certainly  appears  attri* 
bntable  to  numerous  extinct  gejsirs,  the  abundant  deposits 
of  which  have  at  length  completely  itopped  the  orifices  from 
which  tlicir  eruptions  took  place.  The  lower  part  of  this 
ancient  district  is  separated  from  the  deposits  of  the  present 
Grrat  Gevsir  by  a  ^mall  ravine  ot  two  metres  in  deptfi,  situ- 
ated :U  U'li  niLiit  s  ti  om  the  basin  of  the  geysir,  and  (hrected 
nearly  Iiodi  south  id  north.  The  sidi  s  of"  tliis  ravine,  Irom 
whence  acid  vapours  arc  also  disengaged  at  several  points, 
discloses  both  in  the  ancient  and  modern  formation,  numerous 
layers  of  siliceous  concretions  of  a  very  varied  aspect^  distri- 
buted in  the  midst  of  a  bolary  clay  in  which  the  red  odour 
predominates. 

On  the  right  side  which  bounds  the  deposits  of  the  present 

geysir,  and  in  a  very  plastic  clay,  we  meet  with  small  stems  of 
birch'trees,  of  the  size  oi  those  which  still  i^row  in  the  country, 
entirely  silicified  and  converted  into  chalcedony ;  the  clay  itself 
is  lull  of  small  ci  vsials  uf  white  pyrites,  formed  from  tiic  iron 
which  it  contaiiis  and  of  liie  buiphur  of  the  va))our  springs. 
Above  the  chalcedonous  stems,  and  approaching  the  most 
recent  strata  of  concretions,  we  now  only  find  birdi-leaves 
and  a  network  of  herbaceous  plants,  forming  a  sort  of  siliceous 
travertine.  In  this  same  part,  and  always  in  the  middle  of  a 
reddish  clay,  I  have  observed  a  thin,  very  regular,  and  exten* 
'  sive  layer  of  zoned  chalcedony;  this  substance,  which  is  trans- 
Jucid  as  long  as  it  remains  imuiersed  in  the  moist  clay,  becomes 
opake  and  cjf  an  enamel  white  by  a  simple  desiccation  in  the 
open  air,  wuliuut  being  able  to  re-ocquire  its  transparency, 
even  on  a  prolonged  immersion. 

The  banks  of  the  little  river  tlic  Beina,  which  flows  at  300 
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metres  to  the  east  of  the  Geysir,  and  into  which  a  part  of  the 
water  that  overflows  after  each  eruption  run,  present  a  fact  of 

ibe  «f^me  kind:  in  the  inid^t  of  a  network  of  silirificil  plants 
forniini::  several  layers,  llie  total  thickness  of  v,  hicli  exceeds 
three  metres,  we  lound  small  portions  t)f  silex,  wliicli  pos- 
sessed all  the  properties  of  precious  opal,  as  long  as  tli«.>y  nre 
strongly  hydrated,  but  which  only  preserve  their  vivid  colom  s 
while  they  remain  immersed  in  water,  or  are  kept  from  drying. 
May  we  not  hence  conclude  that  the  opals  and  chalcedonies 
of  some  ancient  volcanic  districts  owe  their  orighi  to  pheno- 
mena similar  to  those  of  the  present  geysirs  of  Iceland  ? 

The  left  side  of  the  small  ravine  spoken  of  above,  which 
bounds  the  deposits  of  tlie  ancient  extinct  treysirs,  did  not 
present  chalcedonous  wood,  but  we  extracted  from  il  birch 
stems  transformed  into  very  friable  white  silica,  which  ap- 
peared to  have  been  derived  from  individuals  larger  tlian 
those  we  meet  with  at  the  present  day  in  Iceland.  8oaie  spe- 
cimens of  these  woods,  in  which  the  cells  and  vessels  may  still 
be  observed  under  the  microscope,  are  penetrated  in  various 
directions  with  small  roots  which  appear  to  belong  to  the 
same  species;  we  might  without  doubt  thence  conclude  that  the 
large  stems  were  ali^eady  in  a  state  of  advanced  decomposition 
when  the  silica  cnme  and  penetrated  into  their  tissue, — a  cir- 
cumstance wind)  would  perhaps  explain  the  reason  why  lliese 
woods  have  not  been  converted  into  chalcedony,  but  into  pul- 
veruleru  silica. 

it  IS  at  all  events  cerium  ihuL  a  birch-wood  once  existed 
between  the  ancient  and  recent  geysirs ;  and,  as  tliese  trees 
cannot  live  where  the  soil  is  covered  with  siliceous  concre* 
tions,  it  must  he  admitted  that  these  two  classes  of  Ibuntains 
did  not  exist  simultaneously,  and  tliat  the  recent  geysirs  suc- 
ceeded the  primitive  geysirs,  when  tlie  orifices  of  these  last 
became  insufficient  to  give  a  passage  to  the  masses  of  water 
which  had  to  i)e  cast  forth*. 

With  respect  to  the  duration  of  the  ancient  phanom  lu^ 
the  depth  of  twenty- five  metres  at  least  of  the  soil  whicli  ilicy 
have  formed,  shows  that  it  must  have  been  very  considerable. 
In  fact,  the  concretions  deposited  by  the  present  geysirs  have 
not  yet  exceeded  a  thickness  of  four  to  nve  metres ;  and  all 
seems  to  prove  that,  witliio  the  historical  period  of  Iceland, 
the  increase  of  this  thickness,  which  is  distributed  over  an  ex- 
tended surface,  has  been  very  small,  so  that  we  must  attribute 
a  very  high  antiquity  to  the  recent  geysirs  tberoselvesf. 

*  A  very  detailed  description  of  the  districts  formed  by  the  ancient  and 

recent  geysirs  bus  been  given  by  M.  Robert  in  tbe  geological  part  of  the 

Voyage  of  the  Nortlicrn  Scic-titific  Coinitiission  to  K  rlniul. 
t  As  it  is  uliuobt  impoabiblc,  m  order  to  prove  liiu  tUickaeftii  of  Uepo»its 
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The  two  jetting  springs,  the  temperatures  of  which  I  have 
principally  sought  to  dttet  n>ifie  during  my  stay  in  that  locality 
wiih  M,  Bunsen  of  Marburg,  are  the  Great  Geysir  and  the 
Strokkur.   I  shall  first  direct  mv  remarks  to  the  Great  Gevsir. 

The  only  observations  of  any  accuracy  which  we  hitherto 
possessed  on  the  temperature  ot  this  spring  are  those  of 
M.  Lottin^  a  member  of  the  Northern  Scientific  Commis* 
sion,  who  visited  Iceland  in  1836;  bat  these  obBervationa  left 
much  still  to  be  desired,  both  from  the  method  itself  which 
M.  Lottin  followed,  and  from  the  experiments  not  having 
been  snflicietitly  repeated  to  embrace  the  various  phases  of 
the  moments  ol'  calm  and  of  eruptions  of  the  geysir.  The 
determinations  which  M.  Bunsen  ant!  I  have  tnnde  were  taken 
immediately  before  a  great  eruption,  immediately  after  that 
eruption,  and  in  the  interval  of  two  great  consecutive  erup- 
tions. The  thermometers  whicli  1  employed  were  double- 
bulbed,  and  constructed  by  Bunten  after  the  directions  of  M. 
Regnaolt* :  tliey  were  composed  of  a  small  cylindrical  reser- 
voir, surmounted  by  u  stem  of  accurate  calibre,  and  divided 
into  parts  of  equal  capacity;  this  stem  ended  in  a  finely  drawn- 
out  point  terminating  almost  at  the  summit  of  a  small  cap  of 
thin  glass,  soldered  to  the  top  of  the  stem,  at  the  part  where 
its  din  meter  began  to  diminish,  and  containing  a  small  excess 
of  merciij  y. 

In  taking  oljservntions  with  these  thermometers,  the  stem 
was  entirely  filled  with  mercury,  at  the  ambient  temperalure; 
it  was  then  immersed,  by  the  side  of  a  good  standard,  in  a 
bath,  the  temperature  of  which  was  nearly  constant,  and  lower 
than  that  which  was  to  be  observed :  a  portion  of  the  mercury 
of  the  stem  was  raised  into  the  small  upper  bulb.  When  the 
mercury  was  stationary  and  occupied  exactly  the  extremity  of 
the  small  drawn-out  point,  the  temperature  of  the  standard 

formed  in  a  given  time,  to  establish  at  the  Ge3'sir  itself  a  fixed  mark  capable 
of  resisting  the  ignorant  curiosity  of  certain  visitors,  I  cndeavcurerl  to  coiv 
struct  one  easy  to  be  recognised  only  by  the  forewarned  and  attentive  eye. 
For  this  pur|)Ose,  I  chose  two  contiguous  lau^t^  situated  at  nearly  an  equal 
distance  from  the  Strukkurand  the  Geysir,  procccdiiii:  towards  tncLaugaf- 
jttll :  the  most  ndrthcrn  Imirj^  without  npjjarciit  ovcrHmv,  h  rontaincd  in  a 
nearly  elliptical  basin,  the  major  axis  of  wiiich  is  &cvcu  metres,  the  minor 
one  3<n'40,  and  the  depth  z""  .')') the  temperature  at  the  surface  was 
foiinJ  to  be  98'^*5.  The  second  laiis,  separated  only  from  the  firht  by  a 
small  natural  wall,  has  a  more  irregiuar  basin,  of  a  depth  of  9">-30,and  ihc 
water  of  which,  indicating  a  temperature  of  9G'''5,  flows  off  inccs^ntly  by 
a  small  rivulet  which  passeii  near  the  Strokkur,  depositing  on  itswayabttn- 
dant  incrustations.  In  tlie  nnrrowcst  piirt  oft  lie  wall  wlii'  Ji  oparntcs  these 
two  laugs  I  made  au  aperture,  the  successive  obliteration  ol  which  it  will 
alwa}'s  be  easy  to  a9cert&in.  The  following  were  the  dimen^nsof  this 
aperture  on  July  12th,  1846:— Depth  O'^  OGri;  length,  from  east  to  west, 
0«n-2nOi  breadth,  from  north  to  south,  O^-llO. 
•  See  Scientific  Memoirs,  Part  XVi.  p.  588- 
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was  noted ;  the  ihermometer,  inclosed  in  a  copper  or  iron  case, 
the  lid  of  which  was  henneticallv  cldbcd  by  means  of  a  screw 

* 

and  reil-lead  cement,  was  let  .down  into  the  spring ;  after 
remaininif  llit^re  thirty  minutes,  it  was  raised  and  compared 
a^^ain  witii  the  standanl ;  the  mercury  stopped  at  a  certain 
division  of  the  stenif  and  the  quantity  of  mercury  which  had 
eicaped  from  the  stem  during  the  observation}  converted  into 
centigrade  degrees  and  added  to  the  first  temperature  indi- 
cated by  the  standard,  gave  the  temperature  of  the  spring. 
The  thermometers  employed  by  M.  Bunsen  were  constructed 
upon  the  same  principle;  only  that,  insteail  of  a  capsule  sol- 
dei(j(l  tu  the  upper  part  of  the  stem,  the  capillary  opening  of 
the  latter  was  closed  by  a  small  point  of  iron,  kept  vertical  by 
means  of  a  spring,  which  the  mercury  could  raise,  su  us  to  lull 
over  into  the  case. 

In  each  of  the  five  experiments  which  we  made  at  the 
Great  Oeysir»  we  employed  five  thermometers  arrange  on  a 
single  linCy  and  separated  by  nearly  equal  intervals. 

it  is  known  that  the  Great  Geysir  has  formed  by  successive 
incrustations  a  very  regular  basin,  having  the  shape  of  a  trun- 
cated cone,  the  exterior  slopes  of  which  have  a  mean  inclina- 
tion of  8*^,  whose  simimit  is  occupied  by  a  cup  or  vase*,  pre- 
senting only  on  the  edges  some  small  clefts  through  which  is 
carried  the  overflow  of  the  water,  when  its  level  riiies.  The 
mean  inclination  of  tiie  bides  oi  tins  cup  is  IJ^ 

In  the  centre  of  the  basin  is  a  circular  well^  which  appears 
perfectly  regular  as  (ar  as  the  eye  can  discern*  Between  two 
consecutive  eruptions,  this  well  and  the  cup  which  surrounds  it 
are  completely  filled  with  water,  a  very  small  portion  only  of 
which  overflows  after  the  upheavings,  which  take  place  about 
every  hour  and  half :  but  immediately  after  the  great  erup- 
tions, the  cup  is  completely  empty,  and  in  the  well  the  water 
descends  below  the  bottom  of  the  cup  from  one  metre  to 
S^'SO,  according  as  the  projected  column  had  attained  a 
greater  or  less  height;  the  former  level  is  not  restored  until 
after  six  or  seven  hours. 

The  followinpp  are  the  principal  dimensions  which  we  have 
found  for  the  diflferent  parts  of  the  Greysir:^ 

Diameter  of  the  basin  or  cup,  on  the  edges,  from  ^ 

nortli  to  south    16*00 

Diameter  of  the  basin  or  cup,  in  a  pei  pendicular 

direction   IS'OO 

Diameter  of  the  central  well   3*00 

•  Sir  W.  .J  Hooker  thus  describes  it: — **To  compare  great  things  with 
small,  the  shape  of  this  ba»in  resembles  that  of  a  saucer  with  a  circular  hole 
in  its  ndddle.^  Tour  in  IceUmd,  p.  1 17.— Ts. 
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Depth  of  the  well,  incluclinp^  iliat  of  the  basin:-—  m 

1.  In  the  (lirecLioii  of  ihe  tirsl  di^LiiK  lcr    .    .    .  25*50 

2.  Ill  the  direction  of  the  secon(i  (iuinieter    .    .  21*50 

Depth  of  the  cup  in  the  centre  1*57 

As  we  took  care,  in  each  experimenty  to  alter  the  order  of 

our  thermometen,  tliat  their  indications  might  be  checked,  I 
ahall  indicate  by  numbers  and  by  tlie  letter  B  those  of  M* 
Bunsen,  and  by  the  letter  D  those  which  belonged  to  me. 

It  will  be  conceived  iliat  the  temperature  at  the  surface  of 
the  water  which  fills  the  basin  must  be  excessively  vnriable  j 
for  that  temperature  depeiuls  at  tlie  same  time  on  tlie  tempe- 
rature of  the  sides  of  the  l)nsin,  on  that  of  the  air,  on  the  force 
and  direction  of  the  wiiid,  and  on  the  h^gruuielric  state  of 
the  atmosphere,  which  allows  ot  a  more  or  less  speedy  evapo> 
ration.  This  is  the  reason  why  the  numbers  given  by  ditttsr* 
ent  travellers^  for  the  temperature  of  the  water  on  the  edge  of 
the  basin,  agree  so  little ;  we  ourselves  made  a  series  of  ob» 
servations,  the  terms  of  which  differ  considerably  among  them* 
selves.   They  are  as  follow : — 

Ttaap.  *t  the  margin . 

1H40.  h  m 

Srd  July,  at  10  SO  a.m.  ;  basin  filled 
8r(i  July,  at  10  58  a.m.  ;  Id, 


3rd  July,  at  11  30  A.M. ;  L/, 
3rd  .Inly,  nt  S  25  p.m.;  Id. 
4th  July,  at  I'J  35  P.M.;  Id. 
4th  July,  at  1  17  P.M.;  Id, 


86*0  centigrade* 

890 

88-  0 

89-  7 
760 
85-0 


9th  July,  at  t  50  P.M. ;  basin  half-full  88*5  in  the  wind* 
9th  July,  at  I  50  p.m.;  Id.    ...   86*0  under  the  wind. 

We  will  admit  that  the  mean  temperature  of  the  water  at 
the  surface  and  in  the  centre  of  the  basin  is  86^  C. 

The  followiufr  table  indicates  the  temperatures  found  in 
different  points  of  the  liquid  column,  immediately  belbre  a 
great  eruption : — 


Third  Experiment 
Tlic  7t1i  Julv,  at  2^        in  tl.o  after- 
uoon :  four  hours  before  a  great 
•niptioii.  BMlnflUed:  total  depth, 
23'^-50 ;  leiigtli  of  the  Une,  22"*-85. 


Fourth  Erperintent, 
Tlie  7th  July,  ai  6''        in  llu'  afior- 
noon :  ten  minritrs  before  a  great 
eruutitm.  Batin  filled :  total  depth, 
23'^-50 ;  length  of  the  line,  22'"-85. 


8.'i0 

Therm.  No.  1 .  D    83-2 

Therm.  No.  2.  W   lOG-4 

Thenn.  N...     I>   12«N 

Tlierm.  No.  ti,  1)   123-0 

Therm.  No.  1,B   127-5 

Mean  temperature  of  the  co 
water,  108*-53. 


[Heights. 

22-85 

19  .•).') 

n-;:. 

9-8ij 
5-00 
0  7,0 
Bottom, 
umn  of 


If  eights 
m 

22-85 
19-55 
14-75 

9-85 
5-00 
0-30 
Bottom. 

Meaa  temperature  uf  die  column  of 
water,  lOa'-lO. 


85-0 

Tlierra.  No.  5,  I)    84-7 

TiiLiiu.No.  1.  B   nn-0 

Therm.  No.  0,  D   121-8 

Therm.  No.  1 ,  D  without  muU 
Therm.  No.  2,  U   
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The  mean  temperature  of  the  column  of  water  was  ob- 
tained by  multiplying  half  the  sum  of  the  uidications  of  two 
consecutive  thermometers,  by  the  iiuervAl  which  separates 
them,  and  dividing  tiie  sum  uF  all  these  pruciucts  by  the  sura 
of  the  intervals,  or  the  length  of  the  line. 

Twelve  minutes  after  the  fourth  experiiueoty  at  7^  40*  in 
the  evening,  the  great  eruption  took  place. 

The  following  are  the  results  of  the  tifth  experiment  com* 
menced  the  7th  July,  at  9^  45"^  in  the  evening,  two  hours  after 
the  great  eruption;  basin  half-filled:  height  of  the  liquid 
columDf  S^'*>*75 ;  length  of  the  line,  22<»-50.  HcigUtt, 

85*0  22*50 
.  1030  13*50 
•  121  0  9  70 

.   lost  4-90 
.  122-5  0-30 
Bottom. 

Mean  temperature  of  the  cohunn  of  water  108°'83. 

The  three  preceding  tables  show,  in  an  evident  manner, 
that  the  mean  temperature  of  the  cohunn  of  water  which  fills 
the  central  wtU  oi  the  Great  Gey  sir,  remaining  in  ulhcr  re- 
spects constant,  the  distribution  of  tJie  temperature,  in  dif^ 
ferent  points  of  that  column*  varies  with  the  moment  when 
the  observation  was  made.  We  see,  on  examining  these 
tables,  that  there  is  at  the  bottom  of  the  well  a  maximum,  im- 
mediately before  the  eruptions,  which  may  be  estimated  at 
127^;  and  a  minimum,  immediately  after,  which  may  be  esti- 
mated at  123°.  ^ 

The  results  given  in  the  two  followintr  tables,  obtained  at 
diflerent  periods  between  two  consecutive  eruptions,  show 
that  the  pha^noaienon  always  parses  in  the  same  uianuer,  and 
with  tolerable  regularity:— 


Thermometer  No.  1,  D 
Thermometer  No.  3,  D 

Thermometer  No.  5,  D 
Thermometer  No.  6,  D 


Firat  Erjterim  mf. 

The  6th  July,  Mt  0»  30"  ia  the  morn- 
ingt  three  hours  «ft«ragreit  erup- 
tion, and  eleven  hours  liofnrc  tiic 
f(  il  lo  w  iug  eruptiou.  Basia  h«lf«fuU : 
height  df  the  liqddcoliunn,  231^5. 

Second  Erp^imenf. 

The  6th  July,  at  B*^  20"'  in  the  iii4Mn- 
■♦wgT  nine  hotm  after  »  great  erup- 
tion, and  twenty-t!irec  hours  Itcforc 
tUefoUowing  eruption.  Ila&in  filled : 
height  or  the  eolQmn»  23^*50; 
iMiith  of  tfa«  line,  22^*65. 

850 

Tberm.  No.  5,  D  ...  O.VO 

Thprm.  No.  3,  D   109-0 

No  result. 

Thenn.  No.  2,  B  ...    121  1 
Thcrni.  .No.  1,  W  121-6 
1  Curresponding  number 

1 

Meau  temperature  of  the  &> 
1            mter,  lia*'S8. 

Heights, 
m 

22-50 
19-70 
16.30 
12-90 
9-50 
6-00 

0^ 

ItoTtom. 
iumn  of 

85-0 

Therm.  No.  6,  D            82  6 

Therm.  No.  T),  D  , . ,  85-8 

Thcrra.  No.  2,  B   113  0 

Therm.  No.  3,  D   122-7 

Them.  Mo.  1,  B   123  6 

Mean  temperature  of  the  col 
watw,  102**9(K 

Heights. 

TTl 

22Bj 
19-20 
14-40 
9*60 
4-80 
0-30 
Bottom. 

umn  of 
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Thus,  iiotwithstanciin^  the  relative  lightness  ol  the  most 
heated  water,  which  tends  to  rise  to  tlie  surface,  we  see  that, 
even  after  tlie  eruptions,  the  temperature  of  the  different  strata 
does  not  become  eijuahzed  ;  still  iurtlier,  in  propot  liuii  as  the 
inferior  strata  become  heated,  to  reach  their  maximum,  the 
upper  strata  beeome  cool,  ondoubtadlj  in  oonaeqiMiice  of 
evaporation^  and  of  the  heat  communicated  to  the  sideB  of  the 
well  and  the  ba^ ;  so  that  the  greatest  di£Eerenoe  of  tempera- 
ture at  the  two  extreme  levels  conesponds  precisely  to  the 
moment  of  the  eruptions. 

Wecan  nou'  ascertain  what  would  be  the  boiling-point  of 
water  submitted  to  a  pressure  equal  to  that  of  the  atmosphere, 
augmented  hv  the  liquid  column  the  height  and  mean  tem- 
perature of  \\  Ii  kIi  we  have  determined  in  our  five  experiments. 
For  tlii^  })ur{io^e,  we  must  first  express  the  pressure  uf  this 
liquid  cuhiHiii  m  millimetres  of  im  rcury  at  0  .  The  dtiiaiiy 
oi  the  water  ol  liie  Geysn,  iuuiid  ai  iroui  10010  to  10  cen- 
tigrade; the  curve  which  represents  the  results  obtained  hy 
M.  Isidore  Pierre  for  the  dilatation  of  distilled  water»  and 
which  I  admit  as  being  applicable  to  the  water  of  the  Oeysir, 
eittending  it  up  to  113**;  lastly,  the  density  of  the  mercury 
at  0%  compared  to  that  of  distilled  water  at  4°,  and  found  at 
13*596  by  M.  Regnault,  enables  us  to  make  this  reductioo. 
We  thus  find  that  the  heights  of  the  columns  of  water  in  our 
ditierent  experiments  correspond^  in  millimetres  of  mercury  at 
0%  to  the  following  numbers 

m 

Third  and  fourth  experiment  •   .  1*645 

Fifth  experiment  1*59S 

First  experiment  ••••••  1*587 

Second  experiment  1*654 

From  the  equations 

loge=a— 100'', 

and  from  the  data 

log  a=^-9977641,    log  5=0*4692291,  tfaB5*8«67890, 

laid  down  by  M.  Regnault,  in  which  e  represents  the  tension 
of  steam  at  saturation,  expressed  in  millimetres  ol  mercury, 
and  .r  the  temperature  to  which  that  pressure  corresponds, 
\vc  can  derive  the  value  of  a.  and  of  /;  and  this  last  quantity 
will  precisely  represent  the  boiling-point  of  water  submitted 
to  the  pressures 

0*760  + 1°»*6 15,  0*760+ 1"»*593, 

0'  7 00 H- 1'"-587,  0  700  X  1^-654. 
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The  corresponding  values  of  /  are  as  follow ; — 

Third  and  fourth  experiment  •   •   ,  /aslS6***151 
Maximum  temperature  at  the  bottom  127 

Difierence    .   •  S^^Hsi 

Fifih  experiment  396 

Minimum  temperature  at  the  bottom  12g^'5 

Difference    .   .  l«°-898 

First  experiment  is:  135  -31 

Temperature  at  the  botioin     .    ,   ,       ^2  -5 

Uiiiereuce    •    •         12  'bl 

Second  experiment  136^*28 

Temperature  at  the  bottom    «   .   .  Ig3°*60 

Di^rence    •   .  1S''*68 

Thus,  at  the  point  to  which  the  lower  thermometer  can 
penetrate,  the  water  does  not  attain  the  temperature  of  ebulli- 
tion which  it  should  have  under  the  pressure  to  which  it  is 

subjected  ;  but  it  approaches  that  temperature  in  proportion 
as  a  n^reat  eruption  is  near.  We  may  thence  conclude  that 
the  centre  of  heat  which  raises  the  temperature  of  the  water 
of  the  Geysir  i^^  sitimted  at  a  certain  distance  below  the  pre- 
sumed buitonj  ot  ilic  central  well,  and  we  may  deduce  from 
this  a  plausible  explanation  of  the  manner  in  which  the  erup- 
tions are  determined. 

t«t  us  in  fact  suppose  that  the  column  of  water  in  the  cen- 
tral basin  communicates,  by  a  Ions  and  sinuous  channel,  with 
the  space,  be  it  what  it  may,  whiSi  receives  the  direct  action 
of  the  snbterranenn  heat :  after  an  eruption  durinpr  vvhicli  a 
projccLion  of  a  great  quantity  of  water  and  vapour  has  taken 
place,  the  lower  parts  of  the  licjuid  mass  are  cooled,  and  the 
steafii  which  is  formed  in  the  rebLr\  oir  submitfecl  to  the  action 
of  the  heal  imi,  a  less  tension  than  that  at  which  the  weight  of 
the  central  column  and  that  of  the  atmosphere  are  in  equili- 
brium ;  thb  vapour,  as  it  forms,  becomes  condensed  in  con- 
tact with  the  water  which  fills  the  sinuous  channel,  and  it  im- 
parts to  that  water  its  latent  heat.  The  increase  of  tempera- 
ture of  the  water  df  the  channel  is  transmitted  by  degrees  to  the 
lower  part  of  the  central  column  wliere  the  thermometer 
can  reach;  Init  this  increase  is  retarded  by  the  atmospheric 
air  and  the  other  gases  which  accompany  the  vapour ;  how- 
ever, at  the  lapse  of  a  shorter  or  longer  time,  the  water  of  the 
channel  mubt  boil,  and  ihcsLcum  which  continues  to  form  can- 
not longer  ecmdense  there;  thb  vapour  must  thmlbre  aecu* 
tnulate^  and  acquire  a  gradually  increasing  tension,  until  this 
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tension  is  able  to  overcome  the  resistance  of  the  column  of 
water  wliicli  fills  the  bnsiu,  and  to  project  it  into  the  an , 

A  thermometer  placed  at  four  metres  above  the  hoitcnn  of 
tbecential  well  during  an  eruption  wiiich  took  place  July  14, 
184G,  at  3^'  15"^  in  the  mornings  and  which  raised  the  column 
of  water  to  49*^*879  according  to  a  measurement  taken  by  M* 
Waltershauaen,  indicated  a  temperature  of  124^*84^  which 
corresponds  perfectly  to  what  would  have  been  found  at  the 
same  point  in  the  third  and  fourth  experiments. 

In  the  ititervals  of  the  great  eruptions  it  often  happens  that 
the  column  of  water  is  raised  to  one  metre,  or  1"'50  above  the 
usual  level,  and  it  is  easy  to  conceive  that  it  must  be  thus ;  for, 
it  the  vapour  formed  in  the  subterranean  reservoir  is  noi  con- 
densed entirely  at  its  contact  with  the  water  of  the  sinuous 
clianuel  of  which  1  have  spoken,  and  if  it  is  accompanied  with  a 
sufficient  quantity  of  atmospheric  air»  or  of  other  gases»  it  must 
in  the  end  divide  the  hquid  column,  and  escspe  at  the  sur- 
face,  producing  those  subterranean  detonations  and  those  jets 
which  all  travellers  have  remarked*  A  fact  worthy  of  atten- 
tion is,  that  these  detonations  appear  to  be  produced  periodi- 
cally with  sufficient  regularity ;  whereas  the  great  eruptions 
only  take  place  at  quite  unequal  intervals,  as  is  shown  by 
the  loiluwing  table  of  a  series  of  observations  which  we  con- 
tinued lor  several  days.  This  difference  might  be  explauied 
by  admitting  tiiat  the  production  of  vapour  is  not  periectly 
regtdar.  In  the  following  table,  the  three  columns  indicate 
the  date  of  the  observations,  the  hours  when  the  detonations 
or  jets  took  place,  and  those  when  great  eruptions  were  pro- 
duced : — 


Date*  of  the 
ObMmtiow. 

Explosion* 
ant)  f^rcat 
Eruplious. 

Lhiusa  of  the 
Obwrvatimn. 

Explosions 
Mid  mat 
Erupneiu. 

Dates  ot  the 
ObaamtMNW. 

Explosions 
and  ffTcat 
Eruptioos. 

h  ui 

h  m 

h  m 

anUvlj  ... 

9  4^  a.in. 

4tliJiily  ... 

lU  30  a.m. 

9lh  July  ... 

6  53  p.m. 

tt  >» 

10  58  n.ni. 

11  .'^Ga.m. 

II  n 

P  20  p.m. 

II  M 

12  ir»  p.jn. 

It  It 

1  13  p.m.  i 

9  45  p.m.* 

I*  tt 

1    b  p.m. 

tt  tt 

2    4  p.m. 

Interruption. 

M  »» 

2    5  p.m. 

3  39p.m.*^ 

6th  July  ... 

7  40  a.m. 

M  tt 

3  25  p.m. 

1  4tU  July  ... 

7  45  p.m.  1 

9  25  a.m. 

tt  u 

4    0  p.rn,  ' 

»f  tt 

9    0  p.m. 

11  Ow* 

»»  t» 

8    0  p.in.  ' 

I    »»  »> 

11  ir»  p. 111. 

Tntcmiption. 

t»  tt 

8  25  p.m. 

11  23  p.m.  1 

6tb  July  ... 

3    0  p.m. 

»»  tt 

'J  .').'»  p.m.  ■ 

[iitL'rruittion. 

>f  t» 

5  45  p.m. 

l»  »f 

10   I*-'  p. III.  ■ 

1  5th  July  ... 

h    0  a.m. 

>i  »i 

C  45  p.m. 

4th  July  ... 

12  1  i  ii.m.  1 

tt  It 

8  45  a.m. 

ft  tt 

8    0  p.m. 

Interruption. 

6   0  a.m. 

tt  tt 

0  44  a.m.  1 

♦»  t» 

9  30  p.m. 

4th  July  ... 

It  »» 

11  15  a.m. 

10  50  pjD. 

»i  f» 

7  50  a.m. 

1    t»  tt 

2    5  p.m. 

Interruption. 

tt  tt 

9   7  •.n. 

1    tt  tt 

4  34  p.iu. 

7th  July  ... 

9  l&a.m. 

•  The  great  eruptions  are  denoted  by  an  *. 
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Table  (continued). 

]>ate*  of  the 

Ksplonionn 
and  irreat 

1 

,   lliktcs  ot  tho 

Kx|ilosionii 

, —   

nat««  of  the 

Explosions 
and  f^nat 

Obtmitioiu. 

OfaNnrntioiK. 

1 

and  (rrcat 

1  ObMTfilioni!. 

1 

Eruptuins. 

Eruptions. 

h  m 

1 

h  m 

h 

m 

7UiJuljr  ... 

10  52  a.m. 

j  10th  July... 

12  45  p.m. 

1  Interrupiiou. 

M  »| 

1  .in  p.m. 

2  10  p.m. 

12tb  July ... 

r. 
•1 

57  p.ni. 

»  l> 

2  53  |>.in. 

3  30  p.m. 

tt         f  f 

7 

46  p.m. 

It  n 

3  30  jlhl 

1     «♦  w 

4  24  p.m. 

a 

o 

90  p.lll. 

n  ft 

5  40  p.m. 

5  30  p.m. 

,  Int^iTiiption. 

7  10  p.m.* 

!    "  >i 

7  15  p.m. 

j  l3thJuly... 

i£.  a.m. 

if  It 

10  50  p.m.  ' 

9  33]».ni. 

II  It 

6 

48  a.m. 

»»  »» 

11  10  p.m. 

interruption. 

'  II  »t 

'^S  n  III 

»»      f  1 

1 1  35  p.m. 

11  til  July... 

3  30  a.m. 

tt  II 

0 

40  {i.ui. 

Interruption. 

»•  ♦» 

4  52  a.m. 

II  If 

Q 

V 

ii&  B.m. 

8th  July  ... 

3    0  a.m. 

Intrrniptinn. 

1  tl  II 

1  1 
1  1 

/  a.ra. 

•I  n 

4  20  a.m. 

Uth  July... 

8  30ajn. 

II  ft 

1  1 

OS  n  m 

a.m. 

ff  n 

6  10  B.m. 

**  H 

9  55  turn. 

1 9 

A*  p.m. 

t'  t> 

8  27  a.m.  ! 

'  t  ♦! 

II  30«.m. 

Tntpmiption. 

ft  »i 

10  16  a.m. 

Interniption. 

13lh  July... 

3 

47  p.m. 

H  »> 

12  aSp.in. 

lltb  Jtdy... 

1  46  p.m. 

Interrvption. 

Interruption. 

II  i« 

3  35  p.m. 

13th  Jtdj.- 

6 

45  p.m. 

9th  July  ... 

10  45  a.m.* 

ft  11 

1  O'f  p.m. 

It  It 

m 

/ 

53  p.m. 

[ntenrmitioii. 
9th  Jiil« 

•>  II.UJ. 

Interruption. 

6  10  p.m.* 

It  tl 
II  II 

9 

9 

12  p.m. 
47  p.m. 

n  » 

5  45  p.m. 

1  12th  July... 
'interraption. 

5   ^  a.m.* 

It  It 

10 

55  p.m. 

»t  ft 

7  25  p.m. 

f*  ♦» 

11 

43  p.ro. 

9  S5p.ai. 

Uth  Jul  J... 

9    6  a.m. 

Intprnipf  ion. 

[  lotermption. 

*t  tl 

10  45  a.m. 

Uth  July... 

3 

15  a.m.* 

lOlh  July  ... 
1  tntemtption. 

8  Oaan.* 

II  »i 

12  55  p.m. 

Interraption. 

II  tl 

2  50p.m. 

15tk  Juljr... 

9 

The  heights  of  the  two  most  remarkable  eruptions  during 
our  visit  to  the  Geysir,  rneiisiired  by  M,  Sttrtorius  vou  VVal- 
tershautxn  with  a  theodolite,  gave — 

The  6th  of  July,  at  11''  OO"  a.m.,  I  k')  French  ft  =  4"7'"*101. 
The  14th  of  July,  at      Ib"^  a.m.,  \b'i  French  rt.  =  49"^-375. 

1  have  said,  at  the  commencement  of  this  memoir,  that  the 
water,  when  it  hnd  completely  left  the  basin,  nfier  tiie  ^'reat 
eruptions  descendrd  into  the  central  well,  at  about  2'"'S0  be- 
low its  orifice.    Die  following  are  two  numbers  I  observed;  — 

Tlie  illh  of  Jidy.  ni  n  o'clock  in  the  evening,  a  depth 

of  water  below  the  orifice  of  the  well  2™'00 

The  i4ih  of  July,  at  3^  15™  in  the  morning  f    •    •  S'^'iiO 

*  Th«  |fi*Mi  ernpttoM  ere  deaoted  by  an  *. 

t  If  we  calculate  the  qimntify  of  water  which,  to  produce  Ihii  lowering, 
tscaped  from  the  basin,  during  and  after  the  eruption,  to  flow  almost 
wholly  into  the  Beina,  wo  find  that  this  quantity  was,  in  the  first  case, 
157;]"' 585,  and,  in  the  second  case,  161*«*8S5:  now,  admitting  that  It 
)3.T'8  aiul  mulcr  tlie  prc>sitrc  of  thrrc  nf uiosphereiJ,  the  steam  has  a 
foiume  equal  to  (>no  times  that  of  the  water  which  produced  it,  and  a 
dmiitjof  0*0016145,  a  quantity  of  vapour  represented  by  94,551  Collie 
laetiet  =  VallfiSSL  kilograniaes  in  the  first  cue,  end  bjr  97*095  MiUe 

2  £2 
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I  also  avniletl  myself  of  my  visit  to  the  Geysir  to  make 
some  chcniii  ai  experiments  upon  the  water  of  this  remarkable 
spring,  which  it  would  liave  been  difficult  to  render  so  con- 
clusive witli  water  carried  to  Paris.  I  paid  particular  atten- 
tion to  the  estimation  oi  die  bulpiuireUcti  hytlrogen,  die  odour 
of  which  is  very  perceptible  in  the  vapour  which  incessantly 
escapes  from  the  basin,  and  to  ascertain  whether  the  soda 
contained  in  that  water  is  in  the  caustic  or  carbonated  state. 

The  snlphydrometer  of  M.  Dupascjuier  served  me  for  the 
first  determination.  On  operatiiiff  with  necessary  caution,  I 
found  that  one  litre  of  water  of  the  Geysir,  perfectly  limpid 
and  cooled,  protected  from  contact  with  the  air,  to  about  40% 
contained  '^'"^•4 1-8  of  sulphuretted  hydrogen. 

To  ascertain  the  state  of  the  ^(n]:\,  we  collected  some  water 
in  n  well-stoji})ered  boti  lr,  aciduiaied  it  with  some  drops  of 
hydrochloric  acid,  and  l  ulled  it;  the  vapour,  collected  in  some 
litne-water,  yielded  a  very  perceptible  precipitate.  Mixed 
with  some  auimoniacal  chloride  of  calcium,  the  water  was  not 
rendered  perceptibly  turbid;  it  therefore  does  not  contain 
free  carbonic  acid. 

The  presence  of  chlorine  or  of  alkaline  chlorides  was  likfr* 
wise  ascertained  by  means  of  nitrate  of  silver. 

To  obtain  a  complete  analysis  of  this  water,  I  collected  a 
quantity  in  a  flask  with  a  drawn-out  neck  and  closed  it  over 
the  lamp,  and  in  glass  bottles  dosed  with  a  good  cork  stopper 
covered  with  caoutchouc. 

The  water  of  the  first  flask  was  employed  to  estiniale  the 
carbonic  acid  combined  \\i\h  the  soda;  this  determination 
was  made  in  the  laboialoiy  of  the  Val-de-Grace,  where  M. 
MUlon  was  kind  enough  to  place  at  our  disposal  one  of  the 
apparatus  which  he  employs  to  estimate  the  carbonic  add  in 
organic  analysis.  A  second  operation,  made  comparadfely 
on  water  of  the  botdes  closed  with  a  caoutchouc  stop])er,  gave 
a  result  nearly  identical  with  that  of  the  first  ezpertment. 

roetra  b  156,780  kilognmmM  in  the  second  case,  on  condeming  npon 

the  lower  part  of  the  Geysir,  might  re-e«tabliih  its  primitive  lev  el. 

1  have  stated  n^  ne  thnt  this  level  was  re-established  in  about  <;oven 
hours,  and  that  irom  that  inoinent  only  a  siiiall  quantiiy  of  water  tluwed 
over  after  each  of     deConalkMis  which  took  place  every  two  houm 

The  deficit  in  the  Geysir,  after  a  great  eruption,  might  therefore  be 
made  good  by  a  subterraneous  «li««rnjrngement  of  vapour,  varyinc:  from 
IdOJkiloeramuics  to  231)4  kilogrammes  an  hour.  Now  an  ordinary  steam- 
ciwine^  wfaiocit  coating  or  covering  and  woriting  without  prcmire  (JWit  «»> 
veioppe  et  ran.,  i^tvntc,  C()n>uinii)g  five  kilogrammes  of  pit-coal  an  hour, 
expends  about  thirty  kilogram tnes  of  vnpoivr  hy  horse-power.  We  sec 
therefore  that  the  nrcj»ent  pha^numcnon  of  the  Geysir  requires  for  its 
production,  only  a  dcvelopmeot  of  vapour  0Qmi|Mnidim  to  nesriy  that  of 
nn  cT^r^me  of  700  horse-powcT,  wbicii  givot  ui  mjiproidiBBale  idea  of  the 
oi'Uei  of  \Xm  pbaBoomenon. 
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M.  Damoar  kindly  undertook  the  analysis  of  the  residue 

which  this  water  leaves  on  evaporation,  and  I  liere  transcribe 
only  the  results  which  he  has  given  in  a  separate  notice.  A 
Hire  of  this  water,  evaporated  at  65°  ct^mirrrade,  gives  a  resi- 
due woifrhing  1  '^^SOOgr.,  and  effervescing  with  acids.  Heated 
to  ^00  ,  the  weight  of  this  residue  was  reduced  to  1*1830; 
and  at  a  cherry-red  lieat  the  residue  agglutinates,  and  now 
amounts  to  only  1*0540. 
The  Mine  qnantity  of  water  oontainBi— 

Chloride  of  sodlam   0*8688 

Sulphate  of  magnesia  •   .   .    .  0-0091 

Sulphate  of  potass  0*0180 

Sulphate  of  soda  0*1343 

Soda  0-1227 

Silica  0-5190 

Carbonic  acid  01 520 

Sulphur    .  •   0*0036 

1*2225 

The  r|nnnt!t!(  s  of  oxygen  of  the  silica  aod  the  bases  are  in 
the  loiiuwmg  relation 

ff.  Oxygen.  Relations. 

StKca    .    .    0-5190  0  2696  3 

Soda  .  .  0-3127  0  0876\  o.nfio«  i 
Potass  .    .    0*0097       0*0016  J  * 

( )ii  ^uhuactiiig  from  the  \S  '.  i;^li[  of  the  alkalies  the  quan- 
tity uecei>^ary  to  .saturate  ilic  chiunne  and  the  sulpiiuric  acid^ 
there  remains^— 

gr*  Ox)'gen.  lUiatioat. 

Saica  .  «  .  0*5190  0-S696  9 
Soda.   .   .   «   0-1827         0-0814  1 

In  teveral  analyses,  M.  Damour  ronod  that  tlie  relation 
8 :  1  between  the  oxygen  of  the  silica  and  that  of  the  bases 
was  constant,  and  he  concloded  tberefirom  that  the  silica  is 
probably  dissolved  first  in  the  water  of  the  Geysir,  in  the 
sUte  of  alkaline  silicates,  NaO,  SiO^  3NaO»  SSiO^,  which 
can  be  produced  artificially,  and  which  are  very  soluble  in 
water;  then,  by  the  action  of  the  sulphurous  and  hydro- 
chloric vapours,  sulphates  and  chlorides  are  formed :  the 
quantity  of  alkali  com!):ned  with  the  silica  iiiidLrLrocs  a  suc- 
cessive reduction,  ami  ilie  primitive  relation  ot  3  :  i  becomes 
9:  1.  In  this  state  of  saturation,  a  poi lion  of  the  silica  ceases 
to  be  soluble,  and  is  deposited,  without  doubt,  in  a  quantity 
corresponding  to  tiie  amount  oi  alkali  saturated  every  ilay  by 
the  action  of  the  vapoiur  springs,  and  consequently  of  the 
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oxidation  of  the  alkaline  sulpliurets  in  contact  with  the 
atmosphere. 

We  can  conceive  that  the  water  of  the  Geysir,  passing  into 
the  state  of  vapour  at  a  very  high  temperature  in  aubterranean 
oonduits  formed  by  felapatnio  rocks,  attacks  their  sides,  and 
is  thos  charn^  with  the  salts  which  the  analysis  discovers 

in  it. 

side  the  analysis  of  the  water  of  the  Geysift  the  memoir 
of  M.  Damour  contains  those  of  several  of  the  springs  of 
Reykir,  on  the  soutti  coast  of  the  island,  and  that  of  the  water 
of  Laugarnes,  situated  nt  a  short  distance  from  Reykjavik. 
All  thest'  \MUers  are  alkaline  and  siliciferous ;  and,  although 
the  piopurtions  of  the  substances  wliich  they  contain  are 
different  in  each,  they  offer,  like  that  of  the  Geysir,  a  constant 
relation  between  the  oxygen  of  the  silica  and  that  of  the  bases: 
only,  the  thermal  springs  of  Reykir  deposit,  like  the  Geysir, 
numerous  siliceous  concretions,  whilst  that  of  Laugarnes  forms 
none  at  all*  The  experiments  of  M.  Damour  explain  this 
difference  ver}' well ;  for  in  the  waters  of  Reykir,  the  con- 
stant relation  between  the  oxviien  of  the  silica  and  that  of  the 
bases  is  as  2:  1  ;  and  after  subtracting  the  (juantity  of  alkalies 
necessary  to  saturate  the  clilorine  and  sul})liiirit!  acid,  this  re- 
lation becomes  as  8  ;  1.  In  this  state  ot  saturation,  a  part  of 
the  silica  ceases  to  be  soluble  and  is  deposited. 

In  the  water  of  Laugarnes,  on  the  contrary,  the  primitive 
relation  of  the  quantities  of  oxygen  is  as  3 :  1,  as  ibr  the 
Gevsir,  and  this  relation,  after  the  saturation  of  the  chlorine 
and  the  sulphuric  acid,  becomes  as  6  :  I,  numbers  which  re- 
present an  alkaline  silicate  entirely  soluble  in  water* 

Strokkur, 

The  Strokkur,  the  Icelandic  name  of  which,  sifjnifvinrj 
churn,  well  indicates  the  continual  movement  of  the  water  in 
the  channel  which  contains  it,  is  situated  at  about  sixty  metres 
to  the  south  of  the  Great  Geysir.  It  has  not,  like  the  latter, 
lonned  ilaeii  a  regular  and  conical  basin;  the  waters  occupy 
a  sort  of  level  well,  the  edges  of  which  are  only  encircled 
by  a  rounded  mound,  and  worn  by  the  frequent  passage  of 
the  waters. 

The  dimensions  of  this  channel  are  as  follows : — 

Total  depth  below  the  surface  «...  18^*55 

Diameter  of  the  opening  t^'AO 

Diameter  at  8"^*S0  below  the  surface  .   .  (P*26 

The  channel  of  this  second  letting  spring  is  therefore  irre» 
gnlar,  and  Its  diameter  diminishes  rapidly  from  the  surfue  to 
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the  bottom.  The  level  of  the  water,  which  generally  stands 
at  rather  above  three  metres  below  the  ground,  falls  prin* 
cipallv  after  great  eruptiofiSy  but  it  sometimes  rises  suddenly; 
and  Ine  surface  of  the  water  is  incessantly  boiling. 

The  following  are  some  observations  1  made  upon  these 
osciilations : — 

m 

8th  Jnly,  at  4^'  30"^  p.m.:  depth  below  the  surface  .  3*40 
9th  July,  at  1 1  o'clock  a.m.  :  after  a  great  eruption  .  4;*22 
9th  July,  after  a  second  eruption,  immediately  after 

the  first  4*55 

9th  July,  at  9  o'clock  P.M.:  Strokkur  calm;  depth  •  S*35 
9th  July,  at  4^^  15"*  P.M. :  after  a  great  eruption  •  •  4*40 
9th  July,  at  i*"  59'"  p.m.  :  Strokkur  calm  .    •   .    •  4*40 

9th  July,  at  5^  32'"  p.m.  i  Id  3*05 

9th  July,  at  7'^  15"^  p.m.:  Id  ^,    •  3-50 

lOlh  July,  at  6^  S?*"  P.M.:  Id.  .  S-55 

To  determine  the  temperature  of  this  column  of  water,  we 

employed  the  same  thermometers  as  at  the  Great  Geysir; 
but  wc  only  arranged  three  on  a  line.  The  following  are  the 
results  obtained  in  these  three  experiments • 


8th  July,  at  l*^  38"  P.M.:  height  of 
the  column  of  water  above  the 

1           Stctmd  EgptrimmU. 

9th  July,  at  5'*  32"  p.m.,  an  hour  after 
a  great  eruption:  heiAbt  of  the 
Mfaiiin  of  fraicr  aim  the  faottant, 

1(M)0 

Mmii  temperature  of  the  co 
water.  l04*-77. 

Heights, 
m 

1015 
600 
300 
0-30 

Bottom. 

nnin  of 

1000 

Therm.  No.  3,  D         100  5 

Therm.  No.  3,  B         109  3 

llcaa  temperature  of  the  oo 
water,  105°*  79. 

Heights. 

m 

10-50 
9-20 
6-20 
2*95 

BottoiD. 

mnnof 

Third  Rrppriment. 

10th  July,  at  6"  57"'  vm..,  six  hours  after  a  2;reat  eruption : 
height  of  the  colomn  ef  water  above  the  hottom,  10  metres. 


illeights. 

ni 


lO-OO 
S-85 

ir>5 

0-35 
Bottom. 

Mean  temperature  of  the  eolmnii  of  waler,  105*^*278. 


Thermometer  No.  3,  D   yC  'J 

Thermometer  No.  3,  B   113-7 

Tbcnnometer  No.  6,  D   11 39 


From  the  water  bubbling  incessantly  at  the  surface^  we 
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always  supposed  that  iu  LtjuiueruLui  e  there  was  that  of  boiling 
water;  the  second  and  thirn  experiments  show,  in  fact,  that 
at  one  metre  below  the  surface  it  is  so.  Lastly*  a  thermo* 
meter  placed  at  the  bottom  of  the  channel  during  an  erup- 
tion, indicated  a  temperature  of  115°  C. 

We  see  that  the  column  of  the  water  ot!  the  Strokkur  pos- 
sesses, at  different  heights,  much  more  constant  temperatures 
than  those  of  the  Gey. sir,  and  that  the  influenee  of  the  erup- 
tions is  very  little  felt;  this  depends  evidently  on  the  con- 
tinual boiling  of  the  water,  which  deteiaiiiies  incessnntly 
ascending  currents  in  the  column  and  a  sort  ot  intermixture. 
The  mean  height  of  the  column  of  water  of  the  Strokkur  is 
equal  to  a  column  of  mercury  at  0%  of  0"'*7179. 

The  temperature  at  which  tlie  water,  submitted  to  this  pres- 
sure and  to  that  of  the  atmosphere,  would  begin  to  boil,  is 
120'>04S. 

We  have  seen  that  the  maxim nm  temperature  at  the 
bottom  of  the  Strolckiir  was  115":  tlic  clifleience  l)etween  tfiis 
maxiinunj  and  the  point  of  ebullition  t  f  ilie  water  is  tlierelure 
5'^'04-3.  This  junnber  is  sensibly  smaller  than  the  corre- 
sponding number  found  at  tlie  Great  Geysir,  which  may  be 
owing  to  the  point  attained  by  the  thermometer  in  the  Strok*- 
kur  iSsing  nearer  to  the  subterranean  source  of  heat,  or  lo  the 
channels  which  form  the  communication  between  the  liquid 
column  and  that  central  point  being  narrower;  the  heat  {)arted 
with  by  the  vapour  condensed  to  the  water  of  this  channel  is 
transmitted  more  rapidly  to  the  base  of  the  column. 

Tlie  eruptions  of  tlie  Strokkur,  which  are  (]uitc  as  higli  as 
those  of  the  Great  Geysir,  instead  of  preseniijig,  like  the 
latter,  the  appearance  of  a  beautiful  fountain  with  a  l)ase  three 
metres  in  diameter,  and  a  crown  of  about  eighteen  metres, 
present  only  an  eusmtle  of  sharp,  jagged  points,  resembling 
very  tall  and  slender  yew-trees.  In  the  Geysir,  the  eruptions 
always  take  place  naturally;  at  the  Strokkur,  on  the  contrary, 
they  are  either  natural  or  artificial*  All  travellers  in  fact 
have  remarked  that,  if  the  orifice  of  the  Strokkur  is  filled 
with  light  stones  or  pieces  of  earth  and  grass,  the  oscillations 
of  the  water  cease  for  some  instniits  ;  liien,  nt  t!ie  end  of  five 
or  ten  minutes,  a  jet  of  a  biackisli  water  eluu  ged  wiili  earth 
is  shot  out  to  a  great  height,  and  is  followed  l)y  other  inter- 
mitting Jets  during  eight  to  ten  minuter.  1  his  experiment, 
which  can  be  repeated  several  times  a  day  with  success,  seems 
to  prove  that  the  small  excepts  of  pressure  resulting  from  the 
accumulation  of  clods  of  earth  upon  the  water  suffices  to 
hinder  the  normal  disengagement  of  the  vapour  through 
the  column  of  water,  and  to  augment  the  tension  of  that  which 
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15;  formed  in  the  sul)tcrranean  reservoir,  tu  the  extent  of  pro- 
ducing a  sudden  detonation. 

He  this  as  it  may»  as  we  desired  to  know  whether  the 
natural  eruptions  of  the  Strokkur  were  produced  more  regu- 
larly than  those  of  the  Geysir,  and  had  any  connexion  with 
them,  we  only  forced  the  eruptions  twice  at  our  arrival,  and 
we  noted,  in  the  following  table^  all  the  great  natural  erup- 
tions : — 


Dates. 


Forced 
Eruptions. 
Hdghts. 


Natural 
Eruptions. 
Houn. 


ath  Julv,  at  57™  P.M.  .. 
9th  July,  at  4*  15°»  f.M.  .. 

9tli  Jiih',  at  ♦)*  25"  P.M.  .. 
10th  Jii'lv,  at  12^  li'"  A.M. 
12tli  Jiilv,  at  8^  2"  A.M.  « 

l.iili  Jiih,         30"  P.M... 


49"-375 

not  measured, 
not  measured. 


It  will  he  seen  from  this  table  that  the  natural  eruptions  of 
the  Strokkur  do  not  present  more  regulariiy  than  those  of  the 
Geysir,  and  that  their  coincidence  with  the  latter,  if  it  some- 
times happens,  is  not  general. 

Some  observers  have  admitted  that  there  was  a  direct  com- 
munication between  the  Strokkur  and  the  Oeysir :  unfortu- 
nately I  was  not  able,  during  my  visit,  to  collect  water  from 
the  Strokkur  sufficiently  freed  from  the  earthy  matters  coming 
from  the  clods  of  earlh  which  we  threw  upon  it  during  the 
first  dnys  of  our  arrival,  to  bring  it  back  and  submit  it  to  an 
accurate  analysis;  but  the  (|iiantity  of  sulphuretted  hydrogen, 
which  I  found  to  be  1<^^*748  per  litre,  differs  suiliciently  from 
that  which  the  water  of  the  Geysir  contains,  to  allow  us 
to  conceive  that  these  two  springs,  subjected  perliaps  to  the 
same  cause  of  subterranean  heat^  are  not^  as  has  been  thought^ 
in  immediate  connexion* 


LXI.   On  the  existence  of  a  New  Vegcto-Alkali  in  Gun- 
Cotion.    By  Robert  Porrett,  i^jj.* 

A  T  the  last  meeting  of  this  Society  on  the  7th  instant,  a  joint 

communication  from  Mr.  'reschcmacher  and  myself  "On 
the  C'ficniical  Composition  of  Gun-Cotton"  was  readfj  and 
in  the  lust  paragraph  but  one  thereof  i  suggested  that  a  view 

*  Comoranicated  by  the  Chemical  Society;  having  been  read  Dec.  £1, 

1846. 

t  This  communication  will  be  found  ui  [>.  273  oi  Ltic  prebcul  volume  of 
this  Jeunial. 
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miglit  be  taken  of  the  arrangement  of  elementally  particles 
which  would  account  for  the  Binsrular  fact  of  its  non-acidity, 
by  supposing  it  a  compound  of  nitrous  acid  aud  oxide  of 
liguin,  the  said  new  oxide  being  also  supposed  to  possess  al- 
kaline properliea. 

It  was  before  mentioned  that  the  action  of  a  amall  voltaic 
batteiy  on  gun-cotton  gave  but  very  alight  indicationa  of  its 
decomposition,  but  that  slight  as  they  were  they  were  rather 
favourable  to  the  suprgcstion  ;  the  indifference  of  this  compound 
to  the  electrical  action  of  the  battery  I  found  was  (nviii!?  to 
its  highly  non-condticting  nature,  but  T  succeeded  rather 
better  by  moi.stenin<r  the  gun-cotton  with  acetic  acid,  and 
placing  it  in  a  Linn  layer  between  a  plate  of  silver  and  one  of 
ziniv  completing  the  circuit  with  a  copper  wire  and  leaving 
them  for  forty-eight  hours  so  arranged ;  at  the  end  of  that 
time^  on  dismounting  this  little  voltaic  arrangement,  the 
inner  surfoce  of  the  silver  plate  was  found  to  be  encrusted  with 
a  small  quantity  of  matter,  which  when  dry  looked  white  like 
starch,  which  powerfttHy  restored  the  blue  colour  of  reddened 
litmus  pai)Lr,  and  whicli  when  heated  to  redness  left  a  black 
carbonaceous  residue ;  the  minute  quantity  obtained  made 
farther  experimcntg  with  it  impossible,  but  it  increased  my 
desire  to  be  able  to  procure  the  same  substance  by  chemical 
means  in  any  quantity  that  might  be  wanted. 

After  several  trials  I  succeeded  by  the  following  process. 

I  took  2  ounces  by  measure  of  nitric  acid  of  the  apedflc 
gravity  1*45,  to  which  I  added  50  grains  of  gun-cotton  ;  the 
mixture  being  gradually  heated  to  100°  of  Fahrenheit's  scale 
and  kept  below  180°,  became  quite  transparent  and  fluid,  and 
all  the  cotton  disappeared,  being  quietly  dis'iolved  without 
any  evolution  of  j^-as;  when  a  portion  of  the  solution  in  this 
state  was  dropped  into  water  a  white  precipitate  was  formed, 
having  all  the  properties,  structure  excepted,  of  the  original 
gun-cotton,  the  liquid  was  therefore  a  simple  solution  in  add, 
without  decomposition  $  but  on  heating  the  Uquid  further  up 
to  2iC^^  deep  red  acid  vapours  were  given  off  abundantly  for 
a  long  time,  and  these  collected  in  a  receiver  surrounded  with 
ice  proved  to  be  hyponitrous  acid.  The  same  effect  exactly 
took  ]ilricc  when  Rulphuric  acid  was  used  instead  of  nitric  at 
the  same  temperature,  so  that  the  hy[)onitrous  acid  was  merely 
eliminated  in  both  cases,  and  not  formed  from  the  excess  of 
nitric  acid  used  in  the  former  instance ;  the  cold  and  very 
concentrated  nitric  solution  containing  a  great  excess  of  acid 
was  now  brought  nearly,  but  not  quite,  towards  a  neutral  state 
by  pouring  into  it  a  strong  solution  of  aubcarbonate  of  potash, 
after  whidi  a  solution  of  bicarbonate  of  potash  was  used 
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until  perfect  neutrality  was  obtained :  the  liquid  in  this  state 
became  thickened,  Tiot  only  by  the  quantity  of  minute  cry^stals 
of  nitrate  of  potash  termed  m  it  beyond  what  it  could  liold  in 
soli[tion,  but  tiho  by  an  abundant  precipitate  of  a  whitish-gray 
coiour,  consisting  of  tiie  new  alkali  probably  in  a  state  of  car- 
bonate. The  Hquid  was  heated  nearly  to  ebullition^  during 
which  its  colour  became  darker,  and  it  was  set  aside  in  ordei- 
tliat  the  cvyetale  of  nitrate  of  potash  ^Mrmed  on  cooling  might 
be  eepanted  and  the  liquid  diaemhomMed  of  them  as  much 
as  possible ;  after  this  it  was  evaporated  to  dryness  by  the  heat 
of  a  waler*bath,  and  the  brow  nish  xesidue  was  acted  upon 
fiist  hy  sulphuric  aether,  which  however  would  not  dissolve 
any  portion  of  it;  next  by  alcohol,  specific  gravity  0*813, 
Mhich  took  up  a  very  small  quantity  of  the  new  alkali :  ihvn 
spu'it  of  wine  was  tried ;  the  solvent  power  was  greater  t  han 
that  of  tlie  alcohol,  but  it  had  the  disadvantage  of  taking  up 
with  the  alkaline  matter  a  very  minute  quantity  of  the  nitrate 
of  potash  which  aecuinpauied  il.  so  that  I  could  not  get  an 
exclusive  solvent  for  the  former;  the  principal  quantitj-  bv 
ftr  id  the  carbonated  aUkaline  oxide  of  lij^nin  stiU  remamei!^ 
and  I  was  obliged  to  use  a  small  jjuantity  of  cold,  distiHed 
water  for  its  scuutiony  notwithstanding  that  the  water  took  up 
at  the  same  time  some  of  the  nitrate  of  potash  and  bicar- 
bonate of  potash  remaining  in  the  mass.  This  aqueous  solu- 
tion contains  the  new  alkali  in  abundance,  but  mixed  as  stated 
with  the  other  two  salts^  it  acts  very  powerfully  upon  red- 
dened litmus  paper. 

When  a  jwrtion  of  the  hyponitrous  acid  is  neutralized  by 
an  aqueous  sol  itioii  of  the  new  aikah,  hypunitrite  of  oxide 
of  lignin,  prubably  identical  with  gun-cotton  or  with  xy  loidmc, 
is  reproduced  and  precipitated  as  an  insoluble  compound. 

Thus  I  have  verified  the  accuracy  of  my  suggestion,  ex- 
cepting that  inst^  of  nitroua  acid  neutralized  by  a^  new 
alkali  existii^  in  gun-cotton>  it  is  the  hjrponitrous  add  so 
neutralized  that  constitutes  that  substance.  For  this  new 
alkali  1  have  proposed  the  name  Liffma,  and  beUeve  that  it 
opens  a  wide  field  for  scientific  research. 

I  suspect  that  in  the  natural  decay  of  woody  fibre  from 
leaves  and  rot'ing  plants  this  alkali  is  produced  in  combina- 
tion with  acetic  acid,  and  that  the  aeetate  of  lignia  so  formed 
exists  in  the  sap  of  all  vegetables  ;  further,  that  it  is  deeuni- 
poscd  ami  deoxidated  by  light  acting  on  the  leaves  and  bark 
of  trees,  reproducing  lignin  for  the  assimilation  and  growth 
of  the  plant  i  its  action  also  on  the  animal  system  deserves 
inquiry.  I  lay  no  stress  however  on  these  speculations^  ez- 
cq^ting  so  fiur  as  they  may  stimulate  others  to  enter  into  in- 
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vestigatioiis  wliich  it  is  impossible  for  me,  consistently  witii 
my  otlier  duties,  to  find  time  lor  carrying  on,  and  I  leave  the 
sul>joct  witliout  reserve  to  those  who  have  more  leisure. 

1  would  remark,  that  the  composition  oi'  liguiu  must  be 
tbat  of  Ugnin  j^lus  2  atoms  of  oxygen  given  up  by  the  nitric 
add  m  becoming  hypoiiitroiu  acid;  and  I  would  farther 
observe,  that  the  hitter  add  and  lignia  forming  an  inaoluhle 
compound,  may  probably  be  employed  as  mutual  tests  of  each 
othcfl^s  presenoe  m  combinations. 


LXIl.  On  some  new  Researches  in  Animal  Chemisiry,  E.r* 
tract rd  from  a  Letter  Jrom  Ptofessor  Libbio  to  Dr.  A. 

W.  IIoFMANN*. 

I AM  at  present  orr  unicd  with  the  invest i^^at ion  of  the  con- 
stituents of  the  animal  fluids  which  are  found  w  ithout  the 
blood  and  lymphatic  vessels.  The  fluid  from  flesii,  tor  ex- 
ample, rcactii  strongly  acid,  and  the  qncstion  was,  whence 
mosc  this  acidity  ?  Attt^r  overcoming  more  ditliculties  than  I 
have  ever  experienced  in  anv  investigation,  I  have  for  the 
first  time  inmsputably  proved  that  free  hictic  and  phosphoric 
add  exbt  in  the  whole  organism  wherever  muade  is  found. 
How  curious,  that  in  the  absence  of  all  proofs  on  the  part 
of  the  opponents  of  lactic  acid,  I  should  now  demonstaite 
to  them  its  existence  in  the  flesh  of  oxen,  fowls,  calves,  and 
sheep,  by  preparing  and  analysing  the  most  beautifully  rn-- 
btallized  zinc  nnd  lime  salts!  How  wonderful,  that  in  (he 
animal  orgaiiisni  acids  and  alkalies  are  found  Beparated  by  a 
membrane,  constituting  mjTiads  of  little  galvanic  circles, 
which,  as  such,  must  produce  chemical  and  electrical  effects ! 
To  the  hitter  class  I  refer  all  the  obeervationa  of  Matteucd, 
which  can  now  be  easily  explained. 

I  have  further  found  that  the  flesh  of  the  muscles  of  oxen, 
fowls,  sheep,  calves,  and  the  carnivorous  pike  contain  cre»- 
tin,  prepared  by  Chevreul  eleven  years  ago,  and  which,  fix>m 
BerzcHus'^s  not  beinnr  able  to  reproduce  it,  ha*;  since  then,  in 
a  measure,  disaj)[)eared  from  the  iield  of  ^cM'nee.  Crciitin 
la  a  beautiful  suljstance,  having  the  tbrmuta  C^NgHjiOg, 
At  the  tcmpenilure  of  100°  C.  it  loses  2  eqnivs.  of  water,  and 
becomcb  Cg  N3  llg  O4  =  glycocoU  -f-  ammonia  ur  catfein  + 
amidogen  and  water.  Heated  in  a  stream  of  hydrochloric 
add,  creatin  loses  4  equivs,  of  water  and  takes  up  1  of  hj- 
drochloric  acid.  By  this  treatment,  however,  its  nature  is 
entirelv  altered,  being  now  converted  into  a  beautiful  omnie 
base,  tne  properties  of  which  are  totally  different  from  3ioae 

*  CotDDittnieated  by  the  Chemical  Societrt  hetmrn  been  nsd  Dec.  SI, 
184^ 
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of  creatin.  Tt  becomes  now  soluble  in  water,  and  forms  tfith 
bichloride  of  platinum  a  fine  crystallized  double  salt. 

I  have,  fiually,  discovered  two  other  new  bodies  in  the 
same  fluids,  of  which  the  one  crystallizes  ia  needles,  the  other 
ill  plates  of  the  lustre  of  mother-of-pearl.  Unfortunately  I 
have  obtained  scarcely  sufficient  for  two  analyses  from  40  lbs. 
of  the  fleth  of  oxen  and  20  of  that  of  fowls. 

I  see  a  boundless  field  before  me^  and  doubt  not  that  for 
emy  qwxBty  of  the  animal  body,  somethmg  which  can  be 
estimated  qmniiUUwefyf  will  also  be  discovered  to  which  it  is 
indebted  for  its  properties. 

I  have  also  satisfied  myself  as  to  the  part  which  common 
salt  plays  in  the  bodies  of  animals.  I  have  found  tliat  the 
fluids  without  the  blotxl  :md  lymphatic  vessels  contain  only 
potash-salts,  viz.  chloride  of  potassium  and  phosphate  of 
potash,  with  phosphate  of  magnrsia,  whilst  the  blood  and 
ijmph  contain  merely  those  of  soda  (^phosphate  of  sudaj.  if, 
therefore,  the  latter  are  indispensable  to  the  formation  of 
blood  and  the  processes  of  life>  it  is  evident  that  an  animal 
on  the  continent,  which  finds  in  plants  only  potash-salts, 
should  have  chloride  of  sodium  given  to  it,  by  means  of  which 
the  phosphate  of  potash  of  the  seeds  and  of  the  rest  of  the 
plant  is  transformed  into  chloride  of  potassium  and  phosphate 
of  soda.  I  found  further  that  the  salt  brine  which  flows  from 
salted  meat  contained  certainly  alkaline  phosphates,  and  that 
scurvy  is  hence  easily  explained  by  the  deficiency  in  the 
salted  meat  of  the  alkaline  phosphates  necessary  to  the  for- 
mation of  blood.  The  soup  from  boiled  meat  contains  the 
soluble  phosphates  of  the  flesh,  nnd  tlie  meat  itself  the  in- 
soluble. Neither  the  soup  nor  the  flesh  alone  can  maintain 
the  processes  of  life,  but  both  must  be  taken  together.  The 
Eng^h  have  in  this  respect  hit  upon  the  proper  practice. 
In  a  theoretical  point  of  view  their  food  is  more  correctly 
combined  than  that  of  the  Germans. 

Still  more  wonderful  results  have  been  obtained  by  the  oxi- 
dation of  casein  by  means  of  peroxide  of  manganese  and  sul- 
phuric acid,  by  M.  Gtip^clbcrf^cr.  Three  prndurts  are  ol)- 
tained  :  the  first  of  which  is  aldehyde,  the  second  oil  of  bitter 
almonds,  and  the  third  a  fluicl  nethereal  body  with  a  compo- 
sition similar  to  mctacclune.  The  aldehydi;  was  analysed  as 
aldehydite  of  aunnouia,  of  which  a  considerable  quantity  was 
obtained.  From  oil  of  bitter  almonds  the  most  beantifttl  ben- 
zoic acid  was  produced  by  the  action  of  chlorine. 

From  these  results  a  sort  of  conception  may  be  obtained 
how  and  wherefore  many  medicines  have  a  certain  deleterious 
or  usefiil  action. 
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Urea,  creatin.  glycocoli,  leucin,  cystin.  <*<-c.  are  omarnc 
bases,  and  only  products  of  the  animnl  body  or  its  elemeiiis, 
and  orjranic  bases  iirc  partly  poisonous,  j)artly  beiu'ficial  in 
their  aclion.  1  have  cau6ed  the  new  exneriments  of  Mulder 
00  hit  protdo  to  be  fepeated.  The  aoMUice  prepared  by 
FleitmanD  in  this  Isboratory,  aeoofding  to  hia  new  methoot 
and  supposed  to  be  free  from  sulphur,  still  contains  1*5  per 
cent,  as  does  likewise  a  similar  preparation  by  I^askowsku 

I  b^  of  you  to  communicate  this  siKRt  notice  to  the  Che» 
mioal  Sooiet^j  of  whioh  1  have  the  honour  to  be  a  member. 


LXIII.  On  the  Salts  qf  Sulphurous  Acid, 
By  J.  Sheridan  MuspftATT,  £f^.»  Ph,Dj^ 

T  HAVE  been  induced  to  return  to  this  subject  by  a  paper 
lately  published  by  Dr.  Rammelsberg  in  Piiggcndorti''8 
Annaleni.  In  his  treatise  he  ditfers  slii^litly  from  me  in  the 
quantities  of  water  contained  in  some  of  tlir  snlpliites,  but  as 
he  invariably  took  his  water  as  loss  and  as  mine  \va.s  c;cnerally 
determined  bv  eonibustion  with  chroinate  of  lead,  1  did  not 
thmk  it  worth  while  goinjic  over  all  the  analyses  that  1  luul 
performed  in  Giebten,  being  so  thoroughly  convinced  of  the 
accuracy  of  those  results,  llie  only  point  where  we  materially 
disagree  is  regarduog  the  constitution  of  the  red  sulphite  of 
copper,  and  which  will  be  subsequently  discussed  under  that 
head.  When  I  first  undertook,  in  Baron  Liebi|;'s  laboratory, 
the  iuTestigation  of  the  salts  of  sulphurous  acid,  very  little 
was  known  of  their  constitution  ;  but  since  that  lime  they 
have  oeeuj)ied  the  atteiitif^ii  o\'  numerous  chenii'^t'^,  and  are 
now  invested  with  as  much  inu  rest  the  compi)uruls  of  any 
other  acid.  They  are  very  ixadily  decom[)osed  cither  by 
moisture  or  heat,  and  on  this  account  may  have  led  uuicient 
chemists  to  the  assumption  of  various  formuhc  for  the  same 
salt.  For  eammple,  tnere  is  scarcely'  any  salt  of  this  acid 
which  does  not  contain  traces  of  sulphate^  which  are  alwaya 
overlooked  in  the  analysis ;  and  moreover,  unless  great  care 
is  exercised  in  oxidizing  the  sulphurous  acid  when  its  quanti^ 
is  to  be  determined,  serious  errors  may  arise.  I  shall  now 
proceed  to  the  description  of  the  sulphites  under  their  re- 
spective heads. 

Sulphite  of  Sofia. — This  salt  is  ol)taincd  by  transmitting 
suipiiurous  acid  thron^di  a  sohitiijn  ot' carbonate  of  boda  until 
the  liquid  l)ecomes  acid,  ami  ihcti  ailowing  tiic  solution  to 

*  Commuoicated  bf  tlit  Chemical  Society  j  ha?ing  been  read  Dec.  HI, 
1846. 

t  Mi.  pp.  245, 391 ;  or  No.  89  of  the  Chemieal  Gaiette,  Jii^  1«  184^ 
p»SS4. 


Digrtized  by  Google 


Dr.  Muspratt  on  the  Salts  of  Sulphurous  Acid.  415 

repose  for  some  duys  iindcr  a  bell-jar  over  suljihurir  ncid. 
The  crystals  possess  n  cuoling  and  sulphurous  tastc^  audare 
slightly  alkaline  to  test-paper. 

Analijsis: — 7*10  grs.  burned  with  chromutc  of  lead  gave 
4*19  grs.  of  water  =  riD  Ul  per  cent. 

Formula,  NaO,  SO_,+  10  nq. 

Vauquelin  has  describt  .l  :i  sulphite  of  suda  ui  the  following 
constitution : — NaO^  'SO^  -f  8aq ;  and  Rammelsberg  analysed 
one  which  agreed  with  the  annexed  formula :  NaO,  SO^  4  7 nq. 
The  varying  proportions  of  water  can  onlv  be  accounted  for 
by  the  different  temperatures  at  which  the  salts  have  been 
formed. 

Bisulphite  of  Soda. — Dr.  Rammelsbcrg  obtained  an  aeid 
salt  np^reeing  with  the  formula  2(NaO,  -SO^)  +  aq.  I  find 
Iiuwcvcr  on  referring;  to  his  results  that  the  formula  NaSO^ 
+  HO  SOgt  ^vliicli  1  ^avu  HI  m\  lormcr  paprr,  corresponds 
quite  as  well  with  his  numbers  as  the  one  given  by  him. 

Sulphite  of  Ammama. — I  have  not  yet  succee  ded  m  pro- 
curing from  an  aqueous  solution  an  ammoniacal  sulphite  of 
sufHcient  stability  for  analysts.  The  salts  formed  in  alcohol 
and  aether,  and  heretofore  described  possessed  the  sub- 
joined formulee  i-^ 

NH4O,  SO  +  aq. 
NH4O,  bU«  +  SOj. 

I  have  produced  another  ammonia  sulphite  by  passing  sul- 

plnirons  acid  into  a  very  strong  solution  of  cmi'-tir  ammonia 
until  there  was  no  smell  either  of  the  acid  or  alkali,  and  then 
adding  cautiously  absolute  alcohol.  After  n  short  time  a 
brilliant  white  saline  mass  of  crystals  subsided,  which  were 
allowed  to  remain  undisturbed  for  twenty-four  hours.  I  threw 
the  whole  on  to  a  filter  and  dried  the  crystals  over  sulphuric 
acid.  This  salt  is  alkaline,  and  evolves  traces  of  ammonia. 

Analytia : — 23*09  grs.  of  the  salt  gave  33*88  grs.  sulphite 
of  barytes  =        sulphurous  acid  or  40'3G  per  cent. 

The  formula  2(NH^O,  SOJ  +  NHj+Saq.  requires  40  09 
per  cent,  sulphurous  acid. 

Sfff/f/fitcs  (f  the  Protoxidf  of  Iron. — Finely  divided  metallic 
iron  dis>solvcs  pretty  readily  in  sulphin*ous  acid,  iuipaiting  to 
the  liquid  a  slight  green  tinge.  When  lias  liquid  is  evapo- 
rated m  vacuo,  very  small  and  almost  cidourlew  crystals  are 
obtained,  which  are  but  slightly  soluble  in  water.  Exposed 
to  the  aur  in  a  dry  state  the^  are  not  readily  altered,  nut  if 
moist  arc  rapidly  converted  into  sulphate.  I  found  my  sul- 
phurous acia,  on  analysing  this  compound,  to  agree  so  closely 

*  Atm,  Chtm,  und  Phmrn^f  Bd.  K  p.  2t5« 
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with  what  Fordos  and  Gclls  had  ])reviously  given,  that  I 
neglected  determining  the  iron  and  water.  5*65  grs.  gave 
7*00  grs.  sulphate  of  bora  tes =1*92  grs.  sulphurous  acid  or 
33*98  per  cent.   Centestmally  represented,— 

Theory.  F.    G.  Mean. 

I  eq.  protoxide  of  iron  439*21       37-26  37-23 

1  eulphunnisadd*  401*17  34*06  34*04  33*98 
3  ...  water  .   .   .   .  387*44      28*76  28*73 

1177*82     100-00  100*00 
Formula,  FcO,  80^  +  3  aq. 
Sulphiita  of  the  Peroxide  of  Iron, — When  sulphurous  acid 
is  passed  through  water  holding  in  suspension  fiieshfy-i^eci- 

Jutated  peroxide  of  iron,  the  whole  reaaily  dissolves,  and  the 
iquid  acquires  a  blood-red  colour,  which  disappears  on  ex* 
posure  to  the  air.  If  this  solution  be  boiled  so  as  to  expel 
the  uncombined  acid,  and  then  left  to  the  atmospheric  action 
for  some  days,  it  acqnircs  a  light  brownish  colour,  and  de- 
posits a  reddish  brown  compound  conlauiing  sulphurous  acid 
and  peroxide  of  iron.  Dr.  Kcenc  of  Brussels  expresses  the 
constitution  of  this  salt  by  the  formula 

Fe^Oa,  SO,  +  7aq. 

1  found  that  when  caustic  potash  was  added  very  gradu- 
ally to  the  blood-red  bulution  above-inenti  oiK  d,  a  yellowish 
crystidline  precipitate  formed,  the  liquid  remaining  still  acid. 
This  compound,  after  filtration,  edulcoration  and  desiccation, 
gave  the  following  results : — 

9*01  grs.  gave  2*18  grs.  peroxide  of  iron. 
6*21  grs.  gave  6*80  grs.  sulphate  of  baiytesssl'S?  grs.  suU 
phuric  acid. 

10*11  grs.  gave  1*50  gr.  wfi^r. 
Composition  per  cent. 

Tlifory.  Found. 

3  eqs.  Sulphurous  acid.  1203*51        30*66  30*11 

2  ...  Potash.    .   .   .  1179*64  30*06 

1  ...  Peroxide  of  iron.    978*42        24*93  24*19 

5  ...  Water  ....    502-50        14*35  14*83 

3924-27  100*00 

These  numbers  agree  with  the  formula 

Pe^O.^SO,  +  2(K(),80,)  +  5aq. 

Til  is  double  sul|ihite  of  iron  and  potash  appears  to  be 
Koene's  salt,  in  which  2  equivalents  of  water  are  replaced  hj 

2  equivalents  of  sulphite  of  ^tash. 

The  sulphite  of  the  peroxide  of  iron  forms  a  salt  with  sul- 
phite of  ammonia^  but  it  is  very  difficult  to  get  a  sufficient 
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qniiititf  of  it  for  analyBet.   It  ooataios  3S'6S  per  cent,  of 

peroxiofe  of  iron. 

Sulphites  ^fNickeL — ^The  two  salts  which  I  described  in 
my  first  ptper  on  the  sulphites  possessed  tlie  subjoined  for« 
mu]0 1— 

NiO,  SO,  I  4aq. 
NiO,  SO9  4-  6aq. 

Tlie  latter  ao;ree8  witli  the  results  of  Fordos,  Gclis  and 
Kaininelsber/^.  I  have  nfjain  ])rpparcd  tlie  lonaer  by  transmit- 
ting^ a  stream  of  sulphurous  arid  into  water  liokliiif^  in  sus- 
pension carbonate  of  niekcl.  When  the  whole  had  dissolved, 
the  solution  was  filtered  and  boiled^  which  liberated  a  mass 
of  small  greenish  ciystab^  almost  insoluble  in  mujtiatm 

6*02  grs.  salt  burned  with  cfafomate  of  lead  gave  2*08  grs. 
water  ss  34*55  per  cent 

The  formula  NiO,  SO,  -f  4aq.  affords  34-06  per  cent,  of 
water. 

Dr.  Bottinger  has  described  a  double  sulphite  of  nickel  of 
the  following  constitution  : — 

NiO,  S0«  +  NH'0, 60«  +  4  aq. 

Sulphites  of  Cadmium, — Carbonate  of  cadmium  in  water  is 
r^dily  dissolved  by  sulphurous  acid,  and  when  the  resulting 
solution  is  treated  with  absolute  alcohol  an  aluminous-looking 
precipitate  appears,  which  when  dried  and  heated  in  n  test- 
tube  affords  no  water — it  must  be  the  anhydrous  snli)hite  of 
cadmium.  It  however  the  gelatinous  precipitate  is  allowed  to 
remain  in  the  alcoholic  menstnnim  for  souie  days  it  disap- 
pears, and  there  deposit  in  its  stead  beautiful  silvery-looking 
ci^talsy  which  turn  out  to  be  the  same  ssit  as  that  ob- 
tamed  b^  Fordos  and  when  dissolving  the  metal  in  the. 
acid* 

Ana^M9i~S'19g;n,  of  salt  gave  6*94  grs.  sulphate  of  ba- 
rytesssl-90  sulphurous  a^d. 

8*11  grs*  salt  gave  1*29  grs.  water. 

CSentesimally  represented^— 

Theory.  Found. 

1  eq.  Sulphurous  acid  .    .      10i*l7  28-19  27*98 

1  ...  Oxide  of  cadmium   .     79G77  55*99 

2  Water                       224-96  j  VR3  15*90 

1422*90  lOUOU 

Formula,  CdO,  SO,+2aq. 

It  is  oxidized  very  slowly  when  exposed  to  the  air  in  a  dry 
state ;  is  sparingly  soluble  in  water,  and  readily  dissolved  by 
dilute  acids.  I  nave  not  formed  nuv  double  salts  with  the  sul- 

FAU.  Mag.  S.  3.  YoL  30.  No.  203.  June  18i7.       2  F 
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phite  of  radmium.  Dr.  Rainmeliberg  analyted  a  salt  which 
gave  him  the  annexed  formula, — 

2(CdO,  S0a)-fNH8. 

Su/phites  of  Copper, — ^The  brilliant  red  salt  which  is  formed 
cither  hy  boiling  together  solutions  of  sulphate  of  ropper  and 
sulphite  of  amnionin,  or  j)assing  s'llphurous  acid  into  water, 
holding  in  suspension  oxide  of  copper,  was  first  analysed  by 
Chevreul^  whose  numbers  agree  with  the  formula— 

'    3Cu,0, 4S03  +  5aq. 

I  gave  the  aonezed  formula  for  this  9a\tf* — 

Cii,0,  SO«+aq. 

Bottingerf  analysed  the  csompound  after  me,  and  his  results 
favour  the  fonnma — 

SCujO,  4SOaH-4aq. 

Rammelsberg  however  has  stated  that  the  salt  is  a  double 
one^  and  constituted  as  follows : — 

CuO,  80,-f  Cu,0,  SO^  +  Saq. 

I  have  reprepared  the  red  salt  by  passing  a  stream  of  sul- 
phurous acid  into  water  containing  pure  oxide  of  copper. 
When  the  whole  had  dissolved,  the  liquid  was  boiled.  The 
red  compound  deposited  in  pretty  large  crystals,  which  were 
thrown  upon  a  filter  and  effused  with  cold  water  until  the  fil- 
trate did  not  afford  the  iUghiegt  mildness  with  a  tolution  of 
chloride  of  barium.  They  were  then  dried  in  vacuo.  I  tested 
the  salt  for  sulphuric  add  before  submitting  it  to  analysis, 
and  found  traces  present,  even  ailer  taking  every  precaution* 

Anaiysn. 

I.   8*84  grs.  gave  9*30  BaO,  SOg^ 2*55  809^28*84 
11.    7-41  8-32  BaO,  SOa= 2*28  SO,=30-76 

III.  n-52      ...        7-11  BaO,SO!,=rl-95    80^  =  2090 

IV.  y-62  10-03  naO,S03=  2-759  S02=  28-68 
V.  18-47      ...      20-71  BaO,S08=5-69  SO2=:30-80 

I.  13-41  grs,  salt  with  PbOjCrOagave  1-38  HO=-10-29 

II.  11-13                      PbOjCrOg  ...  0-9/  110=  8-71 

111.10-74                    PbO,Cr03  ...  102HO=a  9-49 

>ro!in  of  the  above  per  cent. 
Sulphurous  acid    .    .    .  29*796 
Water     ......  9*196 

Base  or  loss   60708 

100-000 

*  Ann.  Chem.  uud  Pharm,,  bd.  1.  p.  265, 
t  Ibid.  bd.  li.  p.  412. 
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The  copper  has  also  been  detenDiDcd  in  the  salt  by  iiiy 
brother  f^eriek  and  myself. 

I'cr  ri'iit. 

F.  M.  6-94  grs.  salt  gave  4-7U  CuO=4-22  Cu^O  — (io  SO 
Dr.  M.  11«41    7*48  CiiO  =  6'72  CujO=58-88 

It  is  evident  from  the  preceding  results,  that  if  the  bane  of 
this  salt  bt  only  subojcide  of  copj^er,  its  constitutiou  may  be 
assumed  as  the  following, — 

CU5O,  SO^-f  aq. 

Dr.  Hamnielsberg  found  the  annexed  quantities  of  sulphurous 
acid, — 

S5-12  35-0(5  84-47, 
which  I  can  only  account  iur  by  his  salt  not  being  80  well 
washed  as  mine.  My  salt  dissolves  in  hydrochloric  acid,  al- 
lording  a  colourless  liquid,  and  when  a  weak  solution  of  pot- 
ash it  added  to  this,  a  white  precipitate  aubaides.  Y^w 
pruasiate  of  potash  givea  a  whitish  precipitate  in  the  acid  so- 
lution^ BolubU  in  an  excess  of  muriatic  acid.  When  the  red 
salt  is  placed  on  a  filter  and  affhsed  with  boiling  water  until 
the  filtrate  afifords  no  milkinesa  with  bafytes^  h&  of  its  aul* 
phuroua  add  ia  removed. 

7*37  gra.  gave  4*41  gn.  BaOj  SOj^  1*21  SOgsi  16*41  per  cent. 

Hiia  quantity  iavonra  the  formula"- 

2(CuA  HO)  SOa, 

Bottinger  states  in  his  paper,  That  by  long  boiling  with 
the  liquid  tiiia  salt  loeet  aulphnroua  add  and  becomes  lighter 
in  colour,  which  confirms  my  own  observation.  The  analy^ 
sis  of  such  a  predpitate  gave  me  66*60  per  cent*  of  Cu^U, 
which  will  account  for  the  varying  results  obtained  by  dif- 
ferent chemists  when  analysing  this  red  salf 

Sulphite  of  Copper  and  Soda. — When  rather  strong  solu- 
tion of  sulphate  of  roppcr  and  sulphite  of  soda  arc  mixed 
together  and  treated  with  absolute  alcohol,  a  dark  reddish- 
looking  liquid,  which  greatly  resembles  nitrobenzide,  sub- 
sides, and  it  tliis  be  collected  and  left  in  vacuo  for  some  time, 
fine  yellow  crystals  appear,  which  aller  washing  and  desicca- 
tion afforded  the  subjomed  results 

Ptr  eent. 

16-40  gfa.  salt  gave  7*^7  gra.  HO  =44*32 

15-17    1-81       CuO  =l'G'2CuaO=lO-G7 

6'IS    5-44       BaOt  IS^9S8l'49SO,  ^^'30 

These  namben  agree  very  dosely  with  the  formula— 

Cufi,  SO^+5(NaO^  SO3)  +88aq; 

if  fbm  was  no  nnoombined  ndphite  of  soda  present. 
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Represented  per  cent*— 

Tlieory.  Found. 

1  eq.  Suboxiflo  of  copper  891-39  9-3'6  10*67 
6  ...  Sul])lHiroiis  acid    .    2407-02       25-62  24*44 

5  ...  Soda   1934*50       20  52 

38  ...  Water   4274*24      44-50  44*32 

9527*15  100-00 

This  salt,  when  heated  in  a  test-tube,  first  gives  off  large  quan- 
tities of  w'ltcr,  then  sulphurous  acid,  and  the  residue  ronsistci 
principiilly  of  sulphates  of  copper  and  soda>  yrith  traces  of 
sulphur,  ^c. 

Sulphite  of  Copper  and  Ammonia. — 1  mixed  a  solution  of 
sulphate  of  copper  w  ith  a  large  excess  of  sulphite  of  am- 
monia, then  put  the  mixture  into  a  long  wide  tube  containing 
a  thermometer,  and  applied  heat.   I  removed  the  solution 

from  the  sand  bath  at  136^  F.^  because  at  this  temperature 
silvery-looking  flakes  began  to  deposit,  which  powerfully  re- 
fracted the  li^ht.  In  a  short  time  a  large  quantity  of  a 
shining  compound  had  separated,  which  when  dried  over 
sulphuric  acid  and  submitted  to  analysis  gave  the  annexed 
results : — 

^-690  grs.  salt  gave  10-73  sulphate  of  baiyte8H2*952  gra- 
sulphurous  acids33'97  per  cent. 

As  these  numbers  agreed  so  closely  with  Bottinger^s  for> 
mula*,— 

2(Cu,0,  SO,)+NH«0»  S0ft-»>3aq, 

I  thought  further  determinations  unnecessary.  When  this 
compound  is  heated  with  water,  it  is  decomposed  and  the  red 
gritty  salt  separates.  Great  care  is  required  in  the  prepara- 
tion of  this  sulphite,  for  it  is  difficult  to  prevent  some  of  the 
red  salt  depositing  with  it.  The  best  way  to  obtain  it  in  large 
quantities,  is  to  heat  slightly  a  strong  solution  of  sulphate  of 
copper  with  an  excess  of  bisulphite  of  ammonia,  then  cork 
the  \  essel  and  allow  the  mixture  to  remain  undisturbed  for 
some  days. 

All  the  sulphurous  acid  for  my  experiments  was  obtained 
by  the  deoxidatiou  of  sulphuric  acid  by  means  of  metallic 
copper, — 

2SO3 + Cu«CuO,  S0» + S0«. 

*  Liebig's  Annalen,  bd.  li.  p.  41J. 
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LXIV.    Analysis  of  the  Bohemian  Gktss  as  fomid  in  the 
Combustion  Tubes  employed  tis  Organic  AmUffsis,  By  Mr. 

T1IOMA8  ROWNEY*. 

I  ^HE  difficultly  fusible  variety  of  Bohemian  glass  has  been 
A  repeatedly  the  subject  of  chemical  investigation.  We  are 
indebted  to  Rerthiert*  Dumas  J,  Gras§,  and  lately  Peligot* 
for  an  analysis  of  this  oul):^tance.  The  glass  analysed  by  these 
chemists  was  of  the  kind  usually  employed  in  the  manufac* 
ture  of  Bohemian  goblets,  an  art  in  which  Bohemia  has  ex- 
celled for  centuries. 

It  appeared  deatcable  to  compare  with  the  results  of  these 
analyses  the  composition  of  the  glass  which  is  used  for  the 
conibustion  of  organic  substances,  and  which  likewise  is 
chiefly  manufactured  in  Bohemia.  The  properties  most  valued 
in  this  variety  of  glass  arc  essentially  diUlrcnt  from  those 
sought  for  ill  other  kinds,  and  it  was  to  be  expected  that  this 
material,  which  has  so  gro-\tly  contributed  to  the  jjrogress  of 
organic  chemistry',  and  upon  which  the  German  mannfac- 
«  turers  have  ut  late  bestowed  so  much  attention,  would  also 

show  some  marked  peculiarity  of  composition. 

The  following  analysis  was  made  in  the  laboratory  of  the 
Roydl  College  a£  Chemistry.  The  glass  was  sdected  nom  the 
stock  of  thelaboratory,  recently  imported  from  Qermany,  and 
which  numerous  trials  had  proved  to  be  of  ficsl-fate  quality* 
The  tubesy  though  perfectly  tractable  in  an  energetic  blow- 
pipe flame,  scarcely  altered  their  form  during  the  longest 
combustion  in  a  strong  charcoal  tire :  they  never  cracked 
during  the  process,  even  on  suddenly  increasin2'  the  tempe- 
rature, and  not  niicuiiiinuuly  the  same  tube  couid  be  em- 
ployed repeatedly  in  analysis. 

A  careful  quahtative  examination  of  the  specimen  having 
proved  the  pesenoe  of  silicic  add,  lime,  sesquioxide  of  iron, 
alnmina,  oxide  of  manganese,  magnesia,  soda  and  potassa,  the 
quantitative  determination  was  proceeded  wilb. 

a,  Deiermmaiion  qf  SUicie  Aeid» 
The  finely-*powdered  glass  was  iffnited  with  carbonate  o£ 
aod^  treated  with  hydrochloric  acid  in  excess,  evaporated  to 
drjnMSS,  once  more  ignited  and  digested  with  hydrochloric 
add,  after  which  all  the  silicic  acid  remained  insoluble ;  it 
was  collected  on  a  filter,  washed,  ignited  and  weighed. 
I.  2-18*JO  grms.  of  glass  gave  1*5940  grm.  silicic  acid. 
II.  2*12b4  grms.  of  glass  gave  1*5628  grm.  silicic  acid. 

«  CoouBiiiiictted  by  the  Chemical  Sodetri  hATini  been  read  Dec.  Stl, 
1846. 

f  Gmeliii'ii  HmMudk,  vol.  &  3S6. 

I  Diimi*  TVmH    CIMt,  VOL  iL  598.  i  ibid. 
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The  acid  filtrate  firom  the  olieic  add  waa  neatraBzed  by 
ammonia,  then  slightly  acidulated  ^th  acetic  add  and  pre* 
cipitated  by  oxalate  of  ammonia,  and  the  oxalate  of  lime  cod- 
verted  into  carbonate  in  the  iiaual  manner. 

I.  2*1890  grms.  of  ghaa  gave  0*4808  gnn*  of  carbooata  of 
lime. 

TI.  2*1264  grma.  of  glaaa  gave  0^5843  grm.  of  eaibooate  of 

lime* 

To  tlie  liquid  filtered  from  the  precipitate  of  oxalate  of  lime 
{b.),  containing  a  larp:e  quantity  of  chloride  of  ammonium,  am- 
monia was  added  in  excess,  by  which  alumiua  and  sesqui- 
oxide  of  iron  were  precipitated  and  the  oxide  of  manganeae 
and  magnesia  were  retamed  in  aolution.  The  joint  predplh 
tate  of  alumina  and  aesqnioxide  of  uon  waa  collected^  washed, 
ignited  and  weighed;  then  dissolved  in  hydrochloric  acid  and 
wown  down  with  potassa,  which  kept  the  alumina  in  solu* 
tion.  The  precipitate  of  sesquioxide  of  iron  (thus  obtained), 
once  more  dissolved  in  hydrochloric  acid  and  reprccipitated  by 
ammonia,  was  now  collected,  ignited  and  wcin*Hed  ;  the  differ- 
ence in  the  amoimt  of  the  two  weighings  gave  the  amount 
of  the  alumina  thus: — 

2*1890  grms.  of  glass  prave  0*0096  grm.  of  mixed  oxides 
aiul  ()  <)029  grm.  of  sesquioxidc  ut  iron  j  the  difierence,  O'UObJ 
grm.^  is  the  amount  of  alumina. 

d*  Determmatum  qf  Omde  qf  Mtnganmm 

This  oxide  waa  thrown  down  br  carbonate  of  epda  aa  car- 
bonate of  manganese,  from  the  filtrate^  sepaiated  from  the 
oxide  of  iron  and  alumina  (c.) ;  the  precipitate  waa  washed, 
dried,  ignited,  and  calculated  as  the  oompoundoaddeaiid  aaa- 

quioxide  of  manganese  (MngO^). 

I.  2*1890  grms.  of  glass  gave  0*0114  grm*  of  the  above- 
named  double  oxide. 

IL  2*1284  grms.  of  gkss  gave  0*0160  gmu  of  the  double 
oxide« 

e.  Determimtion  oj  the  Magnuia, 

The  filtrate  from  the  carbonate  of  manganese  (rf.)  was  pre- 
cipitated by  pliosphatc  of  soda ;  the  phosphate  of  magnesia 
and  ammonia  \\  as  washed,  dried,  ignited  and  weighed  as  pyro- 
phosphate of  magnesia. 

I.  2*1890  grms.  of  glass  gave  0'U127  grm.  of  pyrophosphate 
of  magnesia. 
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II.  2*1284  grms  of  gliM  gave  0^01^17  gnn.  of  pyrophos^ 
phalo  of  nMignetia. 

/.  DetermbuUion  of  the  AlkaHei. 

To  determine  the  amount  of  the  alkaUcs,  a  portion  of  the 
glass  was  fused  with  hydrate  of  baryta ;  the  fused  mass  was 
ojgested  in  bydrochUinc  add,  evapoxated  to  dsrjmn  and 
ignited,  the  residue  again  digei^  in  hydrodblone  aeid»  and 
then  filteied  from  the  insoluble  silieie  fldd«  Carbonate  omT 
ammonia  was  then  added  to  the  filtrate^  to  separate  the  alumina, 
sesquioxide  of  iron,  baryta  and  lime ;  the  solution  filtered 
from  the  precipitate  wns  evnporntefl  to  dryness  and  ignited, 
to  drive  off  the  amniotiiac  al  ^alts,  and  the  magnesia  separated 
by  means  of  baryta;  the  excess  of  baryta  was  separated  by 
means  of  carbonate  of  ammonia,  and  filtered.  The  filtrate, 
evaporated  lo  diyncsa  and  ignited,  yielded  llic  mixed  chlo- 
rides of  the  alkaline  metals ;  thev  were  dissolved  in  water, 
bichloride  of  platinum  added,  and  the  solution  evaporated  to 
dryness  on  a  water-bath  $  the  residue  was  digested  in  strong 
alcohol,  M'hea  the  potassio-chloride  of  platinum  remained  un- 
dissolved ;  it  was  collected  on  a  weighed  filter,  washed  with 
alcohol,  and  dried  in  a  water-bath  until  it  ceased  to  lose 
weight.  The  filtrntr  from  tlie  potassio-chloride  of  platinum 
was  evaporated  to  dryness,  and,  after  the  addition  of  some 
oxalic  acid  to  the  residue,  ignited  till  it  was  completely  de- 
composed ;  the  residue  was  digested  iu  water,  filtered,  and  the 
filtrate  evaporated  to  dryness  in  a  weighed  capsule  j  its  iu- 
CMse  in  weight  gave  the  quantity  of  eUorida  m  sodinm. 

1*5645  grm.  of  glass  gave  0*9S90  groi.  of  potassio«chtoiid» 
of  platinum,  and  0*0905  grm.  of  chloride  of  sodium. 

From  tfae*results  enumerated,  the  calculated  per^^entige  is 
as  IbUowsi^ 


I. 

II. 

Mean. 

.  72-84 

73-42 

73-13 

.  10-75 

10*11 

10*43 

0-30 

•  •• 

0-30 

j^nNDua  at  iron  •  •  < 

0*13 

0*18 

0*21 

0*30 

0*26 

Protoiide  of  naqganeac 

►  0-37 

0*54 

0*46 

»  307 

3-07 

.  11*49 

11*49 

99*16 

99*27 

The  amount  of  oxygen  in  the  bases  stands  to  the  amount 
of  oxygen  in  the  silicic  add  nearly  as  1 : 6. 

From  the  precedinp;  analysis,  it  results  that  the  composition 
of  the  glass  for  combustion-tubes  does  not  ditier  very  much 
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from  the  mateml  employed  in  goblets,  as  may  be  seen  from 
Uie  following  comparison  with  the  lesults  of  the  chenuBta 
formerly  named 

Ikrtliier.  Damas.  Gras.  PcHfjoU 

Silicic  acid    .    .    .    717  69*4  71-6  76 

Lime    •    .    .    4   .    103  9-2  lOO  8 

Alumina  .   •   •  «     0*4  9*6  2-2  1 

Sesquiozide  of  iron  •     0*3  3*9 

Oxide  of  manganese     0*2  0*2 

Magnesia  •   •   •   •     *..  2*3 

Soda    »   «   •   *   •     2*5  •••  ••• 

Potassa    .   •   .  .   m  n/S  n-o  15 

98*1  iOOO  101  2  100 

In  one  of  the  last  numbers  of  Dr.  Otto's  German  trans- 
lation  of  Professor  Graham's  Elements  of  Chcmistrv,  re- 
cently  pnblished.  I  find  tho  nnalysis  of  a  combustion-tube 
enumerated,  performed  in  the  laboratory  of  Dr.  Otto,  which 
has  not  yet  been  published  in  the  Journals.  He  obtained 
the  following  results : — 

Silicic  acid    .    »    •    •  74*0 

Lime   7*2 

Alumina    .    .  . 
Sesquioxide  of  iron 

Potassa  18-5 

loo-u 

The  oxygen  in  the  bases  of  this  glass  stands  to  the  oxygen 
iu  the  silicic  acid  likewise  as  1 :  (3.  JSoda  is  entirely  absent^ 
and  completely  replaced  by  potassa*  The  pres^iee  however 
of  a  small  amount  of  soda  does  not  seem  to  be  usurious  to 
the  glass. 


LXV.  On  a  Generalization  of  a  Theorem  of  Euler  t)i  iijvi^ 
ence  to  iite  Products  of  the  Sums  of  Squares,  By  3,  R.Young, 
Professor  of  MatkewuUia  in  Bdfiui  Collie*, 

Tin"  recent  researches  of  Sir  W.  R.  Hanuiton,  of  Profes- 
suib  Graves  and  De  Morgan,  and  of  Messrs,  J.  T.  Graves 
and  Cayley,  in  reference  to  tlie  new  analytical  theory  ul  una- 
mtiary  qiiantitiei»,  have  revived  nltention  lo  Euler's  theorem, 
tnat  tne  sum  of  four  squares  multiplied  by  the  sum  of  four 
squares  produces  the  sum  of  lour  squares ;  to  which  theorem 
an  extension  was  given  by  Lagrange,  by  the  introduction  of 
coefficients  into  the  component  squares. 
These  recent  researeiies  have  si^ggested  the  inquiry  as  to 

•  Communkated  bf  the  Author. 
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whether  or  not  the  theorem  admits  of  generelizatton;  and  in 
the  Philosophical  Magozinefor  April  1845,  Mr.  J*  T«  GniTes 
announoed  that  he  had  arrived  at  the  troth  that "  the  product 
of  two  sums  of  eight  squares  is  a  sum  of  eight  squares;"  but 

adds,  that  "  the  full  stnteinent  and  proof  of  the  theorem  must 
be  reserved  for  another  time."  1  have  nnxiously  inquired  nt 
every  likt-ly  source  of  information  to  which  I  }»ave  access,  lor 
the  publication  of  this  proof;  and  am  di^pdsed  to  conclude, 
froiu  iUe  result,  that  such  pubUcuiiuu  hus  not  yet  been  fur- 
Dished. 

I  have  been  thus  led  to  enter  Into  an  Indefiendent  investi- 
gation of  the  subject;  and  find  that  the  theorem  holds  not 
only  for  four  and  eigh^  but  also  for  sixteen,  and  indeed  for 

any  number  of  squares  expressed  by  an  integral  power  of  2. 
Thii  investigation  I  profiose  to  forward  to  the  British  Asso- 
ciation, at  its  meeting  in  June,  provided  I  be  assured  that  I 
have  not  been  anticipated  in  the  generalization  here  announced. 
By  thus  anudiu<^  to  the  results  at  which  I  have  arrived,  in 
the  pages  of  this  Journal,  i  bhall  alUnd  timely  opportunity 
for  the  iuformatiou  being  communicated  to  me,  if  the  above- 
mentiuiied  cxlciiaiuii  of  Euler's  theorem  hu:i  ever  ub  yel  been 
published. 

The  notation  in  which  the  snborduiate  theorems  and  the 
general  theorem  is  announced  is  this,  vub 

and  generally 

s„(a}xSjn')=5„(o'^, 

where  n  is  any  interrral  positive  power  of  2. 

The  theorem  iu  lds  too  when  certain  coefficients  are  iniro* 
duced;  thui»,  lukiug  eight  >(jijares,  it  is  true  that 

And  also  that 

X  {s*^  +  at'^  -j-  fit      +  «V*  +  a  hi/-  +  a  V-^  +  a"^' ^  -f  tx"^'*) 

And  the  same  has  place  for  any  number  of  squares  expressed 
by  a  power  of 
BsUktt,  May  0, 1847. 
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LXVI.  On  a  Method fttr  the  Jnal^sis  of  Bodies  containing 

Nitric  Acid,  and  its  application  to  Explotioe  Cotton, 

A  T  the  firit  meeting  of  the  present  SessioD  of  tlie  PhHoiO- 
phtcal  Society,  I  gave  an  aoooant  of  some  experimental  in- 
quiries into  the  nature  of  gun-cotton,  a  body  whose  composition 
was  then  little  known.  I  had  at  that  time  chiefly  occupied  my- 
self with  its  nitrous  contents,  and  described  n  method  by  which 
some  npproximntion  could  be  made  to  a  quantitative  result  for 
nitric  aciil.  On  resumiiiL'  the  subject,  I  found  that  nuich  was 
wanting  to  render  the  method  a  rigorously  accurate  uae;  and 
I  shall  now  relate  what  I  have  since  done  to  simplify  and 
complete  it.  1  shall  first,  however,  give  an  account  of  its 
aj^plication  to  nitrate  of  ^tashy-^a  body  of  known  composi- 
tion, and  easily  obtained  in  a  state  of  purity,— to  which  1  had 
recourse  as  a  means  of  proving  the  accnracy  of  the  method, 
and  detecting  any  fallacy  to  which  it  flight  be  liable. 

Nitric  Acid  in  Nitrate  of  Potash. — The  salt  1  employed 
was  purified  bv  repeated  crystallization,  nnd  fused  nt  little  more 
than  its  melting  heat.  A  glass  jar,  cii^lit  inches  long  and  an 
inch  and  a  quarter  in  diameter,  is  filled  with,  nnd  inverted 
over  mercury.  A  single  lump  of  the  fused  nitrate,  weighing 
about  six  grains,  is  let  up  into  it,  and  afterwards  fifty  grains 
of  waten  As  soon  as  the  nitrate  is  di^solvedt  125  grams  of 
sulphuric  acid,  ascertained  to  be  free  from  nitric  acid,  are 
added.  By  the  action  of  tlie  mercury  upon  the  liberated  nitric 
acid,  deutoxide  of  nitrogen  soon  begins  to  be  evolved,  and 
usually  in  about  two  hours,  without  the  application  of  heat, 
the  whole  of  the  nitric  acid  is  converted  into  that  fras.  Occa- 
sional agitation  is  necessary,  and  it  is  easily  performed  by 
j^iving  a  jerking  horizontal  motion  to  the  U[)pi  i"  part  of  thejar. 
Jfhe  buiiace  of  the  sulphuric  acid  is  then  marked,  and  three- 
fourths  of  a  cubic  inch  of  solution  of  sulphate  of  iron,  recently 
boiledf  let  up  into  the  jar.  The  gas  is  ropidlv  absorlied,  ex- 
cept a  small  portion  at  last,  which  must  be  left  several  hours 
to  the  action  of  the  solution,  or  be  well  agitated  in  a  smaller 
tube  with  a  fresh  portion  of  it.  No  correction  of  the  nitric 
oxide  has  to  be  made  for  moisture ;  for  the  mixture  of  acid  and 
water  which  I  employed,  as  I  ascertained  by  direct  experiment, 
has  no  perceptible  force  of  vapour.    In  one  experiment,  - 

S*4-()  grains  nitrate  of  potash  yielded 

4*975  cubic  inches  ol  gas,  at  GO  i  ahr.,  ami  bur.  30  uiche». 
The  residue  not  absorbable  by  sulphate  of  iron,  was 

*  Rvnd  hclorc  thr  1'hi!osopliicHlSociet|' of  Glasgow, April  14, 1847«aa<l 

couiniunu'utcd  by  tiic  Auihor. 
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0*015  cubic  inch  ;  leoving 

1--96  cubic  iiiches  of  DlUifl  Oiudo  Bi*59i  gnuiW  NOd  aod 

which  correspond  to 

2'8f>9  prs.  nitric ncid, or  53'  1  per  cent.  (^f  iliofiitrateoipoLabli. 
\      consecutive  exp^iments  niacic  lu  ihii»  man oer yielded — 

5S18 

5S-14 

53-73 

53*S9 

Mean  ....  68'S2 
or  leavinff  out  the  third  experiment,  53"  19. 

ThecaicuhUed  per-centa^e  of  nitric  acid  in  nitrate  ot  potash, 
the  acid  being  represented  by  6*75»  and  the  potash  by  S'fid^^^ 
is  5S-36* 

In  order  lurther  to  dciet  mine  whether  die  presence  oforganic 
matter  wotdd  interfere  with  the  liberation  of  the  nitric  oxide, 
the  axperimttit  was  repeated  with  the  additkm  of  three  grains 
of  cotton  woolf  which  was  fint  dissolved  in  the  sulphuric  add ; 
the  result  was  58*84« 

Other  nitrates  are  analysed  in  the  same  manner*  For  salts 
in  powden  which  it  ia  difficult  to  pass  through  mercarv  with- 
out loss,  I  cut  a  quarter-inch  glass  tube  into  little  cylinders 
for  them,  of  half  an  incli  Jf>'ig»  and  close  up  the  ends  with 
thin  paper  fastened  with  gum.  In  the  analysis  of  numerous 
samples  of  crude  nitraies,  the  residue,  which  is  azote,  may  be 
taken  as  a  consunt  ^iKiniiiy,  and  the  jar  graduated  in  such  a 
manner  that  the  volume  of  gas  may  be  read  off  at  once  ^.a  the 
per-ceutage  of  nitric  acid. 

Pnparatim  Gun-CoUon^Th^  cotton  I  employed  was 
fine  Sea  Island.  It  was  first  thoroughly  carded»  and  then 
bleached,  by  boiling  in  caustic  sodSf  and  steeping  in  solution 
of  bleaching  powder ;  then  caustic  soda  again,  and  afterwards 
weak  nitric  acid.  It  was  well  washed  and  beaten  in  a  bag 
with  water  after  each  operation.  When  burnt,  10,000  parts 
left  9  of  ashes.    It  was  considered  to  be  lignine,  iienrly  pure. 

The  cotton,  dried  and  carded  after  bleacfiing,  was  exposed 
in  parcels  of  10  grains  each,  for  several  hours,  to  the  heat  of 
a  steam-bath,  and  each  parcel  was  nnmersed,  whiie  hot,  in  an 
ounce  measure  of  the  iuiiowing  mixture:—* 

One  measure  sulplmric  acid,  spec,  grav.,  1*840* 

Three  measures  of  pale  lemon^loured  nitric  add*  of  1  '517* 

After'oiie  hoar  it  waa  washed  in  successive  portions  of  water» 

till  no  trace  of  acid  remained,  and  dried  in  the  open  air. 

•  Bjr  Thom  m \\\  oaoiNrs  the  per-eeatife  of  aitric  sdd  ia  nitre  it  60^; 
by  fieraelh»»  63-44. 
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80  grs.  of  bleached  cotton  wool,  dried  at  65^  F.»  became, 
after  being  some  hours  in  a  steam  bath, 
28*32  grs.,  and  lost,  therefore*  5*6  per  cent»  of  water.  It 

increased  to 

51*08  grs.  when  made  iniogun-cottonj  and  diied  in  the  open 
air. 

Dried  further  in  vacuo,  over  sulphuric  ncitl,  it  was  reduced  to 

50*40  crs.,  and  lost  therefore  1*33  per  cent,  of  water. 

100  ordry  cotton  produced  177*9  of  dry  gun-cotton. 

The  gun-cotton  thus  prepared  is  whiter^  but  less  transparent, 
than  the  origbal  bleached  wool.  It  appears  to  be  little  liable 
to  change,  but  a  slight  elevation  of  temperature  causes  a  com- 
mencement of  decomposition,  and  the  colour  becomes  more 
or  less  brown.  It  is  much  less  tenacious  than  cotton  wool. 
Dissolved  in  nitric  acid,  and  tested  with  chloride  of  barium, 
it  gives  no  iiidicntion  of  sulphuric  acid. 

The  inert  nse  of  weight  above  stated  is  the  ^rerttest  I  have 
been  able  to  obuiiii ;  and  1  had  completed  its  analysis  in  the 
manner  I  shall  describe,  when  I  found  reason  to  believe  that 
it  still  oont^ned  a  portion  of  unaltered  cotton.  With  a  view 
to  saturate  that  portion,  it  was  immersed  a  second  time^  and 
for  twenty-four  nours^  in  the  same  mixture  of  acids,  but  with* 
out  yieldmg  any  greater  quantity  of  nitric  acid. 

An  immersion  of  one  hour  in  nitric  acid  alone  gave  a  better 
result.  It  lost  in  weight  by  this  second  process  0*47  per  cent. 
It  was  little  altered  in  nppearnnce,  but  after  being  dried  in  the 
open  air,  it  lost  in  the  air-pump  only  0'G9  per  cent.,  instead 
of  rS3,  as  in  the  former  case.  It  is  this  substance  of  which  I 
shall  now  relate  the  analysis. 

Ashes  in  Gun-Cotton, — Sixteen  gruiua  of  gun-cotton  were 
dissolved  in  nitric  acid.  The  solution  being  evaporated  by 
degrees,  and  burnt  to  ashes,  left  0H)S5  gr«  of  a  reddish  ash, 
or  O'SS  per  cent. 

Nitric  Acid  in  Gun-Cot  (on, — In  this  process  the  same  a|>- 
paratns  is  employed  as  for  nitrate  of  potash.  About  6  graina 
of  the  gun-cotton,  containing  a  known  quantity  of  water,  is 
coUecleci  into  n  bnll — squeezed  bctw*ecn  the  finger  and  thumb 
to  free  it  as  inucii  as  possible  from  air — and  let  np  into  the 
jar,  over  the  mercurial  trough.  125  grains  of  sulphuric  acid 
are  atUlcd  to  it.  Nitric  acid  is  iiberaled,  and,  being  acted 
upon  by  the  mercury,  produces  nitric  oxide.  After  one  hour, 
when  about  three-fourths  of  the  whole  gas  has  been  evolvent 
and  the  mm-cotton  is  entirely  dissolfed,  50  grains  of  water 
are  addeo.  In  another  hour  the  increase  of  gas  ceases;  in  a 
lew  hours  more  its  boundary  is  noted,  then  treated  with  sul- 
phate of  iron^  and  the  rendue  measured*  It  consists  of  aaoto 


Digrtized  by  Google 


Mr.  W*  Crum  on  the  CmposUim  of  Gun-CoiioH,  429 


from  the  oommon  air  introduced  with  the  gnn-cotton,  and  a 
miimte  portion  alsoi  which  is  always  aeciuentally  entangled 
bHween  the  mercary  and  the  glass.   Its  oxygen  is  absorbed 
by  the  mercniy,  when  in  the  state  of  nitrous  acid. 
In  one  experiment — 

6*02^.  of  gan- cotton— 5'978»  after  being  dried  over 
sulphuric  acid  in  vacuOy  nn(l  = 

5*961-  grs.,  after  deducting  a.shes,  produced 

5*513  cubic  inches  of  gas,  bar.  30  in.,  therm.  60%  of  which 

0*08  was  left  by  sulphate  of  iron. 

5'4S3  cubic  inches,  therefore,  were  deutoxidc  of  nitrogen,  = 

1*746  grs.  NOg,  which  represent 

3*143  grs.  of  nitric  acid,  or  52*70  per  cent. 
Another  experiment  gave  58*^  per  cent. 

The  gttn>cotton  prepared  by  a  single  immersion  gave  only- 
51*42  per  cent  of  nitric  acid. 

Carmm  in  Gun-Cottmu — Having  failed  to  obtain  good  results 
by  burning  this  substance  with  oxideof  copper,  I  use<l  chromate 
of  lead,  precipitated  from  the  nitrate,  and  heated  to  redness. 
I  employed  tor  the  combustion  an  apparatus  which  1  used 
many  years  ago  for  the  nnnlysis  of  indigo,  and  1  slili  find  it 
very  convenient  for  substances  which  do  not  require  a  strong 
red  heat.  It  consists  of  a  tube  of  hard  glass,  eiglit  inches  long 
and  three-eighths  ut  an  inch  in  diameter;  the  gases  from  which 
are  led  by  a  small  bent  tube  under  the  receiver  in  a  mercurial 
troii^. 

1  inch  at  the  closed  end  of  the  tube  is  filled  with  8  graim 
chlorate  of  potash,  ground  with  chromate  of  lead. 
4}  inches  are  fillSi  with  chromate  of  lead,  among  which  is 

ground  to  powder  3  grains  of  the  gun-cotton. 

1  j  inch  contains  chromate  of  lead  that  has  been  used  to  wash 

out  the  mortar. 

A  glass  plug  separates  tliese  materials  from  the  perforated 
cork  which  joins  the  two  tubes.  The  materials  are  crmdually 
heated  with  broad- wicked  spirit-lamps.  Carbonic  acid  comes 
over,  iiiixid,  when  in  the  receiver,  with  nitric  oxide  and  the 
azote  ut  the  apparatus ;  and  when  all  the  gun-cotton  is  con- 
sumed, the  lamps  are  extended  to  the  chlorate  of  potash.  The 
oxygen  gas  thus  liberated^  which  in  other  cases  is  useful  to 
consume  carbonaceous  matter  that  may  have  escaped  the 
chromatey  expels  in  this  case  all  remains  of  carbonic  acid,  and 
passing  itselfinto  the  receiver,  mixes  therewith  the  nitric  oxides 
and  causes  its  entire  absorption  by  the  mercury.  Oxygen  and 
fizote  are  then  the  only  gases  left  along  with  the  carbonic  acid, 
and  ns  those  are  not  absorbable,  nii  addition  of  halt  n  ci!!)ic 
inch  of  solution  of  caustic  soda  indicates  exactly  the  quanuty 
pf  carbonic  acid  present. 
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In  one  eiperiment,  2*993  grs.  of  gun-cotton  (after  dedflCH^ 
ing  water  and  asLes)  ykld^il  7'952  cubic  iocbes  of  gMi  of 
wbich  5'7dS  was  carbonic  acid, » 0*739  gn.  carboDf  or 

24-69  per  cent 
A  second  experiment  gave  25*1 6 

Mean  . .  •  24*92 

Elements  of  Water  in  Gun^CoUon. — To  burn  gun-cotton  for 
the  purpose  of  collecting  iu  oxygen  and  hydrogen  in  the  slate 
of  water,  I  ground  up  10  grains  of  it  witn  poraided  flin^  and 
used  the  combustion  tube  abready  describe^  having  attached 
to  it  a  chloride  of  calcium  tube,  and  afterwards  n  tube  with 
asbestos  moistened  with  sulphuric  acid .  But  along  with  water, 
ammonia  and  other  matters  were  obtained,  which  destroyed 
the  result  I  next  used  a  thin  glass  tube  of  a  foot  and  a  half 
long,  bent  so  that  a  foot  in  tlie  middle  of  it  could  dip  into 
cold  water.  Such  \vau_'r  as  would  condense  at  65^  Falir.  was 
coliecleil.  Tiie  gas  w  as  led  dn  oiil;Ii  it  into  a  nicrcuriai  trough, 
and  measured.  A  liace  ol  cj,  aiic)n;en  appenrtil  in  die  last  por- 
tions of  gas,  while  the  oxygen  Iruiii  liic  cMorale  of  polash  was 
burning  a  quantity  of  charcoal  thai  had  escaped  the  nitric 

acid. 

After  the  experimenty  the  refrigerating  tube  was  fonnd 
studded  with  hu'ge  crystals  of  bicarbonate  w  ammonia*  It  ood- 
tained  very  little  water  in  the  liquid  state.  The  crystals  and 
the  liquid  were  washed  out  with  more  water,  converted  it: to 
muriate  of  ammonia,  and  found  to  contain  0*675  gr.  NH^ 
2CO2,  the  hydrogen  of  which  represents 
0'299  gr.  of  wntcr.  There  were  besides 
2*025  grs.  water  in  tlie  tnbe.    In  the  *2'2  incli^s  of  gas  which 

were  obtained,  assuming  it  to  be  saturated  with  moisture, 

which  is  doubtful,  there  was 
O  Vbb  gr.  of  water — making  in  all 

2*412,  from  which  must  be  deducted 
0*160  gr.  hygrometric  water  in  die  gun-cotton  and  In  the 
flint,  learing 

M58  tor  the  water  in  9*92  grs.  of  dry  gun*coltoa  or  tirlO 
per  cent. 

In  a  second  experiment,  where  the  only  difiereoce  was  in 
hnviog  moistened  cotton  for  the  gae  to  pass  through  before 
entering  the  mercurial  trough,  the  water  obtained  only  amoqnt> 
ed  to  20*61  per  cent.  I  did  notproc^  further.   These  were 

the  two  last  of  a  number  of  experiments,  and  the  determina- 
tions of  nitric  acid  and  carbon  nre  so  much  more  satisfac- 
tory, that  1  prefer  resting  the  Nvatur  contents  upon  their  results. 
Purified  cottou  wool  ^iiguine)  in  composed  of  O^^ 
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During  its  transformation  into  gun-cotton,  tliere  is  no  indica- 
lion  ot  chaof^^c  in  ilie  proportions  of  its  oxygen  and  hydrogen. 
The  difference,  iliLi  i  toi  i.',  between  the  wei<jlit  of  the  substafice 
employed  and  lIku  vi'  the  nitric  acid  and  carbun  lound  by 
experiment,  is  ux^gen  aud  hydrogen  ia  Uie  proportions  whidn 
form  water. 

The  experimeiiU  I  have  related  give  the  following  for  the 
composition  of  gun^ootton: — 

52*69  nitric  acid^ 
84*98  carbon,  and  leaire 
9i*S9  for  the  elements  of  water, 

100-00 

TheM  nunben  are  nearly  in  the  proportion*  of  18C,  7H0^ 
SNO5. 

Foiincf.  Calculated. 

52-69  52-69  =  3 

24-92  23*41  =1^C. 

22*^^  20-49ai7|iO.  , 

100*00  96*59 
Leaving  a  remainder  of  3*41  per  cent^  consisting  of  1*51 
carbon,  and  1*90  water.    These  however,  are  nearly  the 
proportions  which  form  lignine 

Found.  Calculated. 

1-51  1-51  =  12C     \    y  . 

1-90  1  -88  =  1 OT 10  jf  ^ "K"^"* 

Gun-cotton,  from  the  tbrm  ni  which  it  is  produced,  is  not 
one  of  those  subsiauces  we  can  expect  to  obtain  in  a^)^(>lute 
purity.  Every  previous  improvement  in  its  preparaiiuii  had 
diminii^hed  this  excess  of  unaltered  cotton,  and  I  had  no  reason 
to  suppose  the  lastjportion  perfect,  considering  the  difficalty 
with  which  some  of  the  previous  stages  of  improvement  had 
been  attained. 

The  specimen  I  havethus  examined  consists,  therefore^  of— 
96-59  gun-cotton  fl2C,  7H,  70,  SNOJ. 
ti'ii  lignine  (12C,  iOH,  lOO). 

lOODO 

And  pare  gon-eottoo  oonsbts  of— 

84*84-  18a  84'84:s  18C. 

81*81 »  7  HO.  8*S6a  7H. 

54*55»  dNOg^  14-14S  SN. 

  59*26  a880, 

J  0000 

100*00 

It  b  lignine  in  which  three  atoms  of  water  are  replaced  by  three 
•tomt  of  aitrio 


C  •ss  ] 

LXVil.  On  the  Conversion  of  Relief  by  Inverted  Vision.  Btf 
Sir  David  Brewiiteb,  K.H^  D.aL^  KKS^and  y.l^.iUk 

TTNDER  the  name  Conversion  of  lielirf  an  expression  first 
^  iise(!  by  Mr.  Wheatstone,  1  incUule  all  those  ojnical 
illusion^  wIikIi  taku  place  in  the  vision  of  cameos  and  inta- 
glios, of  clcvatioiib  and  (lepressiuiis,  wliellier  they  are  produced 
w  ith  opakc  or  transpai  ciiL  bodies, — no  surfaces  with  or  without 
shadows, — in  reflected  or  transmitted  light, — while  using  one 
or  both  eyes, — or  by  erect  or  inverted  vbiom  In  these  wioas 
forms  of  the  phienomeoon,  the  illusion  b  modified  by  certain 
seoondary  causes^  which  were  regarded  both  by  Mr,  Wheat* 
•tonef  and  myself  J  as  primary  causes;  so  that  we  were  led 
awayt  each  in  a  different  direction*  from  the  right  padi  of 
innuiry. 

The  phenomenon  occurs  in  its  most  general  and  simple 
form,  when  it  is  produced  by  viewing  a  shadowless  depression, 
or  elevation,  xjiade  iji  nn  extended  siii'fncc,  through  an  invert- 
ing microscope,  or  the  inverting  eye-piece  of  a  telescope,  and 
at  an  angle  intermediate  between  0°  and  90°.  In  so  far  as  I 
know,  the  phacnomenon  has  never  been  tlius  limited,  and, 
coiJse<iuenlly,  no  explanation  oi  it  lias  ever  been  given.  That 
which  I  shall  now  submit  to  the  Society  is  capable  of  the  roost 
rigorous  demonstration ;  and  when  it  is  once  in  our  possession* 
we  can  have  no  difficult  in  recognising  the  secondary  causes 
which  increase  or  diminish  the  influence  of  the  primary  one^ 
and  which,  in  its  absence*  are  sometimes  the  inwiediate  cause 
of  the  illusion. 

Let  A*      1|  be  a  deep  spherical  concavi^*  and  A'*  fig.  S* 
Fig.  1.  Fig.  S» 


a  high  spherical  convexity  in  an  extended  liori/onlal  tabic 
M  N,  M'  >v .  and  let  them  be  shadowless,  or  illuminated  by  a 

*  Read  at  tlie  Royal  Socie^  of  Edinburgh,  May  6,  1844.   See  tb«ir 
IVsmactioii*,  vol.  xv.p.  667. 
t  P])IIo5ophical  TraniMtiont,  1896,  pp.  383,  384. 

I  EilinburghTransnctions,  vol.xv.  p.  3G5;  Edinbiu^Jbttnuicf  flcisaeSy 
vol.  iv.  p.  97  j  and  Letters  on  Natural  Magic,  p.  98. 
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quaquavertus  light,  like  that  of  the  sky.    If  the  obs^veff 

placed  nt  n  moderate  distance,  view  these  objects  in  the  di- 
rections E  A,  K'  A',  either  with  one  or  with  both  eyeH,  his 
accurate  appreciation  fjt  the  distances  E  A,  E'A',  will  prove 
to  iniii  iIki!  a  .1  ri:>i(:!!viti/f  and  A'  ki  cofivrrih/ ;  but  if  E  A, 
E'  A'  approacli  lu  ttjuuiiLv,  either  from  the  ilisLaiice  ut  the 
observer,  or  from  the  shallowness  of  A,  or  the  slight  elevatioa 
of  A\  he  will  cease  to  recognise  any  difference  in  uie  distances 
£  A|  £'  A'^  and  will  be  unable  to  tell  which  is  the  oonvexltyp 
and  which  the  concavity.  So  great,  indeedi  is  this  uncer- 
tainty, thai  from  causes  which  be  cannot  discover,  they  will 
sometimes  appear  convex  and  sometimes  concave.  In  this  in* 
determination  of  the  judgement,  a  touch  of  A,  A'  by  the  finger, 
or  the  introduction  of  a  shadow,  wiil  remove  or  confirm  the 
illusion,  whatever  it  may  he.  The  same  result  will  be  ol)iaiiied 
if  we  view  A  and  A'  vertically,  with  an  erect  or  iuvertmg  eye- 
piece. In  all  these  cases,  we  suppose  that  the  circular,  or 
rather  the  elliptical,  base  of  the  coiivexiLy  or  concavity  is  di- 
stinctly seen. 

Let  us  now  look  at  A,  A',  at  obliquities  varying  from  0^  lo 
9CP,  In  fig.  1  the  ctmemntu  A  will  have  an  elliptical  section 
at  alt  obliquities,  till,  at  90 ,  it  appears  a  straight  line ;  but  In 
the  caavexity  the  effect  is  very  different.  In  passing  from  0^ 
to  the  position  E',  fi|(.  2,  the  circular  section  of  A'  wiU  ap*< 
pear  an  ellipse ;  but  m  passing  from  £'  to  90^,  the  appear- 
ance of  A'  will  lose  all  resemblance  to  A.  When  the  eye  is 
at  r',  for  example,  the  siuiinilt  A'  of  the  convexity  \\\\\  cover 
the  pomt  a  of  the  table,  and  am  will  be  invisiildci  ami  near 
90°,  the  convexity  A  will  eclipse  the  \\  holesuriacc  ofthc  table 
m  M,  however  extended  it  may  be,  aiui  will  rise  above  u. 

Let  us  now  suppose  that  the  eye  at  E,  iig.  3,  views  the  con- 
cavttj  A  thfoogh  the  in-  ~  ■ 

verting  eye-piece  E  O  H« 
the  horiBHmlnl  table  11 N 
mnstobvioosly  be  inverted 
as  well  as  the  hollow  A; 
but  the  apparent  change^ 
produced  b}'  inversion,  is  "it 
vcrv  different  from  the 
real  cliantre.  The  surface  A 
M  N,  oiit  of  w  inch  A  i»  excavated,  and  upon  which  the  ob- 
servti  i(  a[i-,  and  rest^»  the  lower  end  I  I  of  his  invertinijf  eye- 
piece, appears  to  renuuii  where  it  was,  and  still  lo  lot)k  up- 
wardS|  in  place  of  appearing  inverted,  and  looking  downwards. 
When  he  strikes  the  table  with  the  end  H  of  the  eye-piece 
through  which  he  Iooks»  he  beliem  that  it  is  the  lower  end  of 
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the  field  of  view  that  strikes  the  table,  and  rests  upon  it.  With 
tiiese  convictions,  he  sees  what  is  represented  in  fig.  4.  The 
concavity  ?n  A  n,  Fig.  4*  ^ 

fig.  Si  appeals  in-  o 
verted ;  and  as  the  k 
visible  part  of  the 
concavity  Aar,  fig. 
S,  is  nearest  the  eye 
in  fig.4,  and  the  in-  m 
visible  part  Aw,  fitf. 

3,  fiirthcsi  from  the  eye  in  fig.  i,  m  A  n  must  appear  a  concavity 
in  fi<;.  4",  solely  because  it  seems  to  rise  out  of"  the  surface  M  N, 
which  looks  ujiw  urd,  as  if  it  had  noib'cn  inverted  by  tiie  eye-piece. 

Now,  in  tliis  experiment,  the  conversion  of  tlie  concavity 
into  a  convexity  dtpcnds  on  two  separate  illusions,  one  of 
which  springs  frooi  ttie  other. 
The /rsl  illusion  ii  the  belief 
that  the  snrlaoe  M  N  is  look* 
ing  upwards^  whereas  it  is 
realJy  Inverted,  as  shown  in 
fig.  5;  and  the  second  iIlusion,i 
which  arises  fi-oni  the  first,  is, 
that  the  point « appears furthest 
from  the  eye,  whereas  it  is 
nearcsi  to  it,  as  sliown  in  fig.  5.  All  these  i)l)>Lrvalions  are 
equally  applicable  miUatis  mutajidis  to  the  vision  ul  convex  •  lies ; 
and  hence  it  follows,  that  the  converiiion  of  relief,  occasioned 
by  the  nse  of  an  Inverting  eye-piece,  is  not  prodooed  directly 
by  the  inversioni  but  by  an  illnsiooy  In  virtue  of  which  we 
conceive  the  remotest  side  of  the  convexity  or  concavity  lo  be 
nearest  onr  eye  when  it  is  not 

In  order  to  demonstrate  the  correctness  of  thisezplanationy 
let  the  concavity  m  A  n  be  made  in  a  Tiarrmc  stripe  of  wood, 
as  in  fi/y.  5,  and  let  it  be  viewed,  as  formerlv,  ihronfJi  the 
inverting  eye-piece.  It  will  now  np|>efir,  as  in  fig.  5,  really 
inverted,  and  free  from  both  the  illui>ions  wliieh  formerly  took 
place,  i  lie  narrow  surface  M  N  being  now  wiji>lly  included 
in  the  field  of  view,  and  the  thickness  N  O  of  the  stripe  of 
wood  distinctly  seen,  the  inversion  of  the  suriiu»  M  N,  which 
now  looks  downward,  will  be  at  once  recognised.  The  edge 
If  of  the  concavity  will  appear  nmreti  the  eye*»  as  it  really  iSf 
and  ike  concaoiijff  though  inverted,  will  stiU  appear  a  concavi^. 
The  very  same  reasoning  is  applicable  to  a  convexity  on  a 
narrow  stripe  of  wood. 

*  The  tnvcr*u>n  of  an  object  never  makes  the  neortr  pert  of  an  olijcGt 

more  remote,  nor  the  remote  part  nearer. 
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WheUy  as  in  fig.  4,  the  concaTity  is  seen  as  a  convexity^  let 
it  be  viewed  more  and  more  obiiquely.  The  dUpHeal  margin 
of  the  eomexihf  will  atwt^  he  msibUf  wliidi  is  impossible  in  a 
real  convexity;  and  the  elevated  apex  will  gradually  nnk  till 
the  elliptical  margin  becomes  a  straight  line,  tindtke9nu^inary 
convexity  compleUhf  leveled*  The  struggle  between  truth  and 
error  is  here  so  singular,  that  while  one  part  of  the  figure 
at  A  7i  has  become  coocave»  the  other  part  retains  its  con- 
vexity ! 

In  like  manner,  when  a  convexity  is  seen  as  a  concavity, 
the  concavity  loses  its  true  shape,  as  it  is  viewed  more  and 
more  oUlitjuely,  till  its  remote  elliptical  margin  is  encroached 
upon  by  the  apex  of  the  convexity ;  and,  towards  an  inclina- 
tion of  90%  the  concavity  disappears  altogether,  under  cir* 
cnmstances  analogous  to  those  already  described. 

Iff  in  place  of  nsing  an  inverting  eye-piece»  we  invert  the 
concavity  m  A  /t,  by  looking  at  its  unage  in  the  focus  of  a  con- 
vex lens,  it  will  sometimes  appear  a  convexity,  and  sometimes 
not  In  this  form  of  the  experiment  the  image  of  the  con* 
cavity,  and  consequently  its  apparent  depth,  is  greatly  dimi- 
nished. Hence  any  trivinl  canse,  siicli  as  a  preconceptio!i  of 
the  mind,  or  an  ap[)i-oximalion  to  a  shadow,  oi'  a  touch  ot  the 

hollow  by  iliL  puint  of  tiie  iiuger^  will  either  produce  a  con* 
version,  or  |)  re  vent  it. 

In  the  preceding  experiments  we  have  supposed  the  con- 
vexity to  be  high  and  the  concavity  deep  and  circular,  and 
we  have  supposed  them  also  to  be  shadowless,  or  illuminated 
by  a  qimanmernts  light,  such  as  that  of  the  Ay  in  the  ofien 
fislds.  liiis  was  done  to  get  rid  of  all  secondary  caoses,  which 
interim  with  and  modify  the  normal  cause  when  the  concavi- 
ties and  convexities  are  shallow,  and  have  distinct  shadows^ 
or  when  the  concavity  has  the  shape  of  an  animal,  or  any 
body  which  we  are  accustomed  to  see  convex. 

Lot  US  now  suppose  that  a  strong  shadow  is  thrown  upon 
the  concavity.  In  this  case  the  normal  experiment,  already 
explained  and  shown  in  ficf.  5,  is  much  more  perfect  and  satis- 
factory. The  illusion  is  complete,  and  invariable  \\  hen  the 
concavity  is  in  an  extended  surface ;  and  it  as  invariably  dis- 
appears when  it  is  in  a  narrow  stripe. 

In  the  secondary  forms  of  the  experiment*  the  inversion  of 
the  shadow  becomes  the  principal  cause  of  the  illusion ;  but*  . 
in  order  that  the  result  may  be  invariable^  or  nearly  so^  the 
concavities  must  be  shallow,  and  the  convexities  a  little  raised. 
At  great  obliquities,  however,  this  cause  of  the  conversion  of 
form  ceases  to  prcu^nce  the  illusion,  and  in  varying  the  incli- 
nation from  0^  10  90^,  the  cessation  takes  place  sooner  with 
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deep  than  with  siiaUow  cavities.  The  reason  of  this  is,  that 
the  shadow  of  a  concavity  is  very  «li£Bireiitat  great  oblkfuities 

from  the  shadow  of  a  similar  convexity.  The  shadow  never 
can  emerge  out  of  a  cavity  so  as  to  darken  the  surface  in  which 
the  cavity  is  made;  whereas  the  sliadow  of  a  convexity  soon 
cxteiKib  beyond  the  outUne  of  ils  i)ase,  and  finally  throws  a 
long  bti'ipe  of  dai'kutitis  over  the  surface  on  which  it  rests. 
Hence  it  is  impossible  to  mistake  a  convexity  for  a  cOQCavityi 
whenever  ils  shadow  extends  beyond  its  base. 

When  the  ooocavity  is  a  horse  or  a  dog  u[K>n  a  seal*  it 
will  ofteo  rise  ioto  a  convexity  when  seen  through  a  single 
leas  which  does  not  in?erl  it|  but  the  illusion  disappear  at 
great  obliqaities.  In  this  case  the  illusion  is  favoured^  or 
produoedi  hy  two  causes:  the  first  is,  that  the  convex  form  of 
the  hxjxm  or  dog  is  the  one  which  the  mind  is  most  dispoaed 
to  seize;  and  the  second  is,  that  we  use  only  one  eye,  with 
which  we  cannot  measure  depths  as  well  as  with  two,  Tlie 
illusion,  however,  still  takes  place  when  we  employ  a  lens 
three  or  more  inches  wide,  so  as  to  aclinit  the  use  of  both  eyes, 
but  it  is  less  certain,  as  liie  binocular  vision  enables  us  to  keep 
in  ciieck,  lo  a  ceriaiu  degree,  the  other  causes  of  illusion. 

The  influence  of  these  secondary  causes  is  strikingly  dis- 
played in  the  following  experiment.  In  the  annorial  l^arings 
upon  a  seal,  the  shield  is  often  more  deeply  cnt  than  the  sur* 
rounding  parts.  With  binocular  vision  the  shallow  parts  rise 
into  a  convexity  sooner  than  the  shield*  or  continue  so  while 
the  shield  remains  concave;  but  if  we  shut  oueeye^  the  shield 
then  becomes  convex  like  the  rest.  In  these  experiments 
with  a  single  lens,  a  slight  variation  in  the  position  of  the  seal, 
or  a  slight  change  in  the  direction  or  intensity  of  the  illumi- 
nation, or  pat  tictilar  reflexions  from  tlie  interior  of  the  stone, 
will  favour  oi  oppo.-e  the  illusion.  In  viewing  ilje  shield,  or 
the  deepest  [ini  uon,  with  a  single  lens,  a  shght  roUiiion  of  the 
seal  luuiul  liie  wrist,  backwards  and  forwards,  will  remove 
the  illusion,  in  conse(|uence  of  the  eye  perceiving  thai  llic 
change  in  the  perspective  is  diflerent  from  what  it  should  be. 

In  a  paper  in  th«  Edinburgh  Journal  of  Science^  already 
referred  to^  I  have  described  several  other  exam  pics  of  the 
conversion  of  fbrm»  in  which  inverted  vision  is  not  employed. 
As  seen  by  the  naked  eye,  hollows  in  mother-of-pearl^  and 
other  aemi-transparent  bodies,  rise  into  relief;  and  the  same 
tfihig  happens  on  surfaces  of  a^pita  and  woods  oi  various  kinds 
when  transparent  circular  portions  are  illuminated  by  refrac- 
tion,  at  those  parts  of  their  circumference  where  they  would 
have  been  illuminated  had  they  been  convexities*.    But  the 

*  la  oxABuaios^  mdn  the  roigtucep^  tk%  tbaUow  flui4  cavities  wUMm 
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most  interesllDg  eases  of  oonvflnioo  of  Ibnn  we  those  in  which 

ike  mind  ahue  operates,  and  receives  no  aid  either  frooi  in* 

version^  shadow,  or  monocalar  vision.      If  we  take^  as  I  have 

elsewhere  remarked,  one  of  the  Intaglio  moulds,  used  in 

making  the  bas-reliefs  of  that  able  artist  Mr.  Henning,  and 

direct  the  eyes  to  it  steadily,  witlioiit  noticing  surrounding 

objects,  we  may  coax  ourselves  inio  the  belief  that  the  Iiiiagiio 

is  actually  a  bas-rcliet.    It  is  ditiicult  at  first  to  produce  the 

deception,  but  a  little  practice  never  fails  to  accoin})lish  it. 

We  have  succeeded  in  carrying  this  deception  so  iar  as.  lo  be 

able^  by  the  eye  alone,  to  raise  a  complete  hollow  mask  of  the 

hnman  iace  into  a  projecting  bead*  In  order  to  do  thia  we  must 

exdode  the  vision  of  other  oljeeis  $  and  also  the  nuu^gin  or 

thickness  of  the  cast.   This  experiment  cannot  fail  to  nrodnoe 

a  ver^  great  degree  of  surprise  in  those  who  soeoeed  in  it; 

and  It  willy  no  doubt,  be  regarded  by  tlie  acttlptor  (who  can 

use  it)  as  a  great  auxiliary  in  liis  art*." 

From  these  observations  it  will  be  seen  that  the  conversion 

ot"  {brm.  excepting  in  the  normal  case,  dopend-^  upon  various 

cauiies  wliich  arc  eflective  only  under  pariiiular  conditions; 

such  as  the  depth  ot  the  hollow  or  the  eievaLit)n  of  the  relief, 

the  distance  of  the  object,  the  sharpness  of  vi'^ion,  the  use  ol' 

one  or  both  eyes,  the  inversion  of  the  bhadow,  the  nature  of 

the  object,  and  the  means  used  by  the  mind  iuclf  to  produce 

the  illosion.   In  the  normal  case^  however,  where  the  cavity 

or  convexity  is  shadowlessi  and  upon  an  extended  snr&ce, 

and  where  mverted  vision  b  usea,  the  conversion  of  form 

dqiends  solely  on  the  illusion,  which  it  is  impossible  to  resist, 

that  the  side  of  the  cavity  or  elevation  next  the  eye  is  actually 

furthest  from  it— -en  illusion  not  produced  by  inversion,  but 

by  a  false  judgement  respedii^  the  poaitkHi  of  the  aar&oa  on 

which  the  form  is  placed. 

6c  iieooard*s  College,  St.  Andrews, 
May  4, 1844. 

LXVIII.    Experiments  proving  the  common  nature  of  Miitg' 
netismt  QAesiotif  Adhesion  and  Viscosity,    By  Sir  Graveh 
C.  Haughton,  K,H.,  M,A,f  F,BJS^  Foreign  Auociate 
tke  huHtute  ^  France^  4^t 

Part  I. 

X^ARIOUS  methods  of  experimenting  have  been  employed 

^    of  late  years  to  extend  the  knowledge  of  magnetic  pn£&- 

thc  substance  of  a  film  of  sulphate  of  iinic,  described  in  the  Edinburgh 
Traosactions,  vol.  x.  p.  3i>,  they  frequently  appeared  as  elewUians  on  the 
toHace  of  the  plate  next  the  eye. 

♦  Edinburgh  Journal  of  Science,  No,  Vllf.  p.  109,  Jan.  1ML 

t  Commuaicaied  by  the  AuUkor. 
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nomenn,  and  to  which  we  are  indebted  for  many  very  valuabia 
discoveries.  That  wbich  I  nm  now  about  to  explain  (Unirs 
rrom  all  that  have  preceded  it,  and  possesses  nt  least  tba  ad- 
vantage of  simplicity  united  to  singular  delicacy  *. 

It  must  have  been  clear  to  every  one,  thai  the  pho^noniena 
observed  by  M.  Arago  in  his  well-known  experiments  nuide 
in  the  year  1824,  when  he  caused  a  needle  to  oscillate  over 
the  surfaces  of  various  substances,  were  due  to  the  proximity 
of  ibe  needle  to  the  body  observed,  as  much  as  to  the  nature 
of  the  body  itaelfi  and  tbe  diioovciy  of  this  distinguifihed 
natural  philosopher  was  oonfirmed  by  Dr.  Seebeck  of  Beriio* 
on  making  dmuar  oliservatioot.  Those  I  have  nov  to  detail 
are  entirdy  due  to  the  same  causey  oarried  to  the  extent  of 
actual  and  Jarctd  contact, 

I  now  proceed  to  explain  the  node  in  which  tho  experi* 
nients  have  been  perfiinned. 

Mode  of  operating. 

If  the  substance  to  be  examined  is  flat,  as  a  piece  of  glass, 
for  instance,  it  should  be  set  up  on  a  very  strodij  table,  in  a 
vertical  position,  and  a  magnetic  needle,  of  which  a  descrip- 
tion will  be  presently  given,  is  to  be  placed  on  the  point  oi  a 
fine  sewing-needle,  about  half  an  inch  in  height,  which  may 
be  run  through  a  slice  of  cork  to  answer  as  a  support ;  but 
that  which  1  myself  employ  has  a  flat  brsss  foot  about  the  shm 
of  a  shilHnff,  with  the  fine  end  of  a  sewing-needle  fixad  in  the 
centre^  and  the  brass  foot  is  tmncated  close  to  the  supporting 
needle^  to  enable  it  and  the  object  to  be  brought  close  together 
ibr  the  purpose  of  observation.  If  a  cork  support  h  new,  the 
8«wiiigiiMclir«hoiil<i  for  th«  ..IM  NMon  Utm  dwoq^  k 
near  the  edge. 

When  a  minute  object,  such  as  a  precious  stone  or  any 
small  fragment  of  tnetal,  is  to  be  examined,  it  should  l)e  placed 
on  a  piece  of  cork  or  any  other  suitable  body,  in  such  a  posi- 
tion to  the  natural  direction  of  the  needle,  that  on  the  latter 

•  The  general  principle  upon  \\liith  these  observations  have  been  made 
was  discovered  so  far  back  as  the  month  of  March  1841 ;  it  was  not  how- 
ever applied  to  ascertaining  whether  the  various  classes  of  snbstaoces  were 
nm^netic  or  not  till  the  snrini:  o(  1^1.'),  when  nearly  140  snbstnnccN  were 
fuuiul  to  be  magnetic,  ana  a  few  nicasurcmcnts  of  the  intensities  were  ob- 
tained, but  it  was  at  the  commencement  of  I84C  that  the  greatest  part  of 
them  were  made.  The  remainder  have  been  only  recently  completed  $ 
though  these  remarks  woi  f  in  such  a  state  of  forwardness  as  to  lead  to  a 
hope  of  their  being  published  in  the  summer  of  1846.  Waot  of  health  has 
been  the  cause  of  these  various  delays. 
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being  urged  to  it  by  a  bar-magnei.  Its  point  will  exactly  touch 
some  portion  that  is  smooth  and  tertical.   These  oondttions 

being  strictly  attended  to,  and  the  object  under  examination 
being  placed  about  a  quarter  of  an  inch  or  so  from  the  point 

of  the  magnetic  needle,  the  pole  of  the  bar-magnet  that  is  of 
a  contrary  character  to  the  point  of  the  needle  intended  to 
toucli  the  object,  is  to  be  approached  witii  extreme  f^emleness 
and  very  slowly,  so  as  to  cause  the  least  tremulous  motion 
pos^sibic  in  the  needle.  When  the  bar-mugneL  is  brought  so 
as  to  cause  the  needle  to  press  with  a  slight  force  against  the 
substance  examined,  the  former  is  to  be  kept  In  the  same 
steady  horizontal  position,  for  at  least  ten  or  fifteen  seconds 
afler  it  has  been  observed  that  ail  tremor  has  ceased  in  tlie 
needle ;  upon  which  the  bar-macnet  may  be  withdrawn  as 
slowly  and  as  carefully  as  it  was  brouii^ht  near.  And  tliis  is 
the  phicG  to  (7l)serve,  tiiat  one  great  advantage  of  having  the 
supporting  pivot  -oshort,  andconsuquently  the  magnetic  needle 
so  low  down,  is  tiiat  it  enables  the  observer  to  allow  the  mag- 
net to  lie  upon  the  table,  and  to  advaucu  and  diaw  it  buck  at 
pleasure^  as  well  as  to  have  its  axis  ui  the  same  horizontal 

Elane  as  that  in  which  the  needle  revolves ;  for  should  it  be 
igher  or  lower  than  the  latter,  it  would  cause  an  inclinadon, 
and  a  consequent  displacement  of  the  needle,  from  gravitation 
the  moment  the  bar  was  withdrawn,  that  might  interftsre  with 
the  success  of  the  experiment.  If  all  the  conditions  just  de- 
scribed have  been  attended  to,  the  needle  will  be  found  to 
liave  attached  itself  firmly  to  the  glass,  copper,  or  other  body 
operated  upon,  ami  will  in  many  cases  so  remain  any  indefi- 
nite time,  if  not  disturbed.  But  it  should  be  well-remarked 
that  time  must  generally  be  given  to  the  magnetic  needle  to 
settle^  and  tbereby^  coerce  the  substance  to  which  it  is  to  attach 
itself.  This  is  an  euential  condition  in  most  cases.  The 
slightest  movement  in  the  room,  even  the  motion  of  the  air 
from  the  impulsion  given  by  the  breath  of  the  observer^  are 
to  be  carefully  avoided  in  the  nicer  experiments.  Any  vibra- 
tion in  the  house  also  will,  in  most  cases,  from  tlie  extreme 
delicacy  of  the  operation,  cause  a  failure.  Some  time,  loo, 
will  in  all  probability  elapse  before  the  cxpci  inicnLcr  will  iiave 
acquired  the  dexterity  necessary  to  the  success  of  the  diflicult 
oasBSi  and  he  must  be  carelul  tnat  the  point  of  tlie  magnetic 
needle  does  not  catch  itself  against  the  object  under  examina* 
tion  %beD  it  is  rough ;  and  raere  is  also  great  danger  of  its 
beeooiiqg  jammed  when  it  approaches  an  angle  of  90^  with 
the  magnetic  meridian.  To  prevent  such  a  consequence, 
the  object  should  be  so  placed,  when  tlie  amplitude  is  large, 
that  only  the  side  of  the  point  ui  th^  maguetic  needle  may  rest 
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agtinst  it*  Either  pole  of  tli«  needle  may  be  iieed»  and  the 
bfuwinaniet  nay  be  made  to  influence  it  either  by  attiai^icm 
or  repwiion,  as  is  most  convenient  &r  the  ebeerfatkm.  The 
operator  will  iikewise  find  it  an  ad?a»tage  to  use  a  loir  Beat, 
as  he  will  by  that  tneane  be  able  to  have  hb  ^  in  tl^  same 
level  as  the  object  examined  ns  often  ns  it  may  be  neee^ 
lary,  particularly  when  minute  objects  are  observed. 

All  tliut  lias  just  been  snid  merely  regards  the  mode  of 
avoidiii!^  a  taiiure ;  but  it  it  is  desired  to  measure  the  relative 
magnetic  intensities  of  the  substances  under  examinni  ion,  then 
a  graduated  disc  is  to  be  employed,  which  may  be  placed 
under  the  supporting  needle,  its  and  S.  being  in  the  line 
of  the  magnetle  meridian;  bat  a  my  eattvenient  anbatitnla 
for  tlieee  two  will  be  found  in  detaching  the  bottnoi  of  one  of 
the  eompaa^boKesy  of  which  I  sfaali  immedialely  spealt,CQiverad 
with  its  engraving  of  the  rhombs  and  degteeiy  and  cotting 
away  so  much  of  it  as  might  inteHere  with  Sie  approximation 
of  the  different  bodies.  The  nearer  the  needle  can  be  brought 
to  90°  by  the  attraction  or  repulsion  of  the  bar-magnet,  the 
greater  is  to  be  considered  the  mngnetic  intensity  of  the  object, 
wiiich  }H  to  he  ^lulled  alter  each  luensiircment  sn  ns  to  increase 
the  angle  ot  amplitude  til!  it  is  iouiid  iliat  the  needle  will  no 
longer  attach  itself,  wliiei)  cuuseijuently  gives  the  limit  of  its 
MiaizneLic  intensity.  This  being  an  exhausting  and  tentative 
process^  renders  such  measurements  extremely  tedious  in  many 
oases,  and  y^  It  cannot  be  remedied ;  fbr^  owing  to  the  tiaae 
loit  in  waiting  Ibr  tho  oeettlationa  of  the  needle  to  ceaae^  aa 
well  aa  for  it  to  connect  itaelf  wtlh  the  anbalanre>  and  in  tlM 
varioua  adjustments  of  the  latter^  nmch  time  la  copended ; 
added  to  whieb»  the  experiment  most  be  oiien  repiarted  in 
difficnlt  cases,  to  be  quite  sure  that  a  failure  has  really  arisen, 
from  a  want  of  attractive  affinity  between  the  needle  and  sub* 
stance.  Nearly  nn  hour  has  been  consumed  in  an  experinrent 
where  much  attention  and  delicacj  of  manipuiatiua  were  re* 
quired. 

Great  care  of  cour<;e  must  be  taken  not  to  confound  eifects 
purely  electric  wiili  those  that  are  magnetic.  To  prevent 
such  a  possibility  of  error,  it  is  only  necessary  to  breathe  upon 
a  atispected  aufaatancey  which  will  effectually  remove  all  free 
eleelricity.  Tbns  lodand  spar,  whieh  cannot  be  touched  widi 
the  flngen  without  becoming  dectrie  and  remaiuniff  ao  finr 
days,  may  in  the  space  of  a  few  seoonda  be  renderad  fit  for 
examination,  as  the  humidity  of  the  breath  qnicUy  eflpointea 
and  carries  off  the  superabundant  eJeotrlcity* 

It  is  welUworthy  of  remark,  as  showing  how  much  time  is 
neoeaaary,  not  merely  ibr  the  eahibition  ot  magnetic  attnclien 
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fay  $oa»  sobstmiots,  bat  also  for  the  lots  of  this  quality,  that 
id  maiijr  cbm  where  the  needle  was  with  difficalty  made  to 
attach  ili8l(  OD  contact  being  broken  a  fresh  connexion  was 
{trodoced  with  the  greatest  ease^  if  only  a  short  dela^  had 
taken  pJaot,  and  no  change  whatever  had  been  made  u  the 
poeition  of  the  object,  lime*  too^  was  still  more  necessary  to 
the  success  of  the  experiments  when  the  angles  were  to  be 
measures!  ;  for  it  not  unfreqiientlv  happened  t!int,  when  1  !iad 
supposed  the  greatest  amplitude  iiad  been  attained,  on  main- 
tainnig  the  forced  connexion  for  n  few  miiuites  with  an  enlarged 
angle,  a  firm  connexion  took  place;  thii"^  ihrovving  a  doubt 
upon  the  nieasure:»  i  l)ad  previously  nuled  as  the  highest  at- 
tatpable  in  odier  substances.  Such  measures,  therefore,  even 
m  any  case^  can  only  be  considered  as  appnnhnatlve^  as 
greater  deviations  may  possibly  be  yet  obtained  by  myself  or 
other  observers.  Thus  in  the  case  of  a  ipark  of  duunond,  I 
was  able  to  increase  the  angular  distance  from  42°  to  65°.  So 
likewise  in  the  case  of  quartz,  it  rose  gradually  from  45°  to 
90^.  Now  when  it  is  considered  that  the  attachment  of  tlie 
needle  takes  ]ilare  jjenerally  with  the  greatest  readiness  when 
the  angle  of  clevialiun  is  small,  say  10^  or  15°,  owing  to  its 
limited  deviation  I'rom  the  meridian  in  mk  Ii  cases,  it  can  leave 
htit.  little  doubt  that  thi>  peculiarity  niiiscs  Irom  the  slow  effect 
oi  nuignetic  pi  oj)agaUon  in  the  substance  examiutid,  in  which, 
to  use  language  that  has  become  familiar  in  describing  mag** 
Mtic  phssnomeni*  mimmtiim  takes  place  bat  skiwly. 

The  foregoing  Ibets  entirely  accord  with  the  remark  made 
hf  Sir  John  Hefschel  and  Mr.  Babbage»  when  in  1885  they 
varied  the  experiments  of  M.  Arago.  A  remarkable  eonfir- 
ttatm  of  thiH  peculiarity  was  exhibited  by  ehrominm,  which 
was  entered,  after  many  trials  with  a  magnetic  needle,  as  a 
failure,  yet  on  repeating  the  experiment,  and  allowing  a  long 
time  lor  ilie  needle  to  operate,  the  measure  incuts  rose  succes- 
sively, according  to  the  notes  taken  on  the  occasion,  as  follows : 
20°,  25°,  30°,  40°,  45"",  4r9°,  55°,  70%  90"*.  The  notes  on  the 
subject  having  been  overlooked,  a  fresh  attempt  at  measure- 
ment, after  the  lapse  of  more  than  a  year,  was  recently  made, 
when  it  was  again  entered  as  a  fhilure,  as  there  was  not  the 
least  tendency  to  a  connexion  between  the  needle  and  the 
chromium  amr  the  ordinary  time  pven  to  ether  difficult  sub- 
stances. 

On  reflecting  on  the  neoessitjr  of  time  being  given  to  deve- 
lope  the  magnetism  of  some  substances,  and  remembering  that 

the  needle,  which  \vn<^  the  active  ngent  in  its  productioti,  did 
not  wci^li  tour  L^i'ains,  and  t!i;U  the  parts  of  the  needle  antl  tljc 
substauce  in  contact  were  merely  two  minute  points,  it  struck 
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me  that  the  mngnetism  might  be  much  increased  by  keeping 

it  in  close  contact  for  a  short  time  with  a  more  powerful  mag- 
neti  The  result  fully  justified  this  anticipation,  and  theat« 
tractive  affinity  between  the  needle  and  tlie  substance  was 

immediately  augmented  ;  but  generally  in  those  cases  where 
no  attractioii  \\'m\  been  ;»1  ready  discovered,  none  made  its  ajv- 
pcarance  by  llie  acidiiioiuil  magnetic  intiuence  to  wlucli  it 
was  subjected.  Want  oi  liealth  and  time  prevented  me  from 
estahlishini;  m(ire  than  the  general  character  of  these  last  facts, 
but  1  sliall  have  lu  speak  more  fully  ol  llie  pui licuiar  cases 
tried  as  I  proceed. 

Amotiff  the  few  substances  placed  in  contact  with  the  bar- 
magnet  mr  the  purpose  of  increasing  their  magnetic  energy, 
the  following  seem  to  be  totally  uninfluenced  by  its  presence, 
viz.  copper,  lead,  marble^  selenite,  alum  and  pure  lac. 

The  following  experiment  will  show  how  strong  the  con« 
nexion  oflen  is  that  takes  place  between  tlie  needle  and  non- 
ferruginous  substances.  A  magnet  having  been  brought  ver- 
tically over  the  needle  contained  in  a  small  box-compass,  which 
was  screened  by  a  piece  of  crown-glass,  the  needle  attached 
itself  insiaiiily,  or,  to  speak  more  exactly, /^ei  faZ/ww,  so  firmly 
to  the  glass,  that  the  box  might  be  pushed  backwards  and 
forwards  from  one  end  of  the  chimney-ptece  on  which  it  lay 
to  the  other,  without  contact  being  broken ;  and  in  this  state 
it  continued  for  six  days,  though  the  door  of  the  room  was 
often  shut  with  considerable  force;  and  the  connexion  was  at 
last  only  broken  by  the  box  having  inadvertently  received  a 
shock  from  the  hand.  The  contact  was  occasionally  renewed 
!)y  the  same  means,  sometimes  for  two  or  three  days,  and 
always  continued  till  broken  at  pleasure.  This  experiment 
will  not  succeed  if  the  pivot  of  suspension  is  either  loo  high 
or  too  low ;  and  the  needle  must  be  of  the  pointed  kind. 


It  is  pro|)er  to  describe  hei  e  a  very  useful  electrometer 
which  I  employed  to  ascertain  whether  substances  exhibit  any 
electrical  effects.  It  is  of  extreme  simplicity,  and  is  not  merely 
mitch  more  sensitive  than  that  employed  by  Haiiy,  but  even 
more  so  than  the  most  delicate  gold-leaf  electrometer.  It 
C4)nsists  of  a  magnetic  needle  five-eighths  of  an  inch  in  length, 
with  an  agate  caj).  Uj^on  each  end  of  the  needle  a  piece  of 
oaten  straw,  one  inch  in  length  and  about  one-tlurtieLh  ol  ua 
inch  in  diameter,  is  fixed.  When  this  part  of  the  system 
is  placed,  as  in  the  former  case,  on  the  point  of  a  sewing- ' 
needle  with  a  brass  stand,  the  instrument  is  oompletew  It  has 
an  additional  advantage  over  that  of  Hauy,  that,  owing  to  the 
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slight  tnagnetiBin  of  the  needle^  the  }ioints  of  which  are  in- 
serted ill  the  straws,  it  preserves  a  d^nite  position,  without 
the  slight  magnetism  of  the  needle  apparently  interfering  with 

its  sensibility.  It  has  likewise  the  advantage  of  being  easily 
set  up  or  dismounted  to  protect  it  from  injury,  and  is  capable 
of  being  contained  ifi  a  very  small  box.  I  oiiirlij.  to  remark 
likewise  that  it  is  so  siiacepLible,  that  if  unprotected  by  a  screen 
it  is  kept  in  a  sort  of  perpetual  niovenieul^  by  liic  otlierwise 
inappreciable  currents  of  air  in  the  room. 

Proper  forms  of  the  needles  and  magnets. 

After  the  trial  of  needles  of  various  forms  and  lengths,  I 
have  found  none  that  answer  so  well  as  those  which  are  em- 
ployed in  the  compasses  of  commerce,  set  in  mahogany  boxes 
two  inches  square,  and  to  which  1  have  already  alluLlLtl.  The 
needles  in  tliese  boxes  are  an  inch  and  a  half  lonj^,  very  slen- 
der and  pointed^  weighing  about  three  grains  and  a  half. 
Their  caps  are  of  brass,  which  in  this  case  is  an  advantage ;  (or 
needles  with  those  of  agate  are  much  too  tremulous  from  their 
great  sensibility,  and  the  experiment  will  be  almost  sure  to 
ntil  if  the  point  of  the  needle  slips  in  the  least  from  the  spot 
where  it  first  settles,  the  circumference  of  its  action  being  as 
limited  as  the  part  of  the  point  of  the  needle  actually  in  con- 
tact. Long  needles,  therefore,  owing  to  their  great  oscilla- 
tions, are  particularly  unfit  for  these  experiments;  while,  on 
the  contrary,  I  have  succeeded  extremely  well  with  a  needle 
not  more  than  five^eigliihs  of  an  inch  long. 

The  preceding  directions  simply  concern  the  kind  of  mag- 
netic needle  that  is  to  be  employed;  but  it  is,  as  I  have  said, 
by  the  aid  of  a  bar-magnet  that  the  needle  is  made  to  attach 
itself  to  non-ferruginous  bodies;  for  by  no  other  means  could 
it  be  caused  to  approximate  itself  by  a  slow,  steady,  and  gentle 
movement,  and  be  left  without  disturbance  when  the  motive 
agent  is  withdrawn,  a  condition  upon  which  the  success  of  the 
experiment  entirely  depends  in  the  cases  of  low  intensity ;  but 
for  those  of  iiigher  attraction,  I  shall  presently  ?how  a  sim- 
pler mode  of  attaining  the  same  end  without  a  magnet.  The 
bar-magnet  which  i  use  is  very  convenient ;  it  is  six  inclies 
and  a  half  long,  three-quarters  of  an  inch  wide,  and  rattier 
belter  Liiaii  a  ijuai  ter  ul  an  inch  thick.  If  the  magnet  is  long, 
it  is  managed  with  difficulty ;  and  if  small,  it  requires  to  be 
brought  very  near  the  object,  and  there  is  consequently  danger 
of  disturbing  the  position  of  the  needle  when  the  magnet  is 
withdrawn,  which  had  better  likewise  be  wrapt  in  soft  paper, 
to  enable  it  to  be  laid  down  on  the  table  without  causing  ajar 
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or  shock.  I  noir  proceed  to  an  loqiortaiit  step  in  tbm  db- 
covenss. 

On  the  rchdivi-  dijnamic  values  qf  the  degrees  of  the  compass^ 
and  oil  the  came  <^  ifie  needle  resling  in  the  magnetic  luct  i^ 

r  ■ 

(■'  i  (I  :/., 

6i\0Tl\y  nfter  I  had  begun  to  measure  the  angles  of  devia- 
tion, I  saw  LliaL  ii  was  a  matter  of  tl)e  first  necessity  to  ascer- 
tain wliether  tlie  degrties  ot  the  compasii  after  90"  nitiea&cd  in 
stretigiii,  or  went  on  diminishing  in  some  given  ration  as  it 
appeared  to  me  that  the  ooooexiont  were  nade  with  increaaed 
focilily  lo  proDortion  aa  the  N.  pole  of  the  needle  approached 
nearer  to  180  .  For  the  purpose  of  settling  this  question^  I 
made  a  nnmber  of  most  careful  measarements^  after  dimwing 
proper  lines  upon  a  sheet  of  paper,  which  all  crossed  one 
another  in  acommon  centre,  by  ascertaining  the  distances  at  dif- 
ferent azimuths  at  which  n  hnr-ma^iet,  placed  with  its  nxis  di- 
rected to  the  centre  of  a  ma«;netic  compass-needle  (  ilu  pivot 
of  suspension  of  which  was  exactly  over  the  common  centre 
of  the  Hnes  of  which  I  have  spoken),  caused  tlie  needle  to  as- 
sume a  pusitiun  in  which  its  axi^  yx&a  in  the  same  line  with 
that  of  the  magnet,  I  found  that  these  points  of  distance  form 
a  peculiar  carve,  which  was  nearest  to  the  axis  of  the  msgnec 
at  the  east  and  west  aaimnths,  and  receded  from  It  as  it  ad** 
vanoed  to  the  north  and  south  i  and  was  twice  the  distance 
from  it  at  the  north  that  it  was  at  the  south  admiith«  Sneh 
is  the  sum  total  of  the  results  which  1  communicated  to  the 
Royal  Society  in  June  1846,  and  of  which  a  short  account  has 
been  given  iri  (lie  Abstracts  of  the  Papers  read  before  the  So- 
ciety, and  repubhshed  in  tlnsJournnl  for  last  November*.  It 
sinct  liiiweveroccui  r  t  (l  to  mcthat  the  iDiii^cst  distmice  from  the 
eastniid  west  azimuths  would  be  belter  a^eertaiiied  hv  opernfing 
by  the  means  of  repulsion  than  by  altt  action,  ti»  I  haii  dune;  tor 
it  is  evident  that  repulsion  will  sooner  discover  a  minute  deyi»« 
tion  of  the  needle  when  in  its  natural  position  u  N«  timn  on 
be  eflheted  by  attraotkmy  because  if  Urn  atlsof  die  baiwaagpat 
deflates  in  the  s%htest  degree  ttom  the  Ime^  a  fidae  tmlna  will 
be  obtained ;  and  there  always  therefore  remains  a  doubt  In 
proceeding  by  attraction,  raspecting  the  point  wheiw  thoras^ 
procal  action  of  the  needle  and  the  magnet  ceases,  in  conse- 
quence of  the  identity  of  their  axis.  Now  in  proceeding  by 
repulsion,  the  reverse  takes  })Iarr  ;  nnd  the  niin  luest  difference, 
except  so  fnr  as  the  friction  ol  ilie  needle  on  bs  pivot  is  con- 
cerned, is  imnjcdiately  detected.  I  was  Mirpiisetl  therefore 
tu  iiud  liiuL  wliere  I  bad  only  been  able  to  discover  a  devia* 

•  Vol.  xxix.  p.  405. 
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tion  at  eight  inches  distance,  owing  to  the  minute  quantities 
concerned,  I  could  obtain  a  deviation  at  sixty  inches,  after 
wincli  all  effect  censed.  As  the  distance  was  exactly  four 
incties  iVoin  the  centre  when  the  nortli  end  of  the  needle  wn^^ 
drawn  to  180°  by  the  bar-niagnet,  and  as  lliere  niii^bL  be  some 
definite  ratio  between  the  two  diblances  thus  obtained,  I  as- 
sume that  llic  true  iciigLli  oi  the  greater  aziniudi  is  sixty-tour 
inches,  and  that  the  four  inches  not  discovered  in  the  measure-^ 
nient  resulted  from  the  friction  of  the  needle  on  its  pivot» 
though  it  was-an  extremely  delicate  instrument  thut  had  been 
made  by  M.  Pixii.  Instead  therefore  of  the  greater  distance 
being  merely  the  duplicate  length  of  the  shorter  one,  it  is  re* 
lated  to  it  as  its  cube. 

Tlie  reason  of  this  disproportion  of  the  needle  when  in  its 
naturnl  positioii.  from  that  which  is  discovered  when  it  is 
forctii  iDutui  to  the  opposite  pole,  may,  I  think,  be  found, 
when  il  !>  remembered  that,  as  the  earth  is  either  yx  v  .'^t' or  by 
inductiuu  a  magnet,  the  latitude  in  which  the  experiment  has 
been  made  being  at  such  a  distance  from  die  magnetic  equa* 
tor»  there  can  be  no  longer  an  equality  in  the  effects.  It  would 
be  therefore  a  question,  l  think,  not  devoid  of  interest,  to  as- 
certain whether  such  a  disproportion  exists  at  the  magnetic 
equator. 

I  wilt  now  describe  the  means  by  w  inch  a  long  line  was 
obtained,  upon  the  exactness  of  which  the  accuracy  of  the 
observation  necessarily  depended.  A  white  thread  of  fine 
cotton,  weighted  at  each  end  with  Icail,  was  laid  over  a  long 
and  steady  table,  and  the  weights  being  allowed  to  han«^  down, 
a  perfectly  viohi  line  was  instantly  ol)tained,  which  had  only 
to  be  adj united  so  as  to  agree  with  the  magnetic  meridian. 

The  length  of  the  azimuths  obtained  in  the  lines  N.,  E.  and 
S»  being  respectively  64,  2,  4,  it  follows  that  by  the  law  of  the 
inverse  square  of  the  distance  they  are  related  to  one  another 
in  the  proportion  of  J  *  1 021-  and  256,  and  that  consequently 
every  degree  rises  gradually  from  N.  or  0%  till  at  £•  or  90^  its 
strength  is  1024,  alter  which  there  is  a  rapid  decrease  up  to 
180*';  and  it  may  therefore  be  prncticnily  assumed,  to  save 
circumlucution,  tliat  at  175  its  proportional  strength  is  1/56% 
or  only  one-fourth  the  strength  it  has  at  90*^,  that  bein<^  the 
true  proportion  as  it  reaches  8.  or  180  ,  wIumc  tlie  needle  is 
necessarily  in  a  state  of  equilibnmn  by  lis  balanced  attraction 
to  the  west;  but  all  this  will  be  much  more  evident  by  a  re< 
ference  to  the  curve  itself  which  is  preserved  in  the  form  that 
was  laid  before  the  Royal  Society,  as  it  would  be  inconvenient 
to  represent  on  paper  the  due  proportion  from  the  centre  to 
N.   In  fiwt^  for  all  practical  purposes,  the  new  correction  Is 
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The  true  proportions  of  the  com,  from  th«  centre  to  B.  or  W'.,  it  l,toS.  2,  and 
to  N.  16 1  but  as  the  distance  from  the  centre  to  N.  could  not  be  represented  con- 
veniently on  paper,  the  doited  UaM  OB  cadi  «de  of  tbe  line  N.  anat  bo  lufyooed 
to  be  elongated  to  that  extent. 


Digitized  by  Googlc 


On  Ma^netism^  Cohesion,  Adhesion  and  Viscosiiy.  il-? 

of  no  consequence,  ns  anything  lower  than  the  azimuth  line 
that  passes  through  5°,  I  nave  found  to  be  ns  low  as  can  be 
ever  required  for  any  useful  measurement;  ami  it  wil!  be  seen 
that  by  the  dotted  line  I  have  drawn  passm«r  through  it,  and 
the  dotted  lines  that  are  intended  to  represent  the  correction 
ol  liie  curve,  that  aziuuuli  reiiiuins  unafleclcd.  Measured  by 
a  rule,  the  proportion  of  the  azimuth  line  passing  through  90° 
is  as  1  to  2  with  that  passing  throagh  5\  Now  bjr  the  inverse 
ratio  of  the  distance,  it  has  only  one-fourth  of  the  strength  at 
5**  that  it  has  at  90*^;  and  practically,  therefore,  is  the  same  in 
strength  at  5^  as  it  is  at  175**.  Hence  90®  may  be  considered 
as  a  middle  point,  from  which  the  degrees  diminish  by  equal 
decrements  to  5°  and  175®;  and  it  will  be  seen  by  a  reference 
to  the  curve,  tlmt  the  n/inmth  lines  cutting  45"  and  135°  are 
essentially  the  same  in  length.  The  ascertainment  of  the  true 
strength  of  the  degrees  from  90^  to  18(r  was  a  necessary  de- 
sideratum, which  has  led  to  ilie  unexpected  discovery  that  the 
position  of  the  magnetic  needle  north  and  south  is  the  elFect 
of  equilibrium  arising  from  equal  repulsions  from  east  and 
west;  and  that  so  tar  from  there  being  any  attraction  at 
N.  and  S.,  they  are  just  the  two  points  where  the  needle  is 
in  the  greatest  state  of  freedom ;  and  that  in  the  case  of  a  nee- 
dle oflow  magnetic  power,  the  mere  resistance  caused  by 
friction  on  its  pivot,  will  be  sufficient  to  prevent  its  taking  up 
its  true  position  in  the  Vnw  of  the  magnetic  meridian.  Tnese 
facts  prove  that  the  movement  of  the  needle  from  90°  to  zero 
depefids  iipoi\  repulsion,  conmiencnig  at  90  ,  and  diminishing 
gradunlJy  till  it  stantis  in  e(juilibrium  at  zero ;  and  that  the 
return  ot  the  needle  to  90",  when  the  north  end  is  brought  to 
180%  is  the  result  of  an  attraction  that  increases  up  to  90% 
when  the  repulsion  commences. 

The  mathematical  expression  of  these  results  is  that*-- 

The  value  of  evefy  degree  of  the  compass  is  inversely  as  the 
square  of  the  length  of  the  ordinate  or  co^dinate  passing 
through  itf  the  abidssa  being  considei  ed  as  zero* 

The  general  principle  of  the  values  of  the  various  degrees 
of  the  compass  obtained  by  the  preceding  system  of  azimuths, 
was  further  verified  by  the  following  met  nod  : — 

A  bar-magnet  inches  long,  was  properly  suspended  hv 
silk,  free  from  loiaiuu,  and  the  N.  pole  being  brought  louiul 
to  the  south,  was  allowed  to  return  back  by  the  east.  Tite 
following  is  the  mean  of  eight  observations,  made  with  great 
care,  and  which  only  slieiitty  differed  from  one  another.  The 
bar  required  11^  seconds  to  complete  its  return  from  180^  to 
135^  When  made  to  start  again  from  135^  to  90®  it  occu- 
pied six  seconds ;  and  when  allowed  to  depart  again  from  90^ 
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to  4-5°,  llie  time  occiipieil  was  5^,  seconds;  while  its  return 
from  if)  to  0  ,  after  hv\u*T  a«rain  kft  to  itselt^  took  6^  seconds. 

It  iiiighl  be  siij  [H)>L(I,  a  prion,  tliat  the  north  end  of  the 
bar-inngnet  when  Uiuiighl  to  lim  soutli  ami  Iclt  lo  itself  would 
be  repelled  with  violence;  but  bo  far  from  this,  as  seems  to  be 
the  case  when  sinaU  needles  are  observed,  its  movement  is 
extremely  slow,  end  there  is  a  loss  of  a  second  or  two  before 
it  acquires  the  gradually  augmenting  momentam  that  is  to 
carry  it  back :  a  momentum  indeed  which  increases  so  rapidly^ 
that  though  the  bar  consumed  J  li  seconds  to  carry  it  back 
from  180°  to  1 35*^;  it  only  required  15't  seconds  to  carry  it 
from  IC\5^  to  0%  and  of  this  time  13jy  seconds  were  occupied 
in  reachin*);;  45  ,  after  which  the  i  t  inaining  +  were  completed 
in  2  seconds;  yet  the  bar  recjuued  6^  seconds  to  return  from 
45°  to  0°,  when  it  hutl  not  the  benefit  acquire<i  by  the  pre- 
ceding momentum.  As  a  further  proof  how  much  the  slow- 
ness of  the  movement  of  the  bar  increases  near  QP,  when  noi 
assisted  by  previous  momentum,  6^^  seconds  was  the  space  of 
time  requisite  to  carry  the  bar  from  5®  to  0^  yet  when  it  bad 
the  advantage  of  the  momentum  acquired  between  10  and  5% 
it  completed  the  whole  in  \  second  less  time,  that  is  the  space 
from  10°  to  0°  in  6|  seconds,  while  it  has  just  been  s/ten  that 
it  required  only  2  seconds  to  carry  it  from  4-5°  to  0^,  when  it 
had  tfie  ndvnntaire  of  the  previous  momentum  acquired  by 
setliiiir  oti  Ironi  i6:'>\ 

There  was  a  })eculiarity  in  the  return  movement  of  the 
magiieUc  bar  winch  is  worthy  ot  attention.  When  ilie  north 
end  moved  from  180°  to  135%  it  required,  as  has  iust  been 
seen,  11^  seconds  to  complete  the  amplitude,  while  it  only 
took  6^  seconds  to  traverse  over  the  parallel  amplitude  from 
45^  to  0^.  The  reason  of  this  difference  is,  that  in  the  first 
case  its  momentum  is  in  an  increasing  ratio,  and  the  ibroe  that 
is  to  move  it  has  gradually  to  augment,  while  from  45°  it  sets 
off  with  a  strong  momentum  which  it  retains  til!  it  reaches  0^. 
What  tlie  nature  is  of  tliis  force  whicii  goes  on  increasin*;  on 
the  return  of  the  bar  up  to  90  ,  and  tVoni  tliat  |  oint  coTUiuues 
decreasing  down  to  0  ,  is  u  question  of  mucli  iin[)ort;i!ice  in 
'  the  theory  ot  terrestrial  magnetism.  It  is  evukniJy  one  at 
right  angles  to  the  natural  position  of  the  needle,  and  seems 
to  be  caused  by  a  principle  identical  with  that  of  the  con- 
junctive wire  of  the  pile,  and  would  strongly  tend  Co  confirm 
Ampere's  theory  of  electric  currents  from  east  to  west»  if  the 
supposition  of  the  efficiency  of  these  were  not  opposed  by 
considerations  to  which  I  mny  return  on  a  future  occasion* 

While  upon  this  point  it  will  be  interesting  to  see  tlie  rela- 
tive times  occupied  by  the  needle  when  drawn  back  to  175°$ 
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ill  its  return  to  0^,  measured  thrniir^h  regular  divisions  of  the 
compass.  On  account  of  the  diiiiculty  of  st;u  ti)ig  tlie  needle 
from  1 80"^  when  in  equUibrio^  the  measurement  oui^  began 
from  ]  75  . 

To  simoliiy  the  expression  of  the  results,  and  save  the  use 
of  dceiauusy  the  signs  p/itf  (+)  and  minm  )  are  used  to 
denote  tune  in  excess  and  paiicity,  which  m  the  mean  of 
eight  observations  were  too  insignificant  to  be  otherwise 
brought  in. 


Amplttttdes. 

Mean. 

l>ecrrineQta  on  etch,  side  cS.  9lf, 

30  to  Kj 

4 

4o  to  .'}0 
60  to  45 

3* 
2f 

^  Repulsion. 

i 

90  to  75 

«* 

0  . 

105  to  90 

0  n 

.    120  to  105 

i+ 

135  to  1^0 
UO  to  135 

4 

f- 
1+ 

>.  AttracCioii. 

165  to  150 

176  to  165 

9 

The  mode  1  have  describ<jd  of  measuring  the  insensible 
magnetic  attractions  of  non- ferruginous  bodies,  has  the  rare 
advantage  of  Ae  most  perfect  ctelicacy  and  precision  in  all 
angles  op  to  90^,  but  from  thence  to  the  moment  when  temibie 
attraction  commences^  there  is  considerable  vagueness^  as  for 
as  relative  intensities  are  concerned.  Where  perfect  repulsion 
occnrs  it  is  distinctly  indicated  bj  the  impossibility  of  forming 
a  connexion;  but  it  is  likewise  evident  that  in  many  cases  a 
low  dcf^ree  of  repulsion  to  the  magnetic  needle  is  ovcrcoine  by 
g!vinj(  nine  for  magnetic  propagatioii.  or  by  keeping  the  sub- 
stance operated  upon  in  contact  vviili  a  })<)\verful  magnet. 
Where  a  body  is  very  li^ht,  as  cork  or  charcoal,  the  failure 
roust  be  attributed  to  their  want  of  density,  for  the  part  of  the 
needle  which  comes  in  contact  with  the  bodies  is  bot  a  minute 
pobty  yet  the  molecules  which  compose  the  cork  or  charcoal 
m  thfli  8poC»  must  stand  at  such  a  distance  from  one  enother 
as  to  render  their  magnetism  inefibctivc^  and  therefore  inap- 
preciable. 

The  delicacy  of  this  mode  of  measurement  is  sufficiently 
attested  by  its  having  been  applied  with  equal  success  to  a 
FhU.  Mag.  &  d. Vol.  30,  JNo,  203.  Jwie  i8i7«        2  H 
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hair  of  the  luiman  head,  and  to  a  .s]virk  ol  jianiond;  and  the 
accuracy  aliained  ma^  be  juilgetl  ul  Ij^  the  lad,  LliaL  sXw  same 
hair  having  been  measured  a  year  afterwardB,  was  found* 
without  any  remembrance  of  the  previous  measurement  to  be 
what  it  was  before,  namely  80^.  A  specimen  from  another 
head  which  only  gave  76  was  lost,  and  the  measurement 
could  not  be  verified,  but  another  hair  from  the  same  head 
being  tried  it  was  found  to  be  82%  a  difference  which  may  be 
ncconnted  for  by  supposing  that  all  the  hairs  on  the  same 
h<vi{]  nre  not  possessed  of  equal  magnetic  inten-^ity  Mt  the  same 
inument  of  time,  or  by  a  chantre  in  the  state  of  tiie  liealth  of 
the  individual.  The  niea.Mirt  inents  may  be  rehcd  upon  as 
never  ui  excess,  thougli  from  causes  of  disturbance,  such  as 
the  vibration  of  the  nouse,  &&,  they  must  occasionally  be 
capable  of  being  pushed  further.  No  pains  however  havQ  been 
spared  to  obtain  the  utmost  decree  of  accuracy*  Those  who 
shall  undertake  to  repeat  these  experiments  will  be  best  aware 
of  the  extreme  difficulty  of  the  suoject* 

Of  the  marks  qf  indication. 

Substances  not  followed  by  any  numerals  have  been  ascer- 
tained to  be  magnetic,  but  have  not  been  measured. 

AO  implies  that  no  attraction  could  ho  discovered. 

The  sign  +  marks  that  the  measuremeuL  could  be  carried 
further. 

The  sign  x  after  90*^  is  intended  to  show  that  the  mag- 
netism is  still  stronger  than  that  of  the  highest  case  of 

The  double  sign  of  x  (that  is  x  x)  is  employed  to  show 
that  the  connexion  has  been  effected  by  the  delicate  employ* 
ment  of  the  finger  instead  of  the  magnet;  but  that  the  mag" 
netic  intensity  of  the  substance  is  ttillnot  suflSeieiit  to  attract 
the  needle,  whether  ferruginous  or  non-ferruginous  of  itself* 
This  is  the  **  simpler  mode"  already  alluded  to. 

A  marks  such  substances  as  attract  the  ueedici  thuugii  at 
short  distances. 

The  magnetic  needle  was  nuule  to  connect  itself  with  all 
the  undermentioned  substances  not  followed  by  0,  which  are 
arranged  according  to  their  classes ;  and  the  measurements  of 
audh  as  I  had  time  to  ascertain  are  inserted  after  each. 


Gold  (pure)   90 

Do.  (18  earaU)   90 

SUver  (iiure)   90 

Do.  (com)   90+ 

riittiimin   G5 

PaUsfUum   68 

Cadmiam  ....t  90 

tin   90 


1st  Class* 


Lead  00 

Zinc  ...... ....,.,««...  90 

Copper  90-|- 

Mereury    90x 

Aaliniony   66 

JiMiuutU   bl 

Cbromittin  90 

Mamsneae    A 


GoMt   i 

PI uin1):\gO  .f. •».«••«*  0 

loUiqe   M  A 

Anenie   1ft 

Hrass   A, 

licrman  silver    A 

UdUmetAl   99 
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I  litve  already  spoken  of  the  manner  of  raising  the  mag- 
netic intensity  of  various  substances,  by  keeping  them  in  close 
contact  with  ;i  bar-ninLfiu  t  for  a  nhort  titiic.  The  ibllowing 
imiah  tiud  their  matfuciic  iotonsitits  ilightly  riuft«d  thui 

Platinum,  IVom  65^  to  9QP ; 
Antimony,  lion*  66°  to  90° ; 
Bismuth,  from  iS""  to  80"". 

It  is  very  remarkable  that  it  is  not  of  the  least  consequence 
whether  the  substance  is  kept  in  juxtaposition  with  the  N.  or 
S.  end  of  tlie  magnet,  for  the  result  will  be  just  the  same  in 
either  case,  and  the  N.  or  S.  end  of  the  needle  may  be  made 
to  attach  ilseli  with  equal  iniliff'erence  to  the  part  of  the  sub- 
stance that  has  been  so  excited.  Whether  this  proceeds  from 
a  want  of  polarity  in  ierruginous  magnetisms  or  from  the 
molecules  of  the  substances  having  been  rendered  more 
obedient  to  the  coerdre  energy  of  the  needle^  it  is  difficult  to 
say.  As  the  magnetism  still  remains,  after  such  influence^  of 
the  insensible  kind,  it  is  clear  that  they  cannot  penetrate  to 
any  depth,  and  this  may  be  the  reason  why  no  polarity  can 
be  formally  proved.  Tlie  possible  existence  of  polarity  is 
countenanced  by  the  fact  that  the  magnetism  is  capable  of 
being  heightened,  and  by  the  analogy  of  the  connexion  that 
takt's  place  between  two  similar  poles  of  moi:^nets  when 
brouglit  forcibly  into  contact,  as  well  as  by  what  lake-  place 
with  arsenic.  The  magnetism  which  is  found  to  exist  in  all 
matter,  and  that  to  a  degree  which  has  never  been  anticipaicdj 
would  be  of  tremendous  operation  in  nature  if  it  were  not  like 
or  identical  whh  cohesive  affinity,  and  conse^uentljr  acting 
only  at  4^tancei  that  may  be  considered  as  tntenMe*  ^  In 
this  respect  it  contrasts  strongly  with  the  power  of  gravitation^ 
and  with  that  even  of  the  magnetism  of  steeL 

The  e0ects  that  lake  place  by  keeping  substances  in  con- 
tact with  a  magnet  cannot  be  attributed  to  inductioui  as  they, 
continue  for  a  longer  or  shorter  space  of  time  after  separation. 

The  measurements  of  the  first  class  of  substances  speak  so 
clearly  for  themselves,  that  there  would  be  but  little  occasion 
lur  any  remarks  upon  the  greatest  portion  of  them,  if  it  wcxc 
not  for  the  contrast  in  which  some  of  them  stand  to  the  im- 
portant results  oIjI  iiJiLil  !  v  Di.  Faraday,  when  he  operated 
with  a  vciy  poweilui  clcciro-magucL.  From  tlic  cd'ccts  he 
observed  he  divides  all  metals  into  two  classes,  namely,  mag- 
netic and  diaanagnetict  according  as  they  showed  attraction  or 
repulsion;  the  first  of  these  states  being  indicated  by  the 
cyuoder  placing  itself  in  the  line  of  the  axis  of  the  vaaffu^  and 

2  H2 
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the  ottitr,  on  its  taking  op  a  poshkm  at  right  angles  to  the 
same  axis.  Now  it  is  not  a  little  remariutble  that  platinum 
and  palladium,  which  he  selects  as  im^netic,  exhibit}  it  will 
be  seen,  a  lower  state  of  nf traction  than  cadmium,  copper, 
gold,  mercury,  and  silver,  and  that  these,  in  common  with 
antimony,  bismuth,  lead,  tin,  and  zinc,  in  which  he  found  re- 
pulsion, nil  exhibit  attraction,  according  to  the  present  form 
of  experiment,  and  some  in  a  very  strong  degree. 

The  case  of  antimony  and  bismuth  is  deserving  oi  atten- 
tion, for  by  a  method  somewhat  analogous  to  the  present  one, 
the  late  M.  Lebaillif  found  that  they  exhibited  repulsion ; 
though  in  his  experiments  the  bodies  were  not  forced  into 
contact,  and  therefore  their  oceolt  properties  were  not  elicited* 
In  these  two  instancesy  as  is  the  Case  with  all  bodies  of  low 
attractive  power,  the  connexion  was  formed  with  some  dif- 
ficulty ;  but  as  it  was  repeated  on  many  occasions  at  difierent 
intervals  of  time,  and  even  within  a  day  of  these  remarks*,  not 
the  slightest  doubt  can  exist  on  the  point.  But  1  &baU  have 
to  return  to  this  subject  ui;ain. 

Another  fact  resulting:  from  the  two  modes  of  exnci  inu  iitinir 
employed  by  Dr.  Faradav  and  myself,  is  that  liie  connexion 
couid  be  iurmed  on  any  side  or  end  of  the  substance,  and  that 
form  had  no  influence  upon  the  result.  Indeed  this  was  to  be 
expected,  as  the  transverse  position  which  the  iofasianoes 
assumed  in  his  hands  resulted  from  their  shape,  as  every  ob» 
lonff  bodv  under  repulsion  must  necessarily  place  itsdf  at 
right  angles  to  the  resultant  of  forces,  with  a  facility  propor- 
tioned to  its  Jengtli  and  slenderness.  Where  the  snape  of 
the  substance  examined  would  permit  of  it,  the  end  has  of 
late  always  been  selected  in  preference  to  tlie  side,  with  a  view 
to  ascertnininrr  this  point;  and  this  was  particularly  the  case 
with  the  antimony  and  bismuth,  which  were  in  bar,  and  had 
been  cut  across. 

I  have  introduced  iodine  into  the  class  of  metals  and 
metalloids,  as  its  semi-metallic  lustre  seemed  to  justify  it,  and 
because  I  found  that  it  attracts  the  magnet  of  itself;  but  it 
shows  no  polarity.  AH  that  is  necessary  is  to  hold  a  scale  of 
this  body  acainst  the  point  of  the  maf;netic  needle^  when,  on 
drawing  it  back,  the  needle  will  remain  connected  with  it  for 
¥f  or  50^  of  the  compass.  A  piece  of  arsenic  too,  which 
showed  very  low  magnetic  intensity  {\5°)y  acquired  a  similar 
power,  but  in  a  higher  degree,  after  it  had  been  for  a  short 
time  in  close  juxtaposition  with  the  end  of  a  bar-magnet ;  but 
it  was  remarkable  that  this  power  only  appeared  on  the  flat 
side  of  the  arsenic  where  it  had  pressed  against  the  crucible 
in  which  it  was  melted,  the  othe^  broken  parts  oi  the  sides 
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faciDg  only  fsised  by  the  Mme  prooess  to  85^.  I  attribute  this 
pseoliartty  to  the  greater  number  of  points  tliat  are  brought 
in  contact  with  the  magnet  where  the  surfiM^  is  flat.  The 

character  of  the  magnetism  thus  acquired  is  entirely  the  same 
as  that  of  steel,  attracting  and  repelling  in  the  same  manner, 
but  comparatively  in  a  very  low  degree,  and  consequently 
quite  superficial.  It  brought  quite  close  to  that  end  ol  the 
uculIIc  tor  which  it  exhibits  repuliion,  it  will,  liki;  a  magnet, 
in  coiisequeiicti  ot  ilie  pioximlty,  alLiacL  it.  It  ioi.L  iia  mag- 
netic power  in  the  course  of  a  few  weeks,  but  it  lias  since 
been  renewed  with  the  same  teilitv  as  liefore. 

It  appeared  to  me  that  the  needles  got  out  of  order»  for  a 
short  ^aee  of  tune^  by  their  contact  with  the  iodine  and 
arsenic;  but  upon  this  point  I  cannot  at  the  present  moment 
speak  positively.  Certain  it  is  that  they  became  quite  para- 
lysed  on  two  or  tln*ee  occasions,  but  were  restored  by  having 
recourse  to  f/?c  touch,  and  subsequently  by  only  letting  them 
lie  quiet  an  hour  or  two.  1  suspected  the  same  etlect  to  have 
taken  place  unce  or  twice,  after  keeping  them  in  contact  witli 
aiiiiiiiuny,  but  at  other  Uxne»  I  could  assiga  no  cause  for  the 
change. 

All  the  specimens  of  brass  I  have  examined  are  very  mag- 
netic»  and  may  have  that  property  considerably  increased  by 
putting  them  In  contact  with  a  magnet.  One  specimen, 
which  is  a  bar,  causes  attraction  at  one  end^  but  the  repulsion 
which  estisted  at  the  other  has  disappeared.  The  former 
state  appears  to  continue  unchanged,  at  least  I  have  seen  no 
difference  in  the  course  of  a  year.  Bell-metal  has  very  low 
magnetic  powers;  so  much  so  indeed  that  I  despaired  of 
niaKiTin;  the  needle  connect  itself  with  it;  nor  was  this  object 
etiiected  till  they  had  both  been  kept  in  connexion  for  some 
lime,  and  even  then  there  was  every  symptom  that  this  was 
attained  only  by  overcoming  a  natiiial  repulsion,  as  in  the 
case  of  chromium,  of  which  I  huvc  ahvady  :>pukcn.  No 
change  seemed  to  be  effected  by  keeping  it  in  contact  with  a 
magnet  Oerman  silver  is  mmieticy  and  if  brought  within 
abmit  the  eighth  of  an  Inch  of  this  needle  will  attract  it.  But 
the  qsecimen  I  had,  seemed  by  its  colour  to  contain  an  unusual 
proportion  of  copper,  or  otherwise  It  might  have  proved  more 
magnetic.  No  increase  of  magnetism  resulted  from  connec- 
tion with  a  larger  magnet.  Cobalt  and  manganese,  as  is 
known,  attract.  The  needle  clung  at  once  to.  a  i^^lohule  of 
inercur}',  against  which  it  had  been  urgeii  by  the  magnet. 

All  the  rarer  bul)stances,  including  pure  gold,  in  the  pre- 
ceding class,  1  believe  to  be  cheniicaily  pure,  as  thev  were 
obtained  from  Messrs.  Boyveau  and  Pelktier,  and  M.  Ber- 
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hemot  of  this  city  (iViris),  who  considered  th€BI  M  Mch| 
but  the  tin  and  lead  were  taken  from  the  ordinAiy  specimeni 
of  comtnerce,  and  if  the  supposition  which  accounted  for  the 
magnetism  of  non-fcrrtiginoiis  bodies  by  their  contnininjT  minute 
portions  of  iron,  liiu!  any  foundation,  it  wonltl  have  been 
apparent  in  these  two  substances;  yet  it  wili  be  seen  lh;U  llie 
ma^etism  of  both  shows  nolhinfr  very  remarkable,  luid  that 
the  till  cxiiibits  the  same  degree  ul  aUractioii  as  the  specimen 
of  Mdmiufli  which  I  believe  to  be  chemically  pure,  and  tbeM 
two  will  be  Ibqndi  nearly  in  all  citminsleiioaai  to  miiibil  ei 
remarkable  a  ooofbittiitv  magnelieanjr  at  llley  an  known  le 
do  ehemioally.  When  I  show,  howeverf  the  nmtnal  «ttnio> 
tions  of  non-ferruginona  bodieip  it  will  be  mm  that  thenotkm 
of  Ckmlorob^  and  othar  eipatimentm  posterior  to  him,  eannot 
be  acoiptad  aa  aeeounting  fi>r  the  renilta  thajr  obtemd* 

Ind  Class. 
Selenium  10°    |    So^intf  2B" 

Selenium  and  sulphur  both  exhibit  very  low  intensities  with 
the  mafrnelic  needle,  and  even  these  are  obtained  With  so 
niucli  difliculty  as  to  demonstrate  that  they  arc  forced  states. 
I  have  paid  })articular  attention  to  these  two  sinpnlnr  sub- 
stances, and  Ijave  found  that  they  resemble  one  anuilier  as 
much  by  their  magnetic  properties  ns  by  tliose  that  are  che- 
mical. I  will  here  anticipate  the  branch  of  this  inc^uiry  which 
is  to  follow,  by  stating  that  they  are  remarkable  in  nearly 
agreeibtfin  thdr  affinlSea  for  the  metah,  but  pattlciilarly  fi 
gold.  They,  however,  show  not  the  sltghtest  attractioii  Ibr 
one  anothei^  and  therefore  must  be  eongidered  as  itttitually 
repulsive*  i  have  invariably  found  that  where  there  Is  It  oho" 
roical  resemblance  there  is  likewise  similarity  in  magnetic 
properdes,  and  these  two  substances  maintain  their  resem- 
blance in  the  same  way  as  tin  and  cadmium,  which  only 
exhibit  a  difTcrcDcc  of  nature  with  respect  to  arsenic;  but 
everything  regarding  this  last  body  seems  anomalous,  which, 
like  sulphur,  has  no  affinity  for  selenium.  Contact  with  the 
magnet  aj)pears  to  elevate  their  power  of  attraction,  at  least 
this  was  the  case,  as  wili  be  seen  hereafler,  when  they  were 
tested  with  brass. 

9rd  CKsss. 


Diamond    <& 

Do.  (^ind  spedinea)  65 

Bnby....'   90+ 

Sapphire    OO-f- 

Topaz   74 
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Emerald  .....*..«.•«  dO-f  1  Moon-stone. 


Oiiral  emerald    32 

Garuel  

Tourmalint  32 

Anu  tliyst   G5 

Turquoise   47 

OmI   0 

Nfrxfran  opal. 


Agate. 

Coruelian  (red)   3& 

Do.  (wUto)   37 

Blood-stone   37 

quarts  t.  90 
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The  present  claw  exhibits  many  various  degrees  of  Bttfaction 

for  the  magnetic  needle,  but  the  rubjr»the  emerald,  the  sapphire 
and  the  jarf^onn,  it  will  be  seen,  stand  high  in  rank  tor  this 
property,  while  tounnaiine  nnti  otirnl  emerald  are  but  low. 
Tlie  diamond  was  the  only  one  oi  these  precious  stone  s  ihat 
was  placed  in  contact  with  the  magnet,  and  it  was  luuiul  lo 
have  its  energy  raised  by  the  connexion.  Thougii  the  diu- 
mond  does  not  exhibit  much  attraction  for  the  magnetic 
needle^  it  will  be  seen  hereafter  ^hat  this  Is  eompenietsd  for 
by  ito  affinity  for  copper,  platinum  and  glass  of  every  kind ; 
and  it  will  he  generally  found  that  what  is  of  difficult  connec- 
tion with  die  magnetie  needle  is  remarkably  the  reverse  with 
glass,  and  they  may  respectively  be  placed  at  the  head  of  a 
binary  division  of  all  snhstances;  and  what  makes  the  fact  the 
more  remarkable,  is  tliat  the  attractive  properties  of  glass  are 
heigluciud  in  a  very  sensible  degree  by  its  remaining  in  con- 
tact will  I  the  mafrnct.  Glass  has  a  st  liking  affinity  for  cor- 
nelian, red  and  wiiiie^  and  for  blood-alone,  while  a  connexion 
between  the  magnetic  needle  and  these  stones  is  formed  with 
extreme  difficulty. 

It  m%ht  have  been  expected  that  flint  would  have  shown 
much  resemblance  to  quarts  in  its  attraction  for  the  magi u  t  ie 
needl^  but  the  connexion  was  always  formed  with  great  dif^ 
ficulty,  and  on  many  occasions,  though  it  appears  as  high  as 
90",  it  coiilfl  not  be  raised  above  20°  in  some  particular  spe- 
cinietib,  ami  many  were  tried.  Yet  the  needle  attached  itself 
with  great  facility  at  40°  and  50°  to  quartz,  and  finally  reached 
90^,  but  not  by  any  forcing  process:  that  measure  however 
is  still  its  ultimate  Inuii.  Flint  has  a  decided  repugnance  lor 
the  magnetic  needle,  but  still  the  magnet  can  overcome  it,  and 
a  refractory  specimen  was  raised  by  this  means  fWim  iO^  up 


fUni  glMS  (prism)..  30 
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BedgliM. 


Stone-wara  ••....*.«  75 

China. 

Porcelain  (French).!  SO 
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Hone   84 
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White  chalk. 

Crystallized  tin   0 

Iceland  spar .........  90 
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Sdenite   15 
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Sulphate  of  iron  »  4B 
Proloittlphete  of 
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Carbonate  of  iron  16 
Sulphate  of  copper. 

Alum   IS 

Rock  salt. 
Salt()ctre. 

Sugar  candy  (iftdle  lad 

brown). 
I  Lump  sugar. 
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The  prism  was  raised  by  the  magnet  from  30°  to  60°,  but 
tlie  green  glass,  to  which  the  magnetic  needle  attached  itself 
with  great  difficulty,  seemed  to  acquire  repulsive  rather  than 
attractive  powers  by  the  same  means.  This  was  a  specimen 
of  fancy  glass,  of  an  apple-|preen  cokMir»  and  cut  to  rcpreaonC 
the  calyx  of  a  flower.  I  am  ignorant  as  to  what  metal  it  owed 
its  colour.  It  will  be  seen  hereafter  that  the  prisiDt  which 
was  of  English  fiibric,  exhibited  an  extraordina^  affinity  lor 
all  the  metals,  as  well  as  for  fliot  glass.  The  common  green 
glass  employed  for  wine  bottles,  and  crown  glass,  notwith- 
standing the  iron  they  contain,  exhibited  no  striking  attraction 
for  the  magnetic  needle,  which  can  be  easily  accounted  for  by 
remembering  that  the  iron  is  in  intimate  combination  with 
other  bodies^  aud  having  its  afiBnity  employed^  simulates 
neutrality. 

The  particular  kind  of  porcelain  used  by  dentists  has  wy 
little  attraction  for  the  magnetic  needle,  and  in  other  reipecta 
exceeds  even  the  glasses  in  its  affinity  for  non-ferraginoaa 
metals  and  gelatinous  bodies.   It  and  stone-ware  are  much 

alike. 

The  crystals  of  various  kinds  in  this  class,  with  the  excep- 
tion of  protosulpliate  of  iron,  exhibit  very  low  magnetic  in- 
tensities for  the  needle,  and  confirm  what  I  have  said  about 
the  common  glasses.  Carbonate  of  iron,  it  will  be  seen,  has 
but  little  affinity  for  the  magnet.  Iceland  spar  is  as  difficult 
and  capricious  as  flint  in  its  attraction  for  the  needle^  but  is 
remarkable  in  its  affinity  for  non-ferruginous  bodies.  Talc 
has  but  litde  attraction  for  the  magnet  and  zinc,  but  it  is 
otherwise  with  iron  and  gold.  It  was  not  tried  with  other 
bodies.  The  speclnien,  which  was  remarkably  thioy  came 
from  Delhi.  The  other  substances  were  not  measured,  but 
the  needle  connected  itself  with  them.  Crystallized  tin  failed 
with  the  magnetic  needle,  but  rose  to  90°  after  contact  with 
the  bar-magneU 

Sik  Clan. 
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Macro    00  X  X 

iTory  (new)   90+ 

Do.  (old)   68 
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Human  naiL 
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0 

HmntB  bftir  (ftmale^, 

young, 2nd  spccirnni')  76 
Do.  (do.  3rd  specimen)  82 
Do.  (female's,  old)  ...  90+ 
Do.  (gray,  male's)   ...  904* 
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Do.  (beard,  gray)   90 

II arc  hair  (gtm   90 

Do.  (black)    90 

Cat's  whisker   90x 
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AmoogiBt  the  aniinal  products,  pearl  and  mother-o^pearl 
are  conspicuous  in  this  clam  Ibr  tbeir  attraction  for  the  mag^ 

netic  needle,  and  for  gold,  copper,  brnss^  lead,  platinum,  zinc, 
tin,  and  in  all  probability  for  the  other  metals,  though  they 
were  not  tried.  Glass  attracts  it  with  equal  facility.  Horn 
of  all  kinds  is  extremely  magnetic.  The  hair  of  the  head  has 
been  already  alluded  to,  and  it  must  excite  surprise  that  a 
body  so  fine  could  contain  such  high  magnetic  properties; 
and  the  fact  is  of  extreme  use  as  proving  the  very  circum- 
scribed extent  of  the  spot,  or  rather  of  £e  pointy  which  is 
connected  with  the  needle  in  these  experiments,  for  the  very 
fines!  luur  of  the  head  that  can  be  found  exhibits  as  strong  an 
affinity  as  the  thickest  of  the  same  kind.  AmouflBt  hair  the 
white  whisker  of  a  cat,  of  the  mixed  Angora  brecS^  must  not 
be  omitted,  ns  it  was  distinguished  above  all  for  its  attractive 
properties  wiiich  it  maintained  fi>r  all  the  substances  with 
which  it  was  tested. 
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Smia..................  24 

Indian  ink   70 

Amber  76 


ethCkus. 

o 

Spermaceti. 

ComposttiMl  cndk. 

Lac  (]>ure)  35 

Do.  (red)    17 

Do.  (yellow). 

flmmg  wBt  (wd)..»«>.  S6 


Sealing-wax  (black)......  25 

India  mbbar...  80 

Gas  coal  15 

Pit  coal   0 

Charcoal  (of  ooBunffw)  0 
Dik  (bos) .................  0 


The  substances  of  this  class  show  no  remarkable  attraction 
(or  the  magnetic  needle^  but  this  is  not  surprising  when  their 
nature  is  considered. 


•MM**** 
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men)  0 

Do.  (3rd  specimen)    0 


Glue 

Dry  paiteoiijptpcr   
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I) 
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0 
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0 
0 


The  woods,  as  micht  be  expected,  did  not  exhibit  mnch 
attraction  for  the  needle;  but  1  shall  have  to  speak  of  them 
again  when  I  treat  of  the  magnetism  of  non-ferruginous 
bodies^  to  which  I  now  proceed. 

[CoDtiDued  at  page  602.] 
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LXIX.  Oh  Quafcnu'oris;  or  on  a  Nw  Sjfstm  o/lmaginarieg 

in  Algebra.  II7  IVolessor  Sir  William  Uowan  Hamilton, 
LL,D.t  F.PJLLA,^  F.R,A.S.,  Corresponding  Member  of  i^e 

Institute  of  France^  and  of  other  Scientific  Societies  in  British 
and  Fvrcigtt  Countries,  Anrfrrv:^*  Professor  c>f  Astronomy  in 
the  University  of  Dublin,  and  liuyal  Astronomer  of  IrdatuL 
[Continued  from  vol.  xxix.  p.  328.] 
29.  TF  we  denote  by  a  and  /3  two  conslaiJt  vectors,  and  by 
-i-    n  variable  vector,  all  drawn  ii  oni  one  common  origin  ; 
\i  aUo  we  denote  by  u  and  r  two  variable  scaliirg^  de|)endin|{ 
on  the  fi>regoiiig  vectors  at,  ^,  ^  by  the  relations 

t;2=:-4(V.^rt«=:-(^p-p^)«;/  •    •    •  • 

we  may  tlien  represent  the  central  aurla<:es  oi  tlie  secolld  de- 
gree by  equations  of  great  simplicity,  aa  tollows: — 

An  ellipsoid,  with  three  unequal  axes,  may  be  repreacnicd 
by  the  eqimtkm 

tf*+e^=l  (55.) 

One  of  its  circumscribing  cylinders  of  revolution  has  fur  equa- 
tion 

 (3.) 

the  plane  of  the  ellipse  of  contact  is  represented  by 

w=0;  (4'.) 

and  the  system  of  the  two  i;iii^ent  planes  of  the  ellipsoiJf 
parallel  to  the  plane  of  tlii^  eilipse,  by 

 (5.) 

A  hyperboloid  of  one  sheet,  touching  the  same  cylinder  in 
the  MMne  iheett  ii  denoted  by  the  equation 

1^— 1^=— 1|  (6.) 

Its  asymptotic  cone  by 

t^— l^asOi  (7«) 
«nd  A  hyperboloid  of  tiro  sheets,  with  the  seme  asymptoiic 
oone  (to*  Md  with  the  two  tangent  phwee  is  represented 
by  this  other  eqnntion, 

1^-1^=1  (8.) 

By  changing  p  to  p—yi  where  y  is  a  third  arbitrary  but  con- 
stant vector,  we  introduce  an  arbitrary  origin  of  vectors,  or  an 
arbitrary  position  of  the  centre  of  the  surface,  as  referred  to 

such  an  origin.  And  the  general  problem  of  determining  tliat 
individual  surface  of  llie  !»econd  degree  (supposed  to  have  :\ 
centre,  until  the  calculation  shall  show  in  any  particular  ques- 
tion that  it  has  none)»  wluch  shall  pass  through  nine  given 
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jioiniSf  may  thu>  be  regaickcl  us  equivaliiil  to  the  problem  oi 
finding 'i^ii/'e^  constant  v^cforSf  «, /3,  ^^h]clt  shall,  lor  nine 
given  vflluM  of  the  variable  vector  ^,  saii^ty  uiie  equation  of 
tlie  f'urni 

with  suitable  selections  of  the  two  ambiguous  signs,  depending 
tni,  and  in  their  turn  determining^  the  particular  species  of 

he  stirffice 

30.  The  CHjiiuliuij  of  the  ellipsoid  with  thicc  uuc(|iial  axes, 
referred  to  its  centre  as  the  orighi  of  vectors,  mav  thus  be 
imaeated  under  the  ibilowinff  ronn  (which  wai  exhibifed  to 
the  Rqjfal  Irish  Academy  in  Deoember  1845): 

(«p+p««)-(^/>-f^)'=l;    ....  (10 
and  which  decomposes  itself  into  two  factors,  as  follows  i 

These  two  factors  are  not  only  separately  linear  with  respect 
to  the  variable  vector  p,  but  are  also  (by  art.  20,  Phil.  Mag. 
ibr  July  1846)  conjugate  quatrrnions  \  they  have  therefore  a 
common  tensor,  which  must  be  etjual  Lu  unity,  so  that  we  may 
write  the  equation  of  the  ellipsoid  under  this  other  form^ 

T(ap  +  pa  +  /3p-p/3)  =  l;  (3.) 

if  we  use,  OS  in  the  19th  article,  Phil.  Mag.,  July  1846,  the 
characteristic  T  to  denote  the  operation  of  taking  the  tensor 
of  a  quaternion.  Let  (t  be  an  auxiliary  vector,  connected 
with  the  vector  p  of  the  elh'psoid  by  the  equation 

(r=p(«-|3)p->j  (4.) 

w«  diall  then  have,  by  (•»)»  and  by  tho  genetai  kw  for  the 
Maor  of  a  {iroditct, 

T(ii-f/3+<r).T^p-U    .   .   ♦  .  .  (5.) 

but  also 

(«-/3+(r)p=(«-/9)p+p(a-!3),     .    .    .  (6.) 

where  the  secoiul  nif  mber  is  scalar ;  therefore,  using  the  cha- 
racteristic U  to  denote  the  operation  of'tnkiTifr  the  vcrwrxjUt^ 
qnateruioo^  as  iu  the  same  art.  19,  we  have  the  equation 

U(«-/J+(r).Up=qFl;  (7.) 

«od  ihe  dependenoe  of  the  TariaUe  rector  0  of  the  ellipsoid  on 
tho  attxiliary  vector  r  Is  expressed  by  the  tormidtt 

U(«— 

Bcildesi  tho  length  of  this  auxiliary  vector  is  conslaiiit  and 
equal  to  tbat  of        beoaase  die  equation  (4.)  givea 

Tfr«T{«-/3);  (9.) 
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\re  may  tluntore  regard  i— (3  as  the  vector  of  the  centre  C 
ul  a  ceitaiii  auxiliary  sphere,  of  which  ihe  suriace  i)ai.i>tiS 
through  the  oeDtre  A  of  wt  ellipsoid ;  and  may  regard  the  veo- 
lor  «— /9 w  ft  variable  and  auxiliary  guide<kord  AD  of  the 
same  guidt-^pkeref  which  chord  determines  the  (exactly  similar 
or  exactly  opposite)  direction  of  the  variable  radius  vector 
A£  (or  p)  of  the  ellipsoid.  At  the  same  time,  the  constant 
vector  —  2|3,  drawn  from  the  same  constant  origin  as  before, 
namely  tlie  centre  A  of  the  ellipsoid,  will  determine  the  posi- 
tion oi  a  certain  fixed  poirit  13,  having  this  remarkable  pro- 
jierty,  that  its  di sin  ace  from  the  extremity  D  of  the  variable 
guide-chord  drawn  from  A,  will  represent  the  reciprocal  of 
the  Ungih  of  the  radius  vector  o,  or  the  proximity  (AE)"'  of 
the  poini  &  on  the  surfiiee  of  we  ellipsoid  to  the  centre  (the 
use  of  this  word  proximity''  being  borrowed  firom  Sir  John 
Herschel).  Supposing  then,  for  simplicity,  that  the  fixed 
point  6  is  external  to  the  fixed  sphere,  which  does  not  essen- 
tially diminish  the  generality  of  tiie  question ;  and  taking,  for 
the  unit  of  length,  the  length  of  a  tanp^ent  to  that  sphere  from 
that  point ;  we  may  regard  AE  aud  BU^'  as  two  equally  long 
lines*  or  may  write  the  equation 

aE=Sd^,  (10.) 

if  D'  be  the  oilier  point  of  intenection  of  the  straight  line  iii> 
with  the  sphere. 

31.  Hence  ibllows  this  very  simple  con  struct  ion-''  for  an 
ellipsoid  (with  three  une<jual  axes),  by  means  of  a  sphere  and 
an  external  pomt»  to  which  the  author  was  led  by  the  fore- 
^o\ug  process,  bnt  which  may  also  be  deduced  from  prindpies 
more  generally  known.  From  a  fixed  point  A  on  the  sumce 
of  a  sphere,  draw  a  variable  chord  AD;  let  D'  be  the  second 
point  of  intersection  of  the  spheric  surface  with  the  secant  BD, 
drawn  to  the  variable  extremity  D  of  this  cliorc!  AD  from  a 
fixed  external  point  B;  take  the  radin^veclor  AE  equal  in 
length  to  BD',  and  in  direction  either  coincident  with,  or  op- 
posite to,  the  chord  A  I)  ;  f/ic  hats  of  the  point  E,  t/iiis  con^ 
slrudcdfWilL  be  an  tllij^^uidy  winch  will  ^mm  through  the  point  B. 

*  This  construction  has  already  been  printed  in  the  Proceedings  of  the 
Royal  Irish  Academy  for  IS  IG  ;  !uit  it  i«;  coiiccivcd  that  it^  hrino;  reprinted 
here  may  be  acceptable  to  sunie  ot  the  readers  of  the  Loudon,  Ediuburgb, 
and  Dublin  Philosophical  Magazine ;  in  which  periodical  (namely  in  the 
Nomber  for  July  1844)  the  lint  printed  publication  of  the  fiindamcntid 
equations  of  the  theory  ofrjKntcmion ; '  i?=j<=A"  — —  1 ,  ij=k,jk—i,  ki=j, 
JisK—k,  kj=—i,  ik=i-~i)  took  (>lace,  although  tho%e  eouations  bad  been 
coDUDuninted  to  tbe  Hoyal  Iriib  Acadein|  in  NoreniDer  1849^  sad  iMii 
beflD  esluliiteil  at  a  wwnttiM  of  Am  Coaaol  daiisa      nncediDa  ainath. ' 
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8S.  We  may  also  say  thnt  if  of  a  quadrilateral  (ABEiy), 
^ which  one  side  (AB)  is  given  in  length  and  in  position^  the 
two  diagonals  (AE,  BD')  be  eqnal  to  each  other  tti  length,  and 
intersect  (in  D)  on  the  surface  of  a  given  sphere  (with  centre  C), 
of  which  a  chord  (AD')  is  a  side  of  the  quadrilateral  adjacent 
to  the  given  side  ( AB),  then  the  other  side  (BE),  adjacent  to  the 
same  given  slde^  is  a  chord  of  a  given  ellipsoid.  The  form, 
position,  and  magnitude  of  an  ellipsoid  (with  three  unequal 
axes) 9  may  thus  be  made  to  depend  on  the  form,  position,  and 
nMgDitnde  cyf  a  generating  triangle  ABC.  Two  tides  of  this 
trian^e,  namely  BC  and  CA»  are  perpendieolar  to  the  two 
planet  qf  drcaUar  teetion ;  and  the  thifd  side  AB  is  perpendi« 
cular  to  one  of  the  two  planes  of  circtdar  prefect  ion  ortheelltp* 
soidf  because  it  is  the  axis  of  revolution  of  one  of  the  two  cir« 
cumscribed  circular  cylinders.  This  triple  refei-ence  to  circles 
is  perhaps  the  cniise  oftJic  extreme  fncility  with  which  it  will 
be  found  that  many  fundamental  propLrties  of  the  ellipsoid 
may  be  deduced  from  this  mode  of  generation.  As  an  ex- 
ample of  such  deduction,  it  may  be  mentioned  that  the  known 
proportionality  of  the  difference  of  the  squares  of  the  recipro- 
cals of  ilie  semiaxes  of  a  diamelial  section  to  the  product  of 
the  sines  of  the  inclinations  of  its  plane  to  the  two  planes  of 
eircnlar  sectloo,  presents  itsdf  under  the  form  of  a  propor- 
tionality of  the  same  difleienee  of  squares  to  the  rectangle 
under  the  projections  of  the  two  sides  JBC  and  CA  of  the  ge>> 
Derating  triangle  on  the  plane  of  the  elliptic  section. 

[To  bt  oontiniiscL] 


LXX.    Observations  on  ihe  Atiafysis  of  the  Spectrum 
Ahtorptim^   By  Sur  Datid  BRiwaiBit,  KJI^f 
F.R.S^  and  r,P,nJS.  Ed,* 

T  N  a  paper  On  the  Production  of  Light  and  Heal  by  Dr. 

Draper,  published  in  the  last  Number  of  this  Journal^  the 
iimnious  author  has  made  some  observations  on  m j  Analysis 
oT the  Solar  SpectruiRt»  which  it  is  necessafy  that  I  should 
notice.  While  be  admits  that  I  have  shown  thatfvi^^^//ou^ 
Mufy  and  consequently  wk^e  light  exist  in  every  part  of  the 
speetrnm,"  he  ascribes  this  result  to  the  non-coincidence,  or 
the  overlapping  of  the  colours  of  the  several  spectra  formed 
on  a  screen  by  the  rays  falling  near  the  ed^^e,  and  those  fnlling 
near  the  back  of  a  prism  with  a  refracting  tace  of  considerable 
magnitiiLlc.  "In  such  a  spectimu/'  iie  says,  "there  must 
undoubtedly  be  a  general  commixture  of  the  rays;  but  may 
we  not  iairly  inquire  whether,  il  an  elLineuiary  prism  were 

*  Communicated  by  the  AuUior, 
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used,  the  same  facts  would  hold  good ;  or,  if  tht-  anterior  face 
oi  the  prism  were  covered  by  a  screen,  so  as  to  txf  iose  u  nar"* 
row  fissure  parallel  to  the  axis  ul  the  instrument,  would  there 
be  luiind  Ul  the  spectrum  it  gave  every  colour  in  ^very 
as  in  Sir  David  Brewster's  original  experiment?" 

As  my  experiments  were  not  made  upon  spe(;(rft  fitrinod 
upon  screens  by  prisms  with  large  lifnctkig  wvxfusmt  t|MV 
m  not  li^blft  to  lids  critioism,  if  It  wart  otli«rwi«»  wdw 
tbttiidsd*  The  spectra  which  I  use  are  so  puii^  sndfr^from 
idi  commixture,  that  Fmonbofer's  Hack  Uoes  nm  disdiMSKly 

visible ;  and  the  miilts  ftrs  precisely  the  samo  when  the  re* 
fracting  fact  of  tbo  prism  Is  rwiiic^  to  tbo  smUsst  possibli 

dimetismns. 

ISIy  analysis  of  the  specii  uin  by  absorption,  therefore,  does 
not  indirectly  controvert  tlic  pi  inciple,  tliat  "  to  a  particular 
colour  there  evtir  btloii^s  a  particular  wave-iengtl),  ami  to  a 
particular  wave-lengili  liiere  ever  belongs  r  particular  colour/* 
as  Dr.  Draper  t»tates»  in  theoretical  language,  the  well-known 
propositioD  of  Sir  Isaso  N«irton»  but  it  dimily  mtUroverU  it« 
and  eSmiuk^  ootrturm  it 

at.  LmmH's  Cdlege,  St.  Andbttwi, 
Mir  13^1847. 

LXXI.  Intelligence  and  MlfceUaneim  Ariidet, 

ON  THE  PREPARATION  OF  THE  AMMONUCO-MAGNEiilAM  PlIOS* 
PllATE  FROM  URINE.      BY  M.  BOUSSINGAULT. 

''P'HE  author  remarks  that  .some  time  since  Mr.  Stenhouse  proposed 
a  procesjj  for  rendering  tlic  pliosphoric  acid  aiiJ  alkaliue  phos- 
phates contaiaed  ia  uriae  u&eiul  iu  agriculture.  It  is  iudeed  suffi- 
sient  to  add  ■ilk  of  Umo  So  it,  to  ooeasion  a  precipitate  of  filmphafte 
of  lime. 

It  opciirred  to  M.  Boussingault  that  it  was  posiihle.  by  iQeana  of 
a  magnesinn  salt,  to  collect  botli  the  phosphoric  acid  and  a  part  of 
the  ammonia  developed  during  the  jintrcfaction  of  tlic  urine ;  and 
the  result  was  that  of  obtaining  a  manure  which  contair)s  two  gub- 
ata&oet  qseftil  ta  vegetation — ^phosphoric  acid  wad  ^mmQnuw 

Ib  tba  ttoatli  of  SiatB  M.  Boimuigaalt  ariasd  aaolntioii  of  bydro- 
chlorate  of  nagneeia  with  about  123  pounds  of  uriiM,  ftwh  collected 
in  the  morning.  At  the  end  of  five  days  the  urine  assumed  a  milky 
appearance,  and  from  th\^  time  the  (]ej)09itof  ammonKico-mnrrnes-iuri 
phosphate  increased  rapidly.  A  month  afterwarJi.  LJ*e  ^uluLiun  waa 
uoured  oH',  and  the  phosphate  was  collected  on  a  cloth  to  wash  it. 
The  salt  was  very  white,  and  in  small  well^tsrminstsdciystils ;  when 
dried  in  the  air,  it  weighed  ahout  one  pound  and  nearly  100  grains 
avoirdupois.  The  presence  of  the  magnesian  salt  greatly  diminished 
tiie  infectioua  odour  emitted  by  the  putrefying  uiiue.  It  will  be  ob* 
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•erved  besides,  th^t  ao  disiiiigwient  of  carbonate  of  ammonia  woulU 
occur,  for  the  alkali  dsvelopao  was  immediately  mverM  into  a 

fixed  siilt. 

M.  Boussingault  observes  that  the  above- described  process  appears 
to  be  susceptible  of  hcin^  advantageously  employed  in  situations  in 
which  a  large  quantity  of  urine  may  be  colkctetl,  as  in  the  v-r»rk- 
shops,  hospitals,  prisons,  8ic.  of  towuz^,  because  an  efficacious  niuiiure 
would  be  olitadiifld  wbicii  la  particularly  easy  of  tnuisport.  Hie 
dimlnutioii  of  the  bad  amdl  ought  also  to  be  considered ;  ftnr  it  la 
evident  that  a  magnrsian  salt  acts  under  these  circumstances  as  a 
disinfectant.  In  establishments  situate  in  agricultural  districts,  the 
proceed  would  possess  but  little  utility,  hecau*»e  the  urine  could  be 
there  employed  immediutelv  and  without  any  preparation ;  and  the 
only  advantage  which  could  result  from  the  use  or  a  magnesian  salt 
under  these  dreumatancea,  would  be  the  prevention  of  the  lose  of 
ammonia,  a  loss  which  the  author  thinks  haa  been  much  exaggerated* 
^Am.  d9Ch.ei4e  FAya.,  Mai  1847. 


OaXMICAL  lUSIAlCaiS  DM  Vm  TOUL  ov  nm. 

M.  Gobley  atatea  that  the  fresh  researehes  which  he  haa  made  on 
this  subject  were  undertaken  with  a  two-fold  object,  one  of  which 

Mn«  t'>  r  insider  certain  point?  which  he  had  scarcely  touched  upon 
in  hib  iii^'t  communication,  another  object  was  to  detennine  how  fur 
the  objections  of  M.  Succ  against  hib  conclusions  were  well-founded; 

with  mse  views  the  antbor  modified  several  of  hia  aaalytleal  pro* 
eesaes,  ao  as  to  be  quite  certain  that  he  would  avdd  the  oauaeaoi  the 

err     which  had  been  supposed  to  be  diaoovered. 

M.  Gt)bley  concludes  from  his  recent  experiments, — 

Ist.  That  the  fatty  matter  of  the  yolk  of  egg  is  formed,  as  had 

pre\nously  been  stated,  of  two  distinct  parts ;  one  a  iixed  oil,  the  oil 

of  egg,  and  of  a  soft,  not  fusible  substance,  visesafS  sia^sr. 
Slid.  That  the  i^ioaphenia  doea  net  oeeur  ia  tiie  ell,  but  in  the  via» 

COUS  iiuitter, 

drd.  That  oleic,  margaric,  phosphoglyceric,  laetie  aeidai  and  the 
extract  of  meat  are  not  products  of  oxidizemcnt. 

4th.  That  the  viscous  matter  is  not,  as  the  author  imajrined,  a  • 
combination  of  oleic,  margaric  aud  phosphoglycerio  acids  wiiii  am- 
monia, but  constitutea  a  body  of  a  compleK  nature  fnm  which  two 
diffisrent  subetaneea  have  been  separated,  to  which  the  authef  haa 
provisionally  given  liie  namea  of  pkoipk^rtted  mgHfp  and  etrtiHe 

matter. 

5th.  That  the  pliosphorizcd  matter  which  forin-  m  tht  future  animal 
the  substance  described  by  M.  Fremy  as  oleouhos^huric  acul,  yiekls 
oleic,  margaric  and  phosphoglyceric  acids  with  tlie  greatest  facility, 
aa  producta  of  decompoation  in  the  preaenee  of  acids  and  nlnernl  id^ 
Imnes  under  the  infinence  of  water  or  alcohol,  and  witimut  the  inter* 
ventiun  of  tlic  oxygen  of  the  air. 

(>th.  That  the  ccrehric  matter  is  analoo^ouf*,  if  not  identirxl  with  the 
substance  which  Vauquelin,  MM.  Uouerbe  and  Fremy  havo  succes- 


Digitized  by  Google 


464         ImeU^^  mid  MUcdUmmm  AHi€ie$. 


tifelf  described  uudcr  the  names  of /ally  matter  of  the  brain,  c&^brote 
and  cenMe  acid. — Comptet  Bauhu,  Avril  12, 1847. 


ON  PLABT£ii  OF  FAKIS.     BY  M.  FLE88Y. 

All  clicralsts  have  agreed  with  M.  Gay-Lussac,  thnt  pulphnte  of  lime 
wliicli  had  lost  the  whole  of  its  water  ot  crystalliz  ation  by  the  action 
of  heat,  amounting  to  21  per  cent,  or  two  equivaieuts,  might  ha  re> 
hydrated,  and  tiie  aetting  of  plaster  was  explained  ^  it.  M.  Miikm 
haa,  however,  GOnunmucfltted  to  the  Academy  tbe  feuowiiig  remaika : 
"  Sul])liatc  of  lime  heated  to  230^  F.  loaea  l|  equivalent  of  water ;  at 
284^  to  293^  F.,  mere  traces  of  water  are  separated;  lai^tly,  when 
heated  to  572°,  the  plaster  is  rendered  anhydrous  and  does  not  then 
set/' 

These  results,  oppoaed  to  tlioie  obtained  by  M.  (Hy-Lttaaag,  ladooed 
M.  Fleaay  to  ooeapy  himself  with  a  question  which  ebemista  had 
supposed  to  have  heen  long  settled,  the  oooaidenKtion  of  which  M, 

Millon  has  resumed. 

The  facts  stated  by  M.  Plesi^y  arc. — 1st,  that  crypsuin  and  crystal- 
lized sulphate  of  lime,  artificially  prcparL  1,  lo^c  21  per  cent,  of  water 
at  280°  to  239^  F.  in  «  eorreot  of  dry  hydrogen,  a  gas  wbkh  ia  will 
known  to  exert  no  action  on  the  salt  under  tiie  dnnnnatanoea  in 
which  M.  Plessy  operated;  2nd,  plaster  heated  in  tiie  open  air  from 
230*^  to  239°  F.  readily  lost  15  per  cent,  of  water,  and  there  then 
appeared  a  stop  to  occur;  hut  at  2(jG°  to  284°  F.,  tin:  limit  at  which 
plaster  in  dehydrated,  accordiag  to  Mr.  Graliam,  Plcesy  separated, 
not  tncea  of  water,  bat  2  per  cent.,  and  this  waa  eflfeeted  in  a  very 
abort  apace  of  time;  hatly,  at  892^  to  482*^  F.,  the  plaster  operated 
on  suffered  a  total  loss  of  21  per  cent.  The  author  satisfied  himself 
that  it  was  anhydrous,  by  heating'  it  strongly  with  a  spirit-1>mi]>,  and 
yet  it  recomltiued  with  the  whole  of  its  water  of  erystnltization  so  ^ 
perfectly,  that  ul'ter  iiuviug  ssct,  it  lust  21  per  ceut.,  ur  two  e(j[Uivuleats 
of  watert 

It  af^pears  from  the  above  statement  tiiat  plaater  does  not  retain 
very  precisely  half  an  equivalent  of  water ;  for  at  270°  to  284°  F., 
the  loss  is  17  per  cent.,  nnd  the  half  equivalent  of  water  h  greatly 
endangered;  tiie  compound  S'0"2CaO.  HO  of  M.  Millon  is  de- 
stroyed, and  yet  it  is  formed  at  23U°  to  2Z2°  F, ;  at  tliis  temperature, 
moreover,  it  doea  not  eibt  in  a  enirent  of  dry  gas ;  ttiis  corabmatioa 
has,  notwithstanding,  been  obtained.  M.  Johnston  found  in  the 
boiler  of  a  steam-engine,  prismatic  crystals  oC  anlphate  of  lime  whioh  ' 
contained  hnlf  nn  equivnlt  nt  of  water.  i 

It  resulti*  from  the  experiments  now  detailed,  that  sulphate  of  lime  j 
which  has  lost  the  whole  of  its  water  of  crystallization,  may  regain 
it  when  tiiey  are  bronght  into  contact  | 

In  concluding,  M.  Plessy  remarks  that  hia  reaolta  are  oppoaed  to  I 
those  of  M.  Millon,  I  nt  that  they  have  been  previously  announced 
by  M.  Gay*Lus8ac  and  several  other  chemiata.— CiMi^jptef  Mmdust 
Avril  12,  1847. 
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LXXIL  On  the  Phatiometia  eMbited  Inf  Polarized  Light  whm 
its  plane  of  polariziuion  $$  rapidfy  naiaUd,  By  Professor 

Dove*. 

A  ^  unpolariied  light  exhibits  the  same  physical  properties 

in  all  planes  throughout  the  ray,  whilst  in  rectilioearly 
polarized  light  these  are  dilFerent  in  the  different  planes,  and 
attain  their  maxinm  and  minima  in  twoplrtne?;  situated  at  rifxht 
angles  to  each  other,  and  gradually  }^ass  into  one  another  by 
intL lined i;ite  stages  in  those  whicli  lie  between  them,  the 
r|uesi!()n  arises,  wliut  will  be  the  properties  of  polarized  light 
the  plane  oi  polat  izalion  oi  which  is  put  into  rapid  rotation. 
Tiie  experimental  answer  to  this  question  gives  rise  to  very 
naoierotts  ph^enomena,  which  illastrate  in  a  remarkable  man- 
ner several  positions  in  the  tbeoty  of  light,  which  have  as  yet 
been  only  tneoretieally  Uivestigaled. 

Two  supports  of  the  same  height  as  the  other  supports  were 
placed  to  the  triangular  prism  of  the  polarizing  apparatus, 
described  by  the  author  in  the  ScientiBc  Memoirs,  vol.  i.  p.86y 
in  the  fixed  rings  of  which,  hollow  rollers  could  be  set  in  rapid 
rotation  by  a  hand  passing  round  a  wheel  with  two  grooves* 
Both  the  lolkrs  cm\  rotate  in  tlie  same  direction,  and,  by 
crossing  our.  ol  the  bands,  in  the  opposite  direction.  Within 
and  on  both  sides  of  the  Iioilow  rollers,  Nichol's  prisms,  cir- 
cularly polarizing  plates  of  nncii  or  gKunid  crystalline  plates 
can  be  screwed.  1  he  cuntlenbing  lens  ol  tiie  apparatus  is  so 
placed  as  to  concentrate  the  light  of  an  Arsand  or  monochro* 
malic  lamp  in  the  pdarizing  apparatns»  whether  at  rest  or  in 
rotation.   The  results  of  the  experiments  were  as  follows  i-^ 

I .  Light  which  is  completely  polarised  rectilinearly  when  the 
NichoFs  prism  is  at  rest,  possesses  exactly  its  ordinary  pro- 
perties wnen  it  is  set  in  uniform  rapid  rotation,  if  the  analy- 
sing apparatus  is  not  rotated.   On  examination  by  a  doubly 

•  Tramlirtsdiw  Dr.  Griffith  fronitiieJSMAi^d^A^^ 
Feb.  1847. 
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refracting  prism,  when  the  rotation  is  slow,  it  constantly  ex- 
liibits  figures  of  the  same  brightness.  The  intense  comple- 
mentary colours  of  their  overlappmg  margins,  on  introducing 
a  lamina  of  selenite,  mica,  or  a  thin  hiyer  of  calcareous  spar, 
completely  disappear.  Tlie  complementary  system  of  nngs 
of  calcareous  spar  and  apophyllite,  ground  at  right  angles  lo 
the  axis,  the  splendid  i&ociiromatic  curves  of  nitre,  ground  at 
right  angles  to  the  line  bisectuig  the  angle  ibnned  by  the  two 
Bau§t  complittlj  oaotnilise  eicb  other»  beoomlng  white*  The 
same  applies  to  the  ooloara  of  unaoDealed  and  oompreaaed 
glass.  The  centre  of  the  sfs^tm  of  rings  which  in  rock- 
CTfstal  (on  slowly  rotating  the  polarizing  apparatus)  passes 
throogh  Che  colours  of  the  speetruin»  appears  perfectly  ooiom^ 
less  on  rapid  rotation. 

We  thus  have  in  the  rotating  polarizing  apparatus,  a  circle 
of  colours  for  the  complementary  colours  ;  and  not  only  for 
those  which  occur  in  Newton's  riugs»  but  also  for  tiie  comjili- 
cated  system  of  rings  ot  those  crystals  the  binary  axes  of 
vviiicii  are  either  situated  in  one  plane  witli  several  lines  of 
bisection,  or  in  diilereiu  pluue^  with  the  same  line  of  bisection 
(selenite,  borax). 

We  may  ea»ly  eonvuioe  onrseltes  of  die  tma  existeiiQa  of 
the  polarisation  on  tht  one  haodi  and  the  eokmred  eorrea  on 
the  ocher»  however  rapid  the  rotation  may  be.  We  need  only 
plaise  a  L^den  jar^  which  spontaneously  discharges  itself»  in 
the  situation  of  the  lamp,  to  illuminate  for  an  instant  tho  NIf 
chol's  prism  rotating  in  the  dark,  and  to  oonvert  the  rotation 
into  apparent  repose^.  With  monochromatic  light,  the  dark 
lines  of  interference  vanish  in  a  nniform  illumination.  If  the 
red  system  of  rings  be  separated  from  the  violet  in  a  binaxial 
crystal  by  a  glass  culourec)  bv  C()l>:Llt,  both  disapj>ear  during 
the  illumination  in  an  indehmte  coloured  mixture,  in  whicfi 
it  is  indiilerent  whether,  as  in  nitre,  the  red  axes  form  the 
lesser  angle,  or,  as  in  carbonate  of  lead,  die  violet. 

*  it  lieht  uliich  haf  been  perfectly  polnriztd  liy  reflexion  from  a  mirror 
be  trun&Miitted  &nt  through  an  unaunealcd  glass  and  then  through  twogla«s 
appends^  of  wliWi  the  rilhieting  plans  m  ens  li  fitinitad  in  ths  raflanag 
plana  ofthe  polarizing  mirror,  the  refracting  plane  of  the  other  being  aS 
right  angles  to  it,  the  colours  of  the  cooled  glass  enttrcij'  vanish  and  it  ap- 
pears whiter  provided  each  ofthe  two  analysing  apparatus  u  to  inclined  to 
the  incident  ray  as  to  polarise  an  nnpolariied  ineident  ray  to  the  tama 
oxtant* '  With  the  slightest  allaralloB  of  either  apparatu!i  the  caaipieB>ant» 
nry  imngce  immediately  appenv.  w  lien  the  figure  previously  nppctircd  co- 
lourlais.  This  at  once  anordti  a  very  simple  means  of  com[)arinu|  the  power 
of  two  polarizing  apparatus,  based  upon umple refinction, and oiBluttnitii^ 
the  views  of  Sir  David  Brewster  on  the  dependence  of  the  polarizuiioit 
upon  a  BOMbar  of  plati^  thair  lafiactifa  powar,  and  tha  inridanca  of  th« 
light. 


Digitized  by  Google 


I 


exhilnUd  by  Polarised  Ugkt.  467 

S.  If  Uw  polarizar  and  analyaer  be  rotated  with  equal  velo- 
city in  opposite  directions,  that  s^'stero  of  rings  is  seen  whicii 

is  obtsijned  whvn  both  are  in  repose,  and  inclined  to  each 
otiier  at  an  aziimith  of  4.5^.    This  is  particularly  di-stiru  i  vviien 
I  the  li^lit  is  rendei  i.tl  monochromatic  by  ii^mg  u  Uaine  ol  spirit, 

,  culuured  yellow  by  coniiiiuji  salt.    11  lu  c;lll^e  of  ihis  pliaino- 

,  meuou,  wiiicU  appt^ur^  ao  reuiarkabie  ai  lii^i,     ai  once  seen 

when  we  recollect  that,  when  one  apparatus  only  rotates,  the 
eiialysiiw  or  the  polarizing,  during  an  entire  revolntioi^  the 
arm  of  the  while  croe»  fidltwioe  at  oAan  on  the  same  apoi  as 
those  of  the  black,  and  the  dark  lines  of  interference  alttttnata 
with  the  bright  lines  of  eoincadenre  exactly  in  the  same  spots* 
When  however  both  apparatus  rotate  in  oppc^ite  directions, 
the  system  of  rings  witn  the  wliite  cross  appears  at  the  points 
0°,  90  ,  180^  ^270*^,  whilsL  the  system  ot  rings  with  the  black 
cross  corieaponds  to  the  points  45  ,  135  ,  225"  and  315  .  As 
the  briijht  arms  of  the  white  coincide  with  the  coloured  sf  jacLs 
ul  iii^  ciark  cro^,  the  impressions  of  the  two  are  ackled,  and 
we  obtain  the  appearance  above  stated*  If  the  rapidity  of 
roCation  of  both  rollera  is  exactly  the  saine»  the  fignre  appears 
motionkMS ;  bot  if  the  rapidi^  of  rotation  of  the  two  is  slightly 
different,  it  slowly  revolvesy  beoaase  the  points  of  coindcbnoa 
I  gradually  alter. 

1  S.  If  the  polarizing  and  anslyainff  apparatus  revolve  rapidly 

i  with  the  same  velocity  in  the  same  directions,  the  linear  system 

j#  of  rings  becomes  converted  into  that  which  is  obtained  when 

circularly  polarised  \\*A\t  is  circularly  analysed.  If,  belore 
rotation,  the  Nicholas  prisms  are  so  |)l:iccj  that  in  calcareous 
spar  the  black  cross  is  visible,  oii  roiation  we  ubiain  the  New- 
tonian reflected  rings  with  a  black  cunUe,  but  without  the  cross; 
b«t  it  when  at  rest,  the  white  cross  is  vuable,  we  then  aee^  on 
rotation,  the  Newtonian  transmitted  rings  with  a  while  centre. 
If  the  polarizing  and  analysing  apparatus  do  not  rotate  with  the 
same  rapidity^  we  see  the  remarkable  phaenoinenon,  that  the  re- 
flecte<I  r^ewtonian  rings  with  the  black  centra  and  the  trans- 
mitted  ones  with  the  white  centre,  constantly  alternate  io 
definite  periods  in  the  snme  spot  of  the  field. 

4.  If  ;i  cii  c  iiiarly  polarizin«r  apparatus  be  rotnted  in  nn  op- 
posite direction  to  the  linear  analyser,  the  suiiie  phijenuiueuon 
is  seen  as  when  a  linear  polarizer  and  a  linear  analyser  re* 
volve  in  oppobiie  dnections,  but  it  hi  less  distinct  (2). 

5*  If  tne  circularly  polarizing  apparatus  be  rotated, and 
the  linear  analyser  lie  kept  at  rest»  we  obtain  the  system  of 
rings  app^ring  at  the  quadrants  exactly  on  rotation  as  on 
vepose. 

at  If  the  cncolarly  polarizing  appantns  be  kepi  tl  mlf 
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and  the  linear  analjrser  be  rotated,  we  obtain  a  bint  system  of 
rings  without  a  cross,  with  a  gray  centre  surrounded  by  a 
black  circle.    The  direction  of  the  rotation  is  liere  indifferent. 

7.  ITllip  circularly  polarizifiG^  appnrnttis  be  rotated  in  t!ie 
same  direction  as  the  linear  analyse:-,  we  obtain  the  appear- 
ance, but  fainter,  wiiich  is  seen  wiien  a  linear  polarizer  and  a 
linear  analyser  are  rotated  in  the  same  direction,  the  rotaling 
velocity  nui  being  the  same;  hence  the  alternuling  system  of 
rings  (3). 

8.  Bnt  if  a  elreolarly  pohurinng  and  a  drcnlarly  analysing 
apparatus  be  rotated,  eitiier  in  the  same  or  in  opposite  direc- 
tions, this  has  no  influence  on  the  appearance,  which  is  per> 
fectly  identical  with  that  which  is  seen  when  both  apparatus 

are  nt  rest. 

9.  If  a  lamina  of  mica,  circularly  polarizing  at  an  azimuth 
of  45%  be  introduced  between  the  Nicholas  prisms,  nix!  he  kept 
at  rest  whilst  the  polarizing  Nichol's  prism  rotates,  tiie  systems 
of  rings  neutralize  each  other  on  linear  and  circular  analysis, 
forming  while  iiglit,  in  uui-  and  binaxial  crystals  and  ni  rock- 
crystal. 

10.  If  the  lamina  of  the  po1arizin|r  apparatus,  which  pro-  ^ 
duces  circular  polarization  at  an  azimoui  of  45%  be  rotated 
between  the  Nichol's  prisms  which  are  at  rest,  we  obtain  as 

the  resultant  of  all  the  phaenomena  of  light  polarised  eilipti- 
callv,  circularly  and  rectilinearlv  in  a  single  plane,  on  linear 
analysis,  tbe  pn.Tnomena  of  partly  rectilinearly  polarized  light, 
on  circular  analysis,  those  of  a  mixture  of  ordinary  and  cir- 
cular light,  /.  r.  in  the  first  case  the  system  of  rings  with  a 
dark  cross,  in  die  lutti  r  the  system  of  rings  which  vanishes 
at  the  nuadrants;  they  arc  liuwever  faint. 

In  all  the  foregoing  expenaienia  the  Nichol's  prisms  were 
crossed  before  the  rotation  was  commenced* 

11.  It  is  so  difficult  to  set  two  iaminsB  of  mica  or  two  Ki« 
cfaol's  prisms  either  at  an  exactly  equal  or  esacdy  opposite 
rotating  velocity  by  means  of  a  band  passing  round  a  wheel, 
that  iti  those  experiments  in  which  the  laminae  of  mica  being 
kept  at  rest,  the  Nichol's  prisms  rotate  in  tlie  same  or  in  op- 
posite directions,  or  in  which  the  Nichol's  prisms  being  at  rest,  , 
the  laminse  of  mirn  rotate,  the  relative  position  of  the  laminae 

or  of  the  NichoT^  piibins  is  mn-t ditly  becoming  somewhat 
changed,  and  iieuce  the  phaMiuaiciia  of  elliptical  l)ecome  mixed 
with  those  of  the  circular  light.  Hence,  for  the  production  of 
these  phsenomena,  the  motion  mustbeeflected  by  wheel-woriu 

IS.  Light,  originally  polariaed  rectilinearly,  when  trans-  ' 
milted  through  a  rotatmg  MichoFa  prism  and  then  analysed, 
yields  light  partially  pokiriied  in  the  original  plane. 
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19*  A  rotating  velocity,  which  oontinim  to  deemie  aiid 
incrme  through  sn  eatire  revolutiooy  in  (1)  and  (9)  prodoMf 
psrtMlly  polarized  instead  of  ordinary  iight. 

14.  Unamiealed  gUtfaesrotatiDg  between  Nichors  prisms  al 
rest,  do  not  neutralise  each  other  and  form  white  light. 

15.  Light  from  a  rotating  Nicbol's  prism  falliog  npon  a 
metallic  mirror,  possesses  the  ordinary  characters. 

16.  The  twiji-gruwth  of  crystals  gives  rise  to  very  compli- 
cated phsenomena  of  colour.  This  is  very  beauLltully  seen  in 
plates  of  calcareous  spar,  gruuiu!  at  right  angles  to  tlic  axis 
of  the  inclosing  individual.  The  autlior  has  formed  some  of 
tiiem  artificially,  by  introducing  a  lamina  of  selenite  of  a  de- 
finite thickness  between  two  a<icorately  centred  plates*.  If  a 
plate  of  a  natural  twin-crystal  be  rotated,  after  having  been 
accttralely  centred  as  reg^s  the  axis  of  rotatioo,  the  colours 
become  nentralifled»  forming  white  light ;  whilst  a  simple  plate, 
rotated  on  ito  axis,  preserves  its  system  of  rings  unchanged. 

N.B.  (The  pbtenomcna  of  interrupted  crystaUt  described  in  paragraph  16 
of  this  papei\  were  observed  l)y  Sir  uavul  Hrewstor  prpvioti^  to  1819;  and 
the  method  oi  torming  them  artiticialiy  by  enclo^iug  ianiinse  of  selenite  and 
ndca  betwcfln  accoratdy  centred  plates  of  calcareous  spar,  and  between 
equal  plates  of  the  tpath  calcaire  hatic,  whs  practised  by  him  previoosly  to 
Nlarch  1827,  the  date  of  which  i"?  si'^nptl,  in  his  Journal  of  Experiments,  by 
the  Vice-President  of  the  Hoyal  Society  ot  Edinbuxj^i.  The  experiments, 
too,  are  briefly  dHeribed in  hie TrestiM  on  Opticfl»  Ite  II.  disp.  ssfi.  ^ 
p.  lil7<^ED.] 

LXXIII.  On  ihe  D r polarization  o/' Light.    Bjj  i^ioi.  Dove. 

IF  rectilinearly  polaii/ed  light  be  allowed  to  (all  upon  a 
roi)i;h  surface,  as  a  white  wall,  it  is  perfectly  depolarized. 
This  phijenomenou  is  most  distinctly  seen,  by  allowing  the 
spectra  of  a  prbm  of  rock-crystal,  polnris^  at  right  angH»  to 
each  other,  to  fall  upon  such  a  surface,  and  analysing  the 
pDrpte»red  molting  from  the  violet  end  overlapping  the  red 
eztremity,  with  a  NichoFs  prism.  On  rotating  the  latter,  there 
is  not  the  slightest  alteration  in  colour.  This  depolarixatioo, 
which  eight  years  ago  the  author,  in  a  paper  commnnicat^  to 
the  Berlin  Siociety  of  Friends  of  Natural  History,  showed  also 
to  occur  on  the  roiijrh  internal  surface  of  bodies  covered  with 
a  refleclini^  layer,  profj^ressively  diminishes  with  the  obliquity 
of  the  inciilence,  so  that  even  the  dullest  surface  ceases  to  de- 
polarize at  very  acute  irjctdcnces,  Willi  perpendicular  inci- 
dence, it  also  extends  to  circular  and  elliptical  light,  which, 
when  reflected  by  a  rough  surface, is  depolarized,  i.e.  possesses 
the  properties  of  common  light.  If  the  explanation  of  the 
depolarising  property  of  rough  surfiKes  u  found  in  the  sup- 
position that  sucli  a  surface  reflects  In  all  directions,  hj  the 
converse^  the  combinatkm  of  light  polariied  m  all  possible 
*  ¥9^geaiMt%  Aimthn,  vol.  isiv«  p.M4» 
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planes  yields  common  light  by  reflexion^  A  truncated  holloir 
cone,  the  smaller  circular  section  of  which  was  about  fourteen 

lines  in  diameter,  and  the  larger  seventeen  lines,  was  [i^round 
into  a  glass  plate,  lour  lines  in  thickness  and  three  inches  in 
diameter.  The  lowermost  surfaces  of  the  glass  were  rough- 
ened at  the  margin  of  the  circular  section  and  blackened,  and 
the  larger  circular  section  was  covered  with  a  glass  plate,  upon 
which  a  circular  piece  of  tin-foil  was  pasted,  so  that  its  centre 
coiooided  with  the  axii  of  Uw  tntnoaled  coiMi  Tha  angle  of 
the  cone  at  the  apex  amoonted  to  W  When  this  e^pop 
ratus  if  tarned  towards  the  ran,  so  that  Ae  lajs  ML  at  nght 
angles  to  the  base  of  the  cone,  they  enter  the  annular  space 
between  the  tin-foil  and  the  dark  coating  of  the  sheath^  and 
arrive  at  the  reflecting  sorlaoe  of  the  hollow  eone  at  ao  aa^ 
of  35°  25^  thus  becoming  polarized  in  all  the  planes  of  re- 
flexion, nnd  fif\er  reflexion,  crossing  at  one  point  of  the  axis* 
In  the  ;ij>})aratns  made  by  ClLi  tlinir,  this  point  was  exactly  in 
the  plane  ot  the  smaller  aperture  ol  the  cone,  and  was  visible 
when  received  upon  the  surface  oi  a  ]iiece  of  white  j)a})er 
placed  there.  As  die  polarized  light  wuuld  be  depolarized 
oil  account  of  the  depolarizing  action  of  this  rough  surface,  it 
could  only  be  determined  that  it  wat  uopolariiea*  This  was 
efieeted  by  polariang  the  light  incident  upon  the  ooae  by 
means  of  an  inserted  glass  pTate»  and  tntrodttcing  a  plate  of 
mica  between  the  inserted  glass  plate  and  the  cone*  The 
point  remained  colourless. 

LXXIV.  On  Thialdiiie  and  Selenaldine,  two  new  arlijicial 
organic  bases.  By  Wohlbb  and  LlBBlG.  CommwrncuM 
by  Dr.  A.W.  Hofmann*. 

1.  Thialdine, 

THHE  peculiar  deportment  of  hydratcd  cyanic  arid  with  n\- 
dehyde,  which  gives  rise  to  a  new  acid  containing  the 
f  k  ments  of  aldehydite  of  ammonia  and  hydrated  cyanic  acid, 
iinhired  us  to  study  the  action  of  some  other  substances  on 
aldehyde  and  aldehydite  oi  aiiinionia. 

The  most  interesting  product  which  we  obLained  alone 
with  others,  is  a  new  organic  alkali  free  firom  oxygen^  and 
contsininfl  carbon  and  hydrogen  in  tilie  same  propcmona  as 
acetic  acid,  combined  with  sulphur  end  the  deownte  of  ant 
phide  of  ammonium.  This  substance,  which  we  caD  tfaiaU 
dinef ,  is  highly  remarkaUe  from  its  composition^and  we  hare 
no  doubt  that  the  method  whidi  led  to  its  discovery,  when 
applied  to  other  compounds  analogous  to  aldehyde  and  alde- 
hydite of  ammoni%  will  yield  a  long  aeries  of  new  and  inter- 

*  Gdmmunicated  by  the  Chemical  Society;  haWng  been  rend  Jaaiiaiy 4» 
1847.  t  CoatnMtiedftaaiArfiBP«ad«U«hjrd«. 
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esting  products.  The  study  of  these  substancr^  promises  to 
become  highly  important  for  the  theory  of  i  he  formation  of 
organic  bases,  in  which  the  action  of  ammonia  is  frequently 
very  prominent,  and  it  mny  be  expected  that  a  close  investi- 
gallon  oi  Llie  production  oi  organic  substances  containing 
sulphur  will  tnrow  some  light  upon  their  generation  in  the 
omnitni  of  the  pJent 

Tlie  preparation  of  thialdtne  is  venr  ein^ile.  One  pert  of 
aldehydite  of  ammonia  free  from  »taer  and  aloohol  la  dia- 
solved  in  from  twelve  to  sixteen  parts  of  water  $  one  ounce  of 
this  liquid  ia  mixed  with  from  ten  to  fifteen  drops  of  solution 
of  nmmonin,  and  treated  with  a  f^low  stream  of  hydrosnljihviric 
acid ;  after  iiult  an  hour  the  f^olutlon  begins  to  berome  turbid^ 
and  crystals  arc  diijositptl  o{  the  appearance  of  camphor  and 
of  consideral)lf  size  ;  atter  tour  or  five  houre  the  Hcjuid  again 
becomes  clcai-  and  the  operation  is  terminated.  The  crj'stala 
are  collected  on  a  funnel  and  washed  with  water  until  all  the 
Btt^pliide  of  anunomum  ia  separated.  IVeasare  between  bibu- 
lous paper  removes  the  adhering  water.  The  dr^  crystals  are 
dissolved  in  eether,  the'solution  mixed  with  a  tlurd  of  its  vo- 
lume of.  alcohol  and  left  to  spontaneous  evaporation.  The 
liquid  soon  deposits  very  regular  rhombic  tables,  which  oan 
be  obtained  nf  hnlf  an  inch  in  dimensions  if  too  rapid  an  eva- 
poration of  the  solution  has  been  avoided. 

If  no  more  of  the  solution  is  left  than  is  required  to  cover 
the  crystals  toiined,  the  mother-liquid  is  decanted  ofi";  the 
crystals  arc  then  dried  by  leaving  them  for  some  time  between 
folds  of  bibulous  paper.  The  mother-liquor  yields  some  more 
thialdiiio  on  evapotttioii.  The  cijatus  thus  obtained  are 
however  not  quite  oolouriess.  The  remaining  li(juid  contains 
mueh  sulphide  of  ammonium^  part  of  which  anses  from  tha 
ammonia  added. 

It  happens  sometimes  that  on  passing  hydrosulphurio  add 
gas  through  the  solution  of  aldehydite  of  ammonia,  no  cry- 
stalline body,  but  a  heavy  colourless  oil  of  offensive  ndonr  is 
deposited.  This  oil  is  a  mixtnrp  of  two  bodies,  the  greater 
part  being  thialdine,  the  fusing-point  of  which  is  depressed 
to  the  temperature  of  the  atmosphere  by  the  presence  of  a 
liquid  substance*.  In  order  to  obtain  pure  thialdine  from 
this  mixture,  the  supernatant  aqueous  layer  is  separated^  and 
the  remaining  liquid  (connstuig  principal  1\  of  the  oil  and  but 
a  small  amount  of  the  aqueous  solution)  is  agitated  with  half 
its  buUc  of  aether,  which  instantaneously  dissolves  the  oiL 
The  aethereal  solution^  which  may  be  easily  separated  firom 

,  9  Cmtalfl  of  thialdifie  when  placed  in  contact  with  tnlpliide  of  ammo- 
nium for  some  tiiTR-  arc  otitlrcly  converted  into  S  heavy  0il|  inioJttblo  in 
water,  wbicb  hoe  not  been  further  examined. 
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the  water,  is  agitated  in  a  stoppered  bottle  with  a  little  con- 
centrated hydrochloric  acid.  The  mixture  generully  solidifies 
as  a  mass  of  tine  needles,  which  may  be  sejjarated  from  the 
oil  by  washing  with  aether.  In  tiiis  manner  hydrochiorate  of 
thialdinc  is  obtained,  from  which  pure  thialdine  may  easily 
be  prepared  by  moititeiung  tlie  dry  cr^iitals  with  u  coact:u- 
trated  stduticm  of  anunfmuiy  and  ezteacting  the  separated  btae 
by  means  of  ether.  The  Kthered  aolntion  yields  hy  .sponta- 
neous evaporatbn  crystals  of  pure  tliialdine.  Addition  of  at* 
oohol  to  the  (-ethereal  scdntion  &cilitateB  the  crfstallization 
exceedingly;  the  ciystala  become  laigery  more  v^gular^  and 
perfectly  transparent. 

Pnre  thialdinc  is  heavier  than  water;  its  specific  gravity  is 
1*191  at  18*^  C. ;  it  forms  large,  transparent,  colonrlrss.  shiiimg 
crystals  of  the  form  of  coininon  frypsum,  possessing  a  hiirhly 
refracting  power  and  a  peculiar  aiomatic,  but  after  some  Imic 
very  disagreeable  odour.  The  crystaU  luse  at  4*i^  C. ;  tiic 
fused  crystals  solidify  at  42° ;  they  are  volatile  at  the  tempo- 
lature  of  the  atmosphere  without  residue.  Thialdine  diatils 
with  the  vapour  of  water^  but  is  decomposed  when  distilled 
abne^  a  heavy  oil  of  offensive  odour  passes  over^  solidifying 
only  partly  and  after  some  time/ whilst  a  brown,  syrupy  re* 
ttdue  containing  sulphur  is  left  in  the  retort.  Thialdine  in 
this  respect  resembles  aldchydite  of  ammonia,  which,  though 
volatile  itself,  cannot  be  exposed  to  a  higher  temperature  with- 
out decomposition.  If  a  crystal  of  thialdinc  remains  for  several 
hours  in  an  atmosphere  containing  acid  vapours,  such  as  is  the 
case  in  the  laboratory,  a  u  iule  envelope  of  fine  silky  ueedless 
is  found  at  a  certain  distance  from  the  planes  of  the  crystals. 

Thialdine  is  hut  little  sohible  in  water;  it  is  soluble  in  si* 
oohol|  and  much  more  so  in  «ther ;  when  powdeied  it  ddi* 
quesces  at  the  common  temperature  in  vapour  of  sether^  or  in 
an  atmosphere  containing  vapour  of  aether. 

An  aJooholic  solution  of  thialdine  eschibits  the  following  re> 
actions : — 

With  acetate  of  lead,  at  first  no  precipitate,  hut  after  some 
time  a  yellow  deposit  appears,  which  soon  becomes  red  and 
finally  black. 

Nitrate  of  silver  causes  a  precipitate^  which  at  first  is  whit^ 
then  yellow,  afterwards  black. 

With  chloride  of  mcrcory  a  white  predjdtata  is  produced, 
tumine  rapidly  yellow. 

With  mchbride  of  platinum  a  dmgy,  yellow  predfutate  is 
thrown  down  after  some  time. 

Thialdine  has  no  reaction  on  vegetable  colours  ;  it  is  solu- 
ble in  nil  acifl*^  with  ^^  hic  !i  it  combines,  forming  crystallizable 
salts  i  the  hydrochiorate  aud^  the  nitrate  are  remsrkable  ibr 


Digitized  by 


ThiaUUm  and  ikktuUdme. 


473 


the  fiKsiiitf  with  whidi  tliey  cryttalltfe  and  for  the  beauty  of 

the  cryst^. 

Thialdine  and  its  salts  are  deoomposed  when  gently  heated 
with  a  solution  of  nitrate  of  silver;  sulphide  of  silver  is  pro- 
duced with  disengagement  of  a  combustible  gas,  easily  in- 
flammable and  possessinir  tlx-  odour  and  all  the  proporlies  of 
aldehyde;  namely,  it  is  entirely  absorbed  by  concentrated 
sulphuric  acid  and.  solution  of  ])otassa,  the  iurmer  becoming 
brown  immediately,  the  latter  remuiiiiiig  clear  but  depositing 
when  gently  heated  a  yellowish-brown  precipitate  of  resin  of 
aldehyde^  and  assuming  the  peculiar  and  offensive  odour 
which  acoompanies  the  deoompoBition  of  aldehyde  under  these 
arcumstances. 

When  thialdine  is  ignited  with  Hme,  chinoline  appears 
among  the  products  of  decomposition^  which  may  be  easily 
recognised  by  its  characteristic  odour  and  by  its  beautiful 
platinum  salt. 

With  cyanide  of  mrrniry  thialdino  cxliibits  a  peculiar  com- 
portment. On  mixmg  the  two  sulutions  a  white  precipitate 
is  produced,  which  on  boiling  is  converted  into  amorphous, 
black  sulphide  ui  mercury,  if  this  decomposition  takes  place 
in  a  retort  its  neck  become^  coated  with  fine  crystalline  nee- 
dles, extremely  volatile,  insoluble  in  water  but  easily  soluble 
in  aksoliol  and  sBther.  Tins  new  body,  in  which  part  or  all  the 
sulphur  apfjears  to  be  replaced  by  cyanogen,  is  formed  in  but 
small  quantities,  whidi  up  to  this  moment  has  pievented  ue 
&om  studying  it  any  further* 

The  analysis  of  thialdine  was  performed  in  the  usual  way ; 
the  combustion  with  oxide  of  copper  is  attended  with  diffi- 
culties, as  the  com  er^ion  of  carbon  into  carbonic  acid  is  ob- 
structed by  the  large  (|uantity  of  sulphur  contained  in  the 
body  forming  a  corresponding  amount  of  sulphide  of  copper 
at  the  })omt  of  contact  between  the  substance  and  oxide  of 
copper. 

On  burning  thialdine  with  oxide  of  copper  and  separating 
the  sulphurous  acid  formed  by  means  of  peroxide  of  lead,  a 
gas  is  obtained  contaiaing  volumes  of  nitrogen  and  carbonic 
acid  in  the  proportion  of  1 : 12*  Aldehymte  of  ammonia, 
from  which  tniaJdine  is  produced,  contains  4  equivs.  of  car- 
bon to  1  equiv*  of  nitro^ny  from  which  it  is  evident  that  al- 
dehydite  of  ammonia  on  being  converted  into  thialdine  by 
means  of  hydrosulphnricacid  has  lost  two-thirds  of  its  nitrogen. 

We  have  mentioned  that  thialdine,  on  being  gently  heated 
witl\  a  solution  of  nitrate  of  silver,  has  its  sul[)hnr  ronvc  rf  rd  into 
sulphide  ot  sdver.  This  mode  of  decomposition  was  tjuploved 
to  determine  the  sidphur.  The  nitroircn  of  the  thialilnii  rr- 
mains  in  the  icaiduaiy  iit^uid  in  the  iorm  of  ammonia^  iirom 
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ivfaioh  H  WAS  precsintattd  bj  bielikvidd  of  plifliiiiiii,  Mvi  do- 

termined  in  the  usual  w&y*^ 
0-3633  gnn.  of  thialdine  gm  05845  gm.  of  cnbonioBrad 

and  0*267  gnn.  of  water. 
0*509  prm.  of  thiakUne  gave  0*816  giBk  of  oniiwiiio  acid 

and  0*3 7 20  of  water. 

0*450^  mra.  of  thialdine  gave  0*666  gnn,  of  ammonuK 
chloride  ot  platinum. 

0*6430grm.  ot  tlajiklinegnve  1*923  gim.  of  sulphide  of  silver. 

0"3140  grm.  of  thialdiiie  gave  0*8420  gnn.  oi  water. 

The  atomic  weight  having  been  asoerteined  by  the  analysis 
of  the  hydfoehlonte  and  nitrnte^  the  {Hreoedfaig  numbeta  Md 
to  the  ^ulowing  ibmrala* 

ae  will  be  eeen  on  comparing  thefheoreHcalattdexperi] 
nnmbcfs. 

12  eqs*  of  Carbon  . 

Id  Hydrogen 
1  ...  Nitrogen  . 
4  Sulphur  • 


lleiti  of 

expprimcnli. 

44-17 

43-80 

18 

8-04 

8*04 

14 

8*58 

8-54t 

64 

39-14 

16.^ 

Hydrochhrate  of  Thmldine, — Thialdine  is  dissolved  in  large 
quantity  by  hydrochloric  acid :  the  sutui  ated  solution  has  an 
acid  reaction.  On  spontaneouii  eraporation^  or  concentmSoa 
on  the  Iretq^bath,  it  deposits  large,  regular^  transpafsnt priaois 
of  great  lustre^  and  freqnentljr  an  hwh  hi  length.  Hie  hydro- 
chloric solntioQ  of  omde  thialdfaie  contains  in  admixture  a 
fofcign  body  of  most  oflbnsive  odonr  i  on  agitatine  with  aether 
this  odour  diBappears  fanmediatefy^  and  tiie  liquid  which  for- 
merly was  turbid  becomes  pcrfecfly  transparent.  Hydrochlo- 
ratc  of  thialdine  is  rather  "joliihle  in  wnfer,  1p9«?  go  in  alrohol  \ 
both  hquids  dissolve  a  large  quantity  when  hot,  and  deposit 
beautiful  and  i^orfoctly  regiilar  crystals  on  coohng.  Hydro- 
chlorate  of  tiiiuldine  is  insohible  in  tether.  When  heated  in 
the  dry  state  this  salt  is  dccuiiiijoyed  without  fusion  \  it  be- 
comes brown,  and  chloride  of  ammonium  sublimes  with  evo- 
lution of  a  gas  possessing  a  most  ofiRsnsive  odour  and  bmning 
with  a  dulf  ilame.  Ftom  the  sedation  of  this  salt  nitrate  m 
silver  throws  down  a  yellow  predpitale,  whichy  on  beb^ 
gently  heated,  tm'ns  black  with  evolution  of  aldehyde.  This 
black  precipitate  is  a  mixture  of  chloride  and  sulphide  of 
silver ;  all  the  nitrogfn  of  the  base  temains  in  the  liquid  in 
the  iborm  of  ammonia* 

*  Th«  fiillowiiig.anaIys«8  wtre  mad*  by  Dr.  Stneker  at  Gi«MD»  and 

Dr.  Studlcr  in  Gottingen. 
t  Catenlsted  from  tfa«  proportioa  of  12  C :  1 K. 
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0*4577  gnn.  of  hydrochlorsle  of  thialdine  gsft  0*5988  gnn. 

of  carbonic  acid  and  0*2850  prm.  of  water,  corresponding  to 
85*35  per  cent,  of  carbon  and  (>'*J2  per  cent,  of  hydrogen. 

0*72G  grm.  of  hydroclilorate  of  thialdine  gave  6*789  grna.  of 
ammonio-chloridc  of  ])latinum. 

0*7735  gnn.  of  liydrochlorate  of  thialdine  gave  0*8225  grm. 
of  ammonio-chloride  of  platinum.  In  the  mean,  6*79  per  cent, 
of  nitrogen. 

0*7798  gnn.  of  hydrooUonte  of  thialdine  gm  1*890  gnn. 
of  mbUdo  of  dh<er  a  89<I9  pir  oMit  of  ralfniir. 

0*7785  gnn.  of  hydroolilonile  of  thiaUBne  gafo  1*916  gnn« 
of  tn^^iidt  of  ■flNpor  &=  81*99  per  cent,  of  sul^nri 

0*7598  gm.  of  hydrochlorate  of  thialdine  was  precipitated 
with  nitrate  of  silver  and  boiled  until  evolution  of  gae  had 
oeaaed;  the  precipitate,  when  extracted  with  ammonia  and 
precipitated  with  n it nc  acid,  gave  0*5288  grm*  of  ohionde  of 
silver  =  17*14  per  cent,  of  chlorine. 

0*7735  grm.  treated  in  the  same  way,  gave  0*5405  grm.  of 
chloride  of  silver  =  1 7*2'4  per  cent,  of  chlorine. 

0*77^  grm.  dissolved  in  alcoliol  and  precipitated  in  the  same 
manner  with  nitrate  of  silver,  ga\  c  1*912  grm.  of  sulphide  of 
silver  =  31*903  per  cent,  of  sulphur  and  0*551  grm.  of  chlo- 
ride of  flilTer  B  17*551  per  oent  of  ohioime. 

0*441  grm.  ignited  with  a  mixfeiire  of  lime  and  nitrate  of 
potassa,  gave  0*83  grm.  of  ohloride  of  silTer  bb  17*94  per  cent* 
of  chlorine. 

These  results  lead  to  the  fiiUowiog  formula  for  hydrochlo- 
nte  of  thialdine^ 

H,3NS4,  UClf 

aa  may  be  seen  from  the  following  comparison  between  the 


12  eqs.  of  Carbon  . 

14    ...  Hprdrogen 
1  Nitrogen 
4  Bnbihur. 
1  Chlorine 


Theory. 

Mean. 

72 

36-10 

35-35 

14 

7*02 

14 

7-02 

6*92 

64 

89^ 

81*97 

85*4 
199*4 

ir77 

17-47 

NUraU  if  fMoMie^This  salt  mi^  be  obtained  by  mixing 
thia  base  dnectly  with  dihite  nitric  and;  it  isi  however,  pre- 
ftnUe  to  dissolve  emde  thialdine  in  aether^  and  agiti^  the 

liquid  with  moderately  concentrated  nitric  acid ;  the  solution 
solidities  into  a  crystalline  mass,  which  is  washed  with  tether^ 
dissolved  in  water,  and  crystallized  by  evaporation  and  cooling. 

Nitrate  of  thialdine  forms  fine  white  needles,  more  soluble 
in  water  than  the  hydrochlorate;  they  are  soluble  in  cold, 
and  more  so  in  hot  alcohol^  from  which  liquid  they  likewise 
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vecgTBtallize  on  cooling :  they  are  tntoluble  in  aBthar ;  on  Iml* 
ing  they  fiise  and  arc  decomposed* 

On  burning  this  salt  wiUi  chromate  of  lead,  more  accurate 
numbers  for  the  carbon  and  hydrogen  were  obtained  than  in 
the  analysis  of  tliiakline  itself  or  the  hydrochlorate,  a  result 
V  birh  can  easily  be  explained  by  the  co*operalion  of  the  oxj^ 
gen  in  tlic  nitric  acid. 

0*357  grui.  of  nitrate  of  tliialdine  gave  0*4155  gnn*  of  car- 
bonic acid  and  U'2045  gnn.  oi  water. 

0*514  grm.  of  nitrate  of  tbialdine  gave  1*116  gnu.  of  sul- 
phide <tf  silver. 

0*6696  jpirm.  of  nitrate  of  tbialdine^  when  ignited  with  a 
nurture  of  potassa  and  nitrej  gave  1*4063  ^rm.  of  sulphate  of 
baiy  ta ;  the  mean  of  the  two  latter  ezperunents  e^oials  28*4 
per  cent,  of  sulphur. 

Tliese  results  lead  to  the  following  formula  for  nttnfte  of 
tbialdine,—  C„      N  S^,  H  NOg, 

as  will  be  seen  by  the  following  comparison  between  the 
theoretical  and  experimental  numbers 

Theory.  Exjicriment. 
12  cqs,  of  Carbon    .  72  31*80  31*75 

14    •**     Hydrogen  14  6*19  6*36 

2  Nitrnnren  28 

4    ...     Sniphur  .  64  28*34  26*40 

6    ...     Oxygen  ,_4S 

226 

The  formation  ot  thialdnu  is  easily  accounted  for:  3  cqs. 
of  aldehydite  of  ammonia  and  6  eqs.  of  hvdrosulphuric  acid 
transpose  into  1  eq.  of  tbialdine,  6  eqs.  of  water,  and  2  eqs. 

of  sulpliide  of  ammonium. 

3  cqs.  of  Aldehydite  of  ammonia  .  Cjg  Hgi 
6  •••  of  Hydrosulphuric  acid  .    •       H  ^ 

1  eq.  of  Tbialdine  CijHjaN  % 

6  eqs.  of  Water   H  g 

2  of  Sulphide  of  ammonium  .      H  Sg 

But  the  question  respecting  the  real  constitution  of  this 
body  is  too  closely  connertffl  \\\th  that  of  the  true  ronstitu- 
tion  of  organic  bases  ni  general  tu  admit  of  any  detiuite 
opinion  being;  promulgated  at  this  m  luent,  when  so  few  ex- 
periments on  the  subject  are  as  yet  btlore  iis.  Still  we  can 
imagine  how  imjportaut  for  the  general  question  facts  like  the 
fiinnalion  of  tbialdine  may  hereafler  become,  and  that  just 
from  this  quarter  peiiiapa  a  ^  ay  Ibr  its  aolatkm  may  be  ob* 
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tttned.  We  will  here  meidj  allude  to  an  explanation  of  the 
constitution  and  baaic  ehuacter  of  thialdine,  at  once  obvious, 
namely,  that  it  ma)r  be  regarded  as  a  copulated  compound  of 
aulphide  of  ammonium  with  3  eqs.  of  a  body 

0411,89 

which  ia  the  sulphide  corresponding  to  the  oxide  in  aldehyde, 
namely»  aulphide  of  acetyl. 

The  exiatence  of  thialdine  and  the  mode  in  \vhich  this  base 
ia  formec^  induced  ua  to  trythe  preparation  of  a  correapond- 
ing  aelenium  compound.  We  pmedfy  aucceeded  in  obtain- 
ing that  body :  aelenaldiney  however,  ia  ao  aoon  and  earily 
altered,  that  we  have  not  as  yet  been  able  to  autgect  it  to  a 
more  profound  inveatigation. 

Seienaldine  waa  produced  by  passing  into  a  concentrated 
solution  of  aldehydite  of  ammonia  hydroselenic  acid  gas,  dis- 
engaged trom  sclenide  of  iron  by  means  of  sulphuric  acid. 
In  order  to  prevent  the  decomposition  of  hydroselenic  acid 
by  tlie  oxygen  of  the  atmosphere,  the  whole  apparatus  had 
been  filled  previously  with  hydrogen.  The  excess  of  the  poi- 
sonous hydroselenic  acid  was  condensed  in  a  potassa  appa- 
ratua.  AAar  aome  time  the  aolntxon  of  aldehydite  of  ammonia 
begina  to  become  turbid,  and  crystda  of  amenaldme  are  de- 
pooited.  When  the  maaa  of  crystua  ia  no  longer  augmented, 
the  exceaa  of  hydroselenic  add  is  expelled  by  a  atream  of  hy- 
drogen gas ;  the  solution  of  aelenide  of  ammonium,  covering 
the  crystals,  which  soon  turns  red  and  deposits  selenium,  is 
now  displaced  by  introducing  a  ^ream  of  cold  water,  free  from 
atmospheric  air,  through  one  of  the  glass  tubes  connected 
with  the  bottle.  The  ciystals  are  then  collected  upon  a 
filter,  pressed  between  folds  of  bibulous  paper  and  dried  over 
sulphuric  acid. 

Seienaldine,  as  it  is  deposited  from  the  liquid  in  which  it 
forms,  presents  itself  in  small  colourless  crystals,  doubtless 
iaonMnphooa  with  thialdine.  In  contact  with  the  atmomhere 
it  tuna  immediately  yelbw.  Thia  aubetance  haa  a  feeble  but 
diaagneaUe  odour;  it  ia  alightlv  aoluble  in  water,  on  whidi 
account  it  should  not  be  waahed  too  long.  The  a(|ueous  so- 
lution and  the  last  waahings  become  aoon  turbid  in  contact 
with  the  atmo^here,  and  deposit  an  orange-yellow  body. 
The  same  deportment  is  exhibited  by  the  solution  of  seie- 
naldine in  alcohol  and  ttther,  in  both  of  which  it  is  easily 
soluble.  In  consequence  of  its  being  so  easily  altered,  we 
did  not  succeed  in  obtaining  this  base  in  crj  stals  from  any  of 
the  solutions  mentioned.  On  evaporating  them  in  vacuo  over 


Digitized  by  Google 


4/8  Dr.  E«  A.  Snuth'a  Memarks  on 

sulphuric  aoLd^  the  gnaiUr  portioa  of  the  substance  is  vola- 
tilised with  •decomposition^  the  jellow  body  beiog  likfwise 
produced,  while  sulphate  of  ammonia  is  foxmed  in  the  sul<« 

phnric  acid.  Also,  when  heated  alone,  sclenaldine  is  decom- 
pobed,  ^vitli  di.sen«ragement  of  a  2tis  of  most  od'ensive  odour. 
Selonakiiiie  i.s  a  base  like  thialdinc ;  it  is  soluble  in  dilute 
huUucldoric  acid,  and  renrecipitated  by  ammouia  as  a  cry- 
stalline mass.  Tlie  hydiochloric  solution  also  immediately 
decomposes  with  evolution  of  a  most  offensive  odour.  Scle- 
aaldine  is  altered  in  a  similar  manner  by  boiling  with  water. 
The  yellow  body,  the  ftrauitioii  itf  wiueh  attama  to  be  alwmya 
attenaed  with  a  liberatum  of  aldebydite  of  aannonia,  wheo 
oollflcted  la  orange-yellow,  amorphouB,  aoluble  in  alcohol  and 
aether,  and  fuaea,  when  heated  with  water,  to  a  reddish  yellow 
mass,  which  remains  sofl  for  a  long  time.  When  heated  alone, 
tbia  body  ia  chamd  with  evolution  of  an  dl  ooataining  aele> 
nium  and  possessing  a  most  offensive  odour. 

We  did  not  obtain  a  decisive  result  when  trying  to  produce 
a  tellnraldinc,  the  tellurium  whicii  wc  employed  in  the  pre- 
paration of  the  hydrotelluric  acid  accidentally  rontinning  so 
large  an  amount  of  selenium,  that  merely  ^<  leiuildine  wf^  de- 
posited from  the  pm'ple  solution,  couUuiiing,  as  it  appeared, 
only  telluride  of  amnionium.  We  intend  to  repeat  thii>  ex- 
penment  with  tellurium  free  from  adeniiuiu 


LXXV.  8am  Bemarh  m  tk$  Ait  md  Waier  Tamm^ 
Bff  RoBMBT  Aweua  Smithi  Ph*D.* 

LFAVING  given  oonaidenMe  aMentum  to  inqdiy  into 
the  cftitaea  alfectin||[  the  health  of  towns,  I  waa  aniioiM 
to  find  what  the  feal  evtl  in  theur  noUuted  atmospheie 
aisted  of ;  the  air  baa  been  frequently  examined,  but  the  di^ 
ftvenees  found  do  not  sufficiently  account  for  the  diflbrencea 
perceptible  in  breathing  for  the  first  time  in  entering  a  laij^ 
town  from  the  country,  or  for  the  very  great  difference  m 
the  colour  and  n])peamnce  of  both  when  contrasted  side  by 
side,  by  an  individual  outside  a  town,  having  both  before  his 
eyes.  The  accumulation  is  great  in  ihi'^  rns(»,  it  is  true,  but 
therefore  so  much  the  more  fitted  for  showing  us  its  true 
character, 

I  first  examined  the  rain-water  taken  Iruin  a  eislern  ^  a  little 
was  boiled  down  and  the  sohd  residue  was  like  fatty  matter, 
which  bnfnt  and  gave  the  ameU  of  a  Hit,  leaving  anerwarda 
a  atnmg  odour  at  nitrogeniaed  oiganie  matter.  Aa  ihn 
amounted  to  nearly  one  per  cent.,  I  waa  dlspoaed  to  eon- 
*  Commoiiiealed  bj  the  Cbemical  Sodfllj;  liafiqgbeMi  read  Jaaoarj^^ 
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it  an  accidental  impufity^  and  collected  some  rain  in 
a  poiTelfun  vessel  previously  carefully  cleaned.  A  smaller 
amount  was  obtained,  but  still  from  "00  Ln  aiiis  of  the  water  a 
suthciciit  quantity  to  make  the  smeii  distmct.  I  know  that 
organic  matter  has  been  found  in  rain-water,  but  I  am  not 
aware  that  the  smell  of  nitro«^enized  matter  has  been  distinctly 
observed.  It  has  been  obtained  also  by  boiling  down  huge 
quantities:  I  have  never  found  it  to  fail  in  evaporating  as 
littk  ta  1000  grs.  Tin  •moimt  was  geuerallv  about  *01  of  a 
gnon  In  1000  grs.,  but  tbo  average  oaimot  be  got  without 
trying  many  seasons  and  many  pl^^. 

1000  gra*  collected  on  the  23rd  of  November,  1846,  io  a 
platinuni  vaiitl,  afler  raining  thirty  hou»  with  little  inttt^ 
mission,  gave  with  nitrate  of  silver  a  precipitate  weighing 
0*11  grs.  =  0*027  of  chlorine,  and  with  a  salt  of  barytcs  0*1, 
equal  to  0-0343  grs.  of  sulphuric  acid*  beaidea  a  perceptible 
meli  of  organic  matter  m  before. 

I  do  not  adduce  this  aiinlysis  as  of  any  prcat  importance 
in  showitig  the  amount  j  llie  quantity  operated  upon  is  small, 
and  I  was  desirous,  for  the  sake  of  the  salts,  not  to  expose  it 
to  tha  contact  of  any  vmmI  which  ooold  be  acted  on  1  but  I 
mMition  it  to  ahow*  that  tha  quantity  is  not  such  aa  can  ba 
only  procoiad  by  the  qu^onable  prooeta  of  boiling  down 
laiga  quantiftiaa  in  vaaiala  too  laijga  to  admit  of  boing  iMrfectly 
olaanad* 

The  water  is  often  alkaline — I  say  oftaiii  hut  I  have  always 
found  it  so;  by  boiling  this  is  lost,  provin;^,  as  I  think,  that 
there  is  more  carbonate  of  ammonia  set  free  from  the  burning 
of  coals  than  is  neoessazy  to  saturate  the  sulpbuho  acid  in 
the  atmosphere. 

The  air  is  often  acid,  as  evidenced  liy  Icst-jicipcis  exposed 
to  it ;  and  it  certainly  proves  vciy  ucid  when  certain  quantities 
of  coal  arc  burnt. 

It  would  have  been  well  to  ha?e  eiemined  water  from  tha 
oonntiy  ftUinfi^  at  the  same  time,  but  being  persuaded  that 
water  ao  impure  would  lon^  ago  have  betti  examined  if  it 
even  fidi  over  large  diacriota  m  auch  a  state,  I  piefened  look* 
jng  to  its  orkin. 

As  to  aa  I  am  awava  no  examination  of  unventilated  places 
has  given  us  a  good  proof  that  carbonic  acid  is  the  greatest 
agent  in  makinj^  them  so  actively  injuriotts.  I  bn-athed.  jind 
had  others  to  breathe,  through  a  bent  tube  into  a  large  jar, 
and  examined  the  moisture  in  the  jar.  As  it  always  con- 
tained organic  matter  in  large  quantities,  I  inferred  that  the 
same  must  occur  w*hcn  the  perspiration  and  breath  coa- 
dtiu^it;  upon  the  wiuduw;^  of  ciuwdtd  looms. 
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Tins  condensed  moisture  Is  not  easily  obtained  in  sufficient 
quantities ;  but  on  the  occasion  of  a  concert  at  the  Mechanics' 

Institution  here,  I  collected  200  grs.  from  one  window,  letting 
it  drop  into  a  small  plntiuum  basin.  Hy  biirninir  5  grs.  ot"  this 
tlie  Hinell  was  made  apparent;  by  buniinL^  \  '>f>  irrs.  a  stronc^ 
smell  of  human  Hwcat  r;mie  oH',  continuing  until  the  sub- 
stance was  dry.  It  will  therclbre  be  difficult  to  tell  how 
much  organic  matter  was  contained  in  the  whole,  as  a  great 
deal  evaporated,  but  abo?e  2  grs.  were  ¥^n  heated, 
this  smelt  like  bnmtn^  flesh,  and  was  very  disagreeable. 

We  know  that  volatile  prodacts  escape  ftom  the  bodiea  of 
animals,  and  are  mixed  with  the  air  so  as  to  undergo  com- 
plete oxidation ;  but  this  cannot  be  any  important  part  which 
the  air  has  to  perform,  as  the  following  facts  show  that  the 
oxidation  is  best  efferted  in  the  earth.  It  may  however  be 
im|)ortant  that  bodir*^  slionld  decompose  in  this  mainu  r.  be- 
cause tliey  are  also  more  readily  conveyed  by  the  atmosphere 
to  plants. 

When  we  see  the  volatile  and  decomposing  matter  from 
the  body  so  distinctly  as  in  the  last  case  mentioned,  it  in 
possible  for  us  to  concdve  that  infeotiouB  matter  ia  not  a  sob- 
Btanoe  so  very  subtle  as  has  been  supposed ;  we  have  oufy  to 
allow  it  to  be  in  a  peculiar  state  of  decomposition. 

Burning  in  a  platinum  crucible  and  the  odour  discover  a 
very  small  quantity  o^  organic  matter,  such  as  it  is  acavoeiy 
safe  to  trust  to  the  results  of  the  balance.  I  hope  in  a  future 
paper  to  show  the  qimlities  of  several  water  districts  in  this 
rr!5pcct,  but  at  present  give  an  abstract  only  of  the  results  of 
auch  observations  as  I  have  made,  hoping  that  the  constant 
and  almost  monthly  variation  of  the  water  ot  w  hole  districts 
will  be  u  sufficient  excuse  for  the  absence  of  an  arranged  set 
of  results. 

When  water  from  a  peaty  district  is  boiled  down  and  the 
ashes  burnt,  the  smell  of  peat  is  distinctly  observed.  The 
river  Dee  at  Chester  contains  25  grs.  of  organic  matter  to  the 
gallon,  and  the  smell  is  as  perceptible  as  at  Llangollen,  close 
to  a  peaty  district.  500  grs.  of  the  water  are  sufficient  to 
indicate  this  very  strongly.  Water  from  the  Lancashire  and 
Yorkshire  hills  may  be  knoM  n  to  contain  peat  al^o  hv  testing 
the  same  quantity,  althuugli  uiany  of  the  streams  do  nut  eon- 
tain  15  grs.  per  gallon.  Some  of  the  canals  near  Manchester 
may  be  known  to  be  supplied  from  peaty  districts  by  the 
same  tests.  But  whenever  we  approach  a  town  the  smell 
from  the  burnt  ash  ehangcs^  and  organic  matter  from  the  de- 
composition of  protein  compounds  is  distinctly  traced.  So 
easily  is  this  known,  that  when  water  was  brought  to  me 
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from  the  Dee,  above  Llangollen  and  below,  it  appeared  evi- 
dent that  even  this  small  to\Mi  had  art'ected  the  river.  Before 
the  water  arriN-es  at  Cheater  the  peat  predominates  too  much 
to  make  it  perceptible  that  matter  from  towns  has  been 
thrown  into  it;  below  it  is  distuct  Water  from  surface* 
drainage  indicates  by  the  same  mode  of  treatment  nitrogenous 
matter  undecomposedt 

Observing  this  increase  of  organic  matter  on  approaching 
towns,  I  naturally  expected  to  find  a  large  quantity  in  the 
wel!;^,  of  which  there  are  many  in  Manchester,  j>laced  as  they 
often  ait:  in  the  neighbourhood  of  cesspools,  besides  beings 
exposed  to  the  infiltration  of  the  water  of  drains. 

A  well  was  first  examined  in  a  garden  near  the  town,  the 

1>roprietor  having  complained  of  it  as  being  unwholesome, 
t  contained  40  grs*  of  common  salt  per  gallon,  14  grs.  of 
organic  matter  and  salts  of  ammonia,  besides  other  ingrraients 
to  he  expected  in  connection  with  organic  matter.  I  next 
examinea  a  well  near  a  burying-grouod;  it  was  loaded  with 
Inorganic  salts.  Its  taste  was  ver^  bitter;  when  evaporated  * 
and  Dumt,  the  remaining  inorganic  matter  gave  out  a  pun- 
gent acid  vapour.  Four  wells  in  the  same  neighbourhood 
were  examined,  all  with  the  same  results.  I  then  went  to  nearly 
all  the  churchyards  in  Manchester,  of  which  there  is  a  consi- 
tlerable  uuiiiber,  but  finding  that  the  neighbourhood  of  the 
collegiate  church  gave  the  same  indications  as  all  the  rest, 
although  there  have  been  no  burials  there  for  many  years,  I 
was  induced  to  ascribe  it  to  the  presence  of  large  dung-hcaps 
dose  to  the  well.  Other  wells  distant  from  churchyards,  but 
near  cesspools,  gave  the  same  result*  In  the  suburbs  they 
were  not  so  much  tainted,  but  in  some  newly-built  streets 
cdose  to  the  town,  in  gravelly  soil,  were  ver\'  bad. 

I  have  no  doubt  that  the  churchyards  and  the  cesspools  act 
in  a  similar  manner,  as  we  might  naturally  expect.  Thceliief 
impurity  is  a  collection  ol  inorganic  salts.  It  is  remarkable 
how  rapidly  the  organic  matter  becomes  oxidized  and  con- 
verted into  nitric  acid  in  the  soil.  In  one  case  I  found  as 
much  as  70  grs.  of  nitrates  in  u  gallon  of  water,  besides  mag- 
nesiay  lime  and  alkalies.  This  water  seems  to  be  a  favourite 
with  some  persons ;  when  not  quite  so  heavily  charged  it  has  a 
fine  sparkling  appearance.  The  wells  in  the  centre  of  the  to\vn 
have  nearly  disappeared,  otherwise  it  is  probable  that  organic 
matter  would  have  been  found  there  in  a  less  oxidized  state. 
As  these  wells  have  undergone  several  changes  during  the 
autumn  and  early  part  of  the  winter,  I  shall  not  give  the  re- 
sults of  the  analyses  which  I  have  made,  until  a  few  seasons 
shall  enable  me  to  make  a  more  complete  examiuatiuu  of  the 
Pha.  Mag.  S.  3.  No.  204.  Stippl.  Vol.  SO.         2  K 
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■aljject.  At  present^  when  the  ground  is  m  wet,  it  is  difficult 

to  obtain  a  sufficient  qiinntity  of  the  salts,  which  arc  pcaiUar. 
At  present  I  may  say  that  sulphuric  acid  added  t(i  thr  "^^atcr 
gives  ofl' chlorine ;  that  heat  evolves  chlorine  anil  peroxide  of 
nitrogen  froui  it;  and  that  the  n  uKuuing  salt  is  a  mixture 
of  a  chloride  and  a  nitrate  chielly.  This  uill  be  sufficient  to 
bhosv  tliat  neither  the  water  nor  the  air  of  Mancliestcr  has  so 
very  minute  on  amount  of  impurity  as  to  put  it  without  the 
pow0r  of  dotsotioii* 


LXXVI.  On  certain  Atmospheric  or  Barometric  Waves  which 
traversed  Europe  during  Novmber  18i2«    Jijf  WlUJAM 

RaDCLIFF  BiRT*. 

AT  the  sittings  of  tbe  Geological  Sociehr  on  the  Srd  and 
17th  of  May  in  the  year  1816,  a  paper*  was  read  by  Dr. 

Macculloch  On  the  Employment  of  the  Barometer  in  mea- 
suring heirrlits.  In  this  pa})cr  the  autiior  endenvrnired  to  show 
that  the  (iifferejiccs  indicated  by  different  instruments,  placed 
at  variuu-  stntions  on  the  earth's  surface,  are  real  differences 
of  atmosi)iiLt  K  j>ressure,  and  that  the  changes  which  lake  ' 
place  at  several  stations  arc  iar  ii  otn  being  simultaneous :  lie 
also  expressed  on  opinion,  that  the  differences  of  pressure^  < 
comUned  with  their  pro^ressife  cfaaracbnri  are  In  some  wwr 
or  aDOther  coonacled  with  the  direction  of  the  wind,  espedaify 
the  two  cardbial  cnrrenta  N.E*  and  S.  W.  of  our  iihuid ;  bnt 
the  imperieet  state  of  the  barometer  at  that  time  was  such  at 
to  prevent  an  efficient  investigation  of  the  ubject. 

In  the  year  18$S»  Profisssor  Forbes,  in  his  Report  on  the 
Recent  Progress  and  Present  State  of  Meteorology,  presented 
to  the  British  Associntion  for  the  Advancement  of  Science 
dui  iiiij;  it«;  sitting  at  Oxford,  alhuled  to  llic  accidcfiial  \i\\  \.\\\o\ys 
of  barometric  pressure  as  greatly  nitiuenced  by  latitiuic,  the 
amount  of  variability  iucreasini^'  towards  tlie  poles.  He  ap- 
peared to  regard  these  vaiiatiuns  as  resulting  from  grmt 
atmospheric  tidal  waves,  which  perpciualiy  u  avei  bc  our  oceans 
and  continents,  and  he  viewed  a  ratore  and  more  advanced 
state  of  meteorological  scienoe^  as  fomishing  data  from  which 
the  most  interesting  and  important  condnsions  might  be  drawn 
in  immediate  connexion  with  snch  atmospheric  waves  |. 

On  the  21st  of  March  in  the  Tear  1835,  Sir  John  JHerschel 
made  a  series  of  hourly  meteorological  observations  at  Fdd- 

*  Vrom  Report  of  the  Brituh  Atwdilion  for  the  Advanecaieiit  of 

Sdencefor  I84G. 

t  Report  of  the  Fir  r  :mh!  Second  Meetiagiof  the  British  Anocbtion  for 
the  Advancement  of  bcicnce^  p. 
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hwiaen  Wy  nberg,  near  the  Cape  of  Good  Hope.   Than  wera 

accompanied  by  a  simultaneous  set  at  the  Royal  Observatory 
near  Cape  Town.  The  observations  thus  set  on  foot  were 
continued  at  nurnorous  stations  dnrinfr  the  following  tliitie 
years ;  and  the  discussion  of  the  wiiole,  collected  by  iSir  John, 
forms  the  subject  of  a  report  presented  by  that  gentleman  to 
the  iiiitish  Associaliuu  daring  it^  sitting  at  Cork  in  ilie  year 
1848*  Ona  of  the  objects  to  which  Sir  John  directed  his 
attention  m  this  discussion^  mw  the  barometric  fluctuations 
considered  with  a  view  to  the  propagation  of  atmospheric 
waves*  For  this  purpose  the  stations  were  distributed  in 
groups,  in  one  of  which  (the  European)  Sir  John  succeeded 
in  detecting  and  tracing  two  well-defined  waves ;  one  on  the 
2l8t  of  September  1836?  the  other  on  the  ^Isi  of  December 
1837.  These  waves  were  so  vast  in  their  dimensions,  that  to 
take  in  (says  Sir  John)  an  effect  of  this  nature,  we  must  enlarge 
GUI'  cunceplion  of  an  atmospliei ic  wuve  till  it  approaches  m 
some  decree,  in  the  extent  ui'iu»  sweep  and  die  majestic  regu- 
larity of  Its  progress^  to  those  of  the  tide-waves  of  me  ocean*. 

Tlie  principle  on  which  the  discussion  of  these  hoarlv  ob* 
servations  was  conducted^  was  that  of  projecting  the  baro- 
metric curves  for  all  the  stations  of  one  group  on  a  single  sheet 
for  each  separate  term,  the  scale  being  one  inch  to  an  hour  in 
timey  and  one  inch  to  O'^^'OGG  of  barometric  altitude.  From 
the  nature,  however,  of  the  observations,  no  one  curve  was^ 
continued  longer  than  twenty-four  hours,  except  on  the  occa- 
sion of  a  remarkable  storm.  During  the  progress  of  this 
work,  it  w  as  deemed  desirable  to  obtain  the  complete  rise  niul 
fall  of  tiie  barometer  \  so  that  a  complete  wav  e  might  be  ob- 
served at  least  at  one  station.  Observations  uudertalcen  with 
this  view,  and  projected  in  cur.ve8|  illustrate  Sir  John  Hcr- 
schd's  report.  As  a  test  of  any  conclusions  that  may  be  drawn 
from  a  discussion  of  observations  on  this  principle,  the  obser* 
vations  may  be  so  combined  as  to  exhibit,  not  only  the  baro« 
metric  relations  with  regard  to  time,  but  also  with  regard  to 
space :  in  other  words,  the  distribution  of  ]->ressnre  over  a 
tragt  of  country,  at  any  given  epoch,  will  indicate  the  real 
character  of  the  waves  liien  transiting. 

The  last  report  which  I  had  the  honour  to  present  to  the 
British  Association  during  its  sitting  at  Southampton,  contains 
an  examination  of  certain  barometric  observations  exclusively 
on  the  lasl-named  principle.  These  observations  were  mode 
during  November  184fi|  the  same  month  in  which  the  obser- 
vations were  made  from  which  some  of  the  curves  illustrating 

•  Report  of  the  Thirteenth  Meeting  of  the  British  Asfociation  for  the 
Advaocement  of  Sdence^  pp.  00-103. 
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Sir  John  Hcrschel's  report  were  projected.  The  result  of  the 
exaiiiination  lias  been  the  apprehension  of  several  Inrrre  atmo- 
spheric waves  of  so  distinct  a  character,  that  the  barometric 
movements  over  an  area  iiiciuded  hy  the  anfjular  points,  tlie 
Orkneys,  8t.  Petersburgh,  Geneva  and  Cork,  have  been  fully 
explained,  especially  during  the  earlier  portion  of  the  month. 
In  order  clearly  to  place  ttiese  barometric  waves  before  the 
readers  of  the  Philosophical  Magazine^  I  shall  at  once  proceed 
to  make  various  extracts  from  the  report  bearing  immediately 
upon  the  subject,  commencing  with  the 

DtJiiiUiifii  and  PhcOHOmena  oj  an  Almoftpheric  Wave. 

When  a  nuuiberof  barometric  observations  arc  projected  on  paper 
according  to  a  suitable  scale,  and  continued  for  mouths  and  years, 
the  eye  on  contemplating  them  will  recognise  a  variety  of  curved 
fbrmsy  some  of  large  and  some  of  small  aniplitude;  some  riding  to  a 
cnnsidorablf  altitiulo,  othcre  sinkinj:^  far  below  the  level,  representing 
the  mean  baroiuctric  pressure  at  tlic  station  of  observation.  At  first 
there  appears  but  little  regularity  in  thcae  curvilinear  records  of  the 
ever-shifting  state  of  our  atmosphere,  but  here  and  there  the  atten- 
tive observer  will  notice  some  similarity  existing  between  two  or 
more  indhidtutl  curves,  and  he  may  notice  some  which  possess  a 
certain  symmetrical  arran«:^ement  of  the  ascents  and  descents.  In 
consequence  of  this  similarity  and  symmetrical  arrangement,  he 
examines  more  carefully  the  records  of  barometric  pressure,  and  not 
only  discusses  ^e  observations  at  one  stattou,  but  compares  those 
observations  with  others  made  at  various  stations;  and  here  again 
he  finds  apparent  irregularity  and  confusion.  The  curves  to  a  cer- 
tain extent  agree,  but  in  many  minor  points  they  differ  often  very 
considerably,  in  some  cases  rising  at  one  station  while  falling  at  an- 
other ;  this  induces  a  still  more  minute  and  careful  investigation : 
the  distribution  of  pressure  over  the  largest  area  be  can  command  is 
carefully  examined ;  and  whether  his  stations  are  few  or  many  at 
any  given  time,  he  finds  on  this  area  a  point  of  maximum  pressure 
and  a  point  of  minimum  pressure;  between  these  points  he  f\mh 
various  pressure.-*,  generally  increasing  from  the  point  of  least  pres- 
sure to  the  point  of  greatest  pressure.  On  some  occasions  he  finds 
a  Une  of  high  pressure*  stretching  quite  across  the  area,  and  on  others 
a  line  of  loto  pressure.  By  continuing  his  inquiries  for  successive 
epochs,  he  finds  tliese  lines  of  hiirh  and  low  pressure  move  across 
the  nrrn,  or  in  other  words,  the  high  pressure  or  low  pressure*  is 
gradually  transferred  from  one  point  to  another.  He  also  tinds  at 
still  more  remote  epochs  oth^  lines  of  high  and  low  pn^ure,  some 
having  the  same  direction  with  the  lines  originally  noticed,  and  others 
crossing  the  direction  of  the  or^nal  lines  at  various  angles. 

The  questions  which  now  suggest  thomselves  arc  the  following : — 
What  are  tliese  movements?  How  can  they  be  represented?  In 
what  manner  caji  iliey  be  estijlained?  A  simple  consideration  of 
the  curves  suggests  the  idea  of  waves  as  explanatory  of  the  pbosno- 
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mena,  and  the  term  atmospheric  wave  hai  been  ued  to  detignale 

that  ideal  inHmdualiiy  which  the  mind  attributef  to  the  proons 

which  it  observes  of  the  successive  change  of  place  which  the  baro- 
•  metric  maxima  and  minima  undergo,  and  by  wiiich  they  regularly 
succeed  each  other  over  the  area  under  examination;  this  ideal  in> 
dividuality  has  been  employed  as  a  mean  of  examining  the  move* 
menti  jost  alluded  to. 

Mr.  Scott  Russell,  in  his  admirable  report  on  waves,  presented  to 
the  British  Association  during  its  sitting  at  York  in  184-4,  has  given 
the  elements  of  an  aqneous  wave.  Those  elements  appear  so  clearly 
to  exjiress  tin'  relalions  of  the  1 1  u  (  inetrie  phoenoniena  (simply  con- 
sidered as  such),  that  I  shall  avail  mysuii  of  Mr.  Russell's  terms  to 
indicate  the  diitribution  of  preesure  over  the  snHkee  of  the  earth,  as 
in  figure  J. 

 Fig.  ]• 

w 


W,  The  ciT^t,  u' 'rUeamjpUtad**  a,  The  origin*. 

In  reference  to  this  figure,  the  line  of  high  pr^ure  stretching 
aeroM  the  area  (the  figure  being  suppoced  to  cut  thW  line  traniverMl^ 
has  been  termed  the  erfla<;  W;  the  bneof  low  pressure  in  advance  of 
the  crest,  the  aiUericr  trough^  a  (the  origin  of  Mr.  Scott  Russeli'a 
water  wave)  ;  the  line  of  low  pressure  succeeding  the  crest,  the  pos- 
tenur  trough,  w  (the  end  of  Mr.  Srf)tt  Rti'^^eir*;  water  wave);  the  line 
w.../t,  as  measured  by  the  mercunui  cuiumu,  ihc  alutudeof  the  wave; 
the  abpe  W  «^  the  anterior  slope  or  ftont  of  the  wave;  tiie  dope 
W  Wi  the  posterior  slope  or  haeic  of  the  wave;  w  a  constitutes  the 
amplitude  of  the  ware,  and  k^-^x  in  the  same  direotioii»  the  axis 

of  trnn^lation. 

The  observalioius  to  w!ii(  h  Miiusion  has  been  made,  were  published 
by  Mr.  W  iiiiam  iirown  iu  a  paper  that  appeared  iu  the  Philosophical 
Magasine  for  April  1846.  This  paper  is  eutiUed On  the  Osdllatioos 
of  the  Bafometery  with  piurticolar  lefieraaco  to  the  Meteordegical 

Phenomena  of  Nbvtmber  1 848*"  The  dject  of  the  author  is  to  show 

that  the  barometric  oscillations  arc  produced  by  the  merfinr;  of  oppo- 
site  or  nearly  opposite  aerial  currents;  that  one  current  th  u>  jupcting; 
or  impinging  on  another,  deflects  it,  and  under  some  circumstances 
produces  a  rise  of  the  mercurial  colunm,  but  under  others  occasions  a 
fall  in  many  eases  of  considerable  magnitude.  In  order  to  elaoidate  his 
views,  Mr.  Brown  has  collected  barometric  observations  fi  iti  eleven 
stations,  which  arc  scattered  over  an  area  included  by  the  following 
an«?nlar  points : — The  Orkneys,  Christiania  iti  Norway,  P;in>,  l*ly- 
mouth  and  Cork.   TluMe  observations  are  in  mo«it  ca^es  given  sl&  read 

*  Mr.  Scott  Russell  de«igiiat«s  <hs  polat  •  At  Sfl|flii| «  bstltr  ttm  t WffiAMA 
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off  from  the  scale.  In  addition  to  these  the  paper  is  accompanied  by 
six  plates',  m  which  the  direction  of  the  wind  at  numerous  stations  is 
indicated  loi  evL'iy  day  during  twenty-six  days  in  tiie  laouth  by 
arrows.  The  aiieiuoiial  ubaervatiuns  published  iu  the  body  of  the 
paper  not  being  io  all  oatet  Ibr  eonteetttiTe  days,  a  coiupariaon  of 
them  wiCh  the  plate*  ie  rendered  diffieuU ;  neveithelc»i  the  platee 
form  a  very  valuable  portion  of  the  coraniunication,  and  if  they  have 
been  laid  down  from  accurate  observation!*,  tliev  furnish  iis  with  an 
tmpuriant  addition  to  our  kiiowledge  of  the  a/  /f//v^/t7/«  yi^  of  the  aerial 
currents,  ei^peeially  with  respect  to  the  dititribution  of  pre^ure.  It 

ii  a  matter  aX  legiet  that  Mr.  Brown  did  not  ao  anaage  hia  obaei^ 
I  TBtioni  and  plataa»  that  the  aeeuiaoy  of  tfie  latter  ooiud  have  been 

I  aeen  by  inspection. 

I  This  pajxT     peeidinrlv  interesting  at  the  prfsent  time,  when  the 

attention  of  intU  urt>lu^isls  is  directed  to  ihv  iiuporftmf  nmi  interesting 
prubleni  uf  the  barouietric  osciliatiuut*.  I  have  ui ready  noticed  the 
▼lews  vhich  have  been  taken  of  these  oaetUations  aa  the  reeolti  of 
waves.  In  this  paper  they  are  regarded  as  the  effects  of  currents  ; 
and  it  appears  that  meteorologists  are  now  divided  as  to  which  of 
these  iiypnthp'-('<  they  shall  hp  referred.  Professor  Dove  remarks, 
in  liis  letter  to  (  oionel  Sabine  on  the  Macznefical  and  Meteorological 
observations*)  "the  so-called  irregnhu  vunations  ot"  the  baroiueter 
are  regarded  by  some  persons  as  only  the  eflbota  of  ourrents  of  air  of 
unequal  temperatare  and  moisture;  other  penooa  distinguish  the 
effects  of  currents  from  the  effect  of  uiHiula^o&t  jm^rmiu^  m  th€ 
manner  of  wares  of  sonvfl.  nud  pmpngatinp  (hemSmMB  WUk  gnot 
velocity  over  larffe  poriio^is  of  tJiC  earth's  surface  " 

It  is  worthy  oi'  notice,  tiiat  these  moveuieut«  have  beeu  referred 
to  two  very  distinet  Uads  of  waTas.  FMif,  Forbes  speaks  of  tbaaa 
as  great  atmospheric  tUktl  waveiH  and  FTdA  Dove  speaka  of  a  ciaaa 
of  individuals  who  regard  them  aa  progtaasing  in  the  manner  of 
wares  of  sound. 

\t  is  not  my  intention  to  enter  into  an  examination  oi  tlu  conclu- 
sions and  results  which  Mr.  Brown  has  arrived  at;  as  the  question  is 
open,  I  appreliend  I  have  not  eommitlad  an  ijyostioe  towards  that 
gentlanan  by  having  employed  a  rather  difleraat  proeess  to  thai 
whieh  he  has  used,  and  further  discussed  the  obaomtions  he  has 
given.  I  beg  to  acknowledge  the  obligatinn«5  T  am  under  to  him 
for  these  observations,  and  aipeeially  for  the  |)l  ui  ><,  of  which  I  have 
before  spoken :  they  are  extremely  inter^ting  iu  the  present  inquiry. 

In  aoeovdaaee  with  these  remarlcs,  I  have  seleoted  the  following 
•tations  hisim  Mr.  Brown's  list  i-^tiie  Orkneys*  Balfiuti  ShieMa,  Cork* 
Bristolt  Plymouthf  London,  Paris,  and  Christianla.  The  reason  I 
have  omitt<Hl  Glasgow  and  Armagh  will  be  apparent  from  Mr. 
Brown's  notes*  A^?  I  hav(!  disrn^srfl  thp*e  oh^iTvations  with  f-pr- 
cial  reference  to  the  w  ave  hypollie^is,  1  iiave  most  cautiously  avoided 
in  my  remarks  any  thing  that  may  at  all  bear  on  Mr.  Brown  s  views. 
The  plan  I  have  proeeeded  on  is  as  foUowa.  I  have  aeloatid  tha 

•  RsportoftheFifteanthMMngofthaBritiihAsiochitkmibrtbaAi^ 
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niidtlli;  observation  of  cacli  day  ;  at  tlio.sc  stations  wliern  only  two 
aro  given  ni<Miitn[r  nnd  evening;  I  liave  tnkon  a  moan  of  them. 
These  observation^i  i  have  m  arranged  lo  exiiibit  the  dij^tribu- 
tion  of  pressure  over  the  area  for  each  day — the  Une  or  linesi  of 
tlie  grefttett  diminutiMi  of  praMttre^nd  the  relation  of  snoh  dii> 
triboUoD  and  of  such  lioflt  to  the  aerial  curreDta  or  windri.  A»  a 
convenient  method  of  readily  expressing  these  various  relations 
and  giving  to  the  discussion  that  completeness  which  otherwise  it 
would  watit,  J  have  adopted  the  wave  In'pothrsis,  and  to  every  line  of 
barometric  uiujiiuia  applied  the  term  cm/ and  to  every  Hue  oi  miuima 
the  term  irougk*  In  a  word,  I  have  regarded  the  progreee  of  the  ha> 
roinetric  and  anemonal  ptonomena  as  the  progress  of  iMRMt.  The 
obserrations  reniain  the  same  both  in  Mr.  Brown  s  and  my  own  dis- 
cussions, the  results  only  are  different;  and  it  remains  for  orbrr 
philosophers,  by  more  closely  investigating  the  subject,  and  sui>ni it- 
ting  the  observations  to  a  more  rigorous  and  searching  discussion, 
to  advaooe  thii  ioterettiog  inquiry  and  to  become  more  intimately 
aeqaainted  with  the  canaetof  these  intereitiDg  phenomena. 

In  addition  to  the  discuition  of  these  observations  making  us 
acf]nainted  with  several  large  waves  similar  in  eliaracter  to  the  dt  fi- 
nition  l)cfore  given,  it  also  reveals  to  us  the  arrangement  of  the  aerial 
currents  with  respect  to  such  waves,  or  rather  by  means  of  these 
observations  and  the  plates  accompanying  them,  we  are  able  to 
aacertaia,  not  onl^  the  general  diraotion  of  the  aerial  onnenta,  bat 
also  the  barometno  phanomena  reaulting  from  their  t ran  <it« 

Prof.  Dove,  in  his  second  letter  to  Col.  Sabine  relative  to  the 
niagnetieal  and  meteorologieal  observatio!i«.  has  announced  his 
opinion  tluit  the  equipoise  of  the  atmosphere  is  maintained  in  the 
temperate  scone  by  currents  ou  Uui  same  level  Jiowitty  in  optposUe 
dineiiom^i  thna  we  have  a  bed  or  atratam  of  air  moruig  fiom 
the        and  on  eaoh  iida  of  thia  are  atmla  of  N.E.  winda.  We 


Fig.  2. 
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may  licre  inqviire,  htiw  are  these  alternate  aerial  currents  related 
to  the  waves  before  alluded  to  ?  It  is  one  ot  the  objects  of  tlie 
dueuMioii  to  exltibit  thii  vebitioii,  which  rmsf  he  thoi  brtoAjr  ex* 
preMcdy  at  ItuH  io  m  far  as  the  examination  of  the  obaer?atiom  has 
yet  extended  *.  Let  theatrata  a  a  a!  a',  b'  b'  h  b,  fig.  2,  represent  two 
parallel  aerial  cnm'nts,  a  a  a'  a'  being  from  S.W.  and  h'  b'  b  b  from 
N.E.,  and  eonet'ive  them  botli  to  advance  from  the  N.W.  in  the 
direction  of  the  large  arrow,  that  is  the  strata  themselves  wili  advance 
with  a  iatmil  motion.  Now  conceive  the  beronieter  to  eommeiice 
rising  juat  as  the  edge  b  b  passes  any  line  of  country,  and  to  continue 
rising  until  the  edge  b'  y  arrive  at  that  line,  when  the  maximum  is 
attained.  The  wind  now  changes  and  the  Itaromoter  iraracdintrly 
begins  to  fall,  and  continues  to  fail  until  tije  edge  a  a  coiiu  id*  s 
with  the  line  of  country  on  which  b  b  tirst  impinged.  During  tlii^ 
process  we  liave  all  the  idi«nomeDa  exhihilea  by  an  atmospheric 
wave ;  when  the  edge  h  6,  fig.  %  passes  the  line  of  country,  the  point 
Of  fig.  1,  of  the  wave  (the  anterior  trough  )  transits  that  line  of  coao* 
try  and  the  b:irnmeter  begins  to  ris^e  witfi  a  N.E.  wind.  Durini:  the 
period  tin  stratum  b'  b'  b  b,  fig.  2,  transit:^  the  line  tlie  anterior  siope 
W  a,  tig.  1,  pass's;  when  the  conterminous  edges  of  the  strata  a'  a' 
V  b%  fig.  2,  pass,  the  crest  W,  fig.  1,  extends  in  the  direction  of  the 
preceding  trough  :  the  barometer  now  begins  to  fall,  and  when  the 
edge  a  a,  fig.  2,  occupies  the  place  ot b  b,  also  fig.  2,  the  descent  of 
the  mercurial  column  is  completed;  the  posterior  slope  W  to,  fig.  1, 
has  pa^ed,  and  the  posterior  trough  to,  fig.  1,  now  occupies  the  line 
in  which  the  anterior  trough  extended. 

This  arrangement  of  the  aerial  cnnents  in  connexion  with  abavo* 
metric  wave  may  be  termed  the  mr-moium  of  the  wave.  In  conAeoa* 
plating  the  transference  of  the  barometric  maxima  and  minima,  we 
regard  only  the  wavc'tnotion*  In  contemplating  the  directiori  nntl 
force  of  the  wind,  we  regard  also  the  air-molioti.  The  wave-mutioii 
consbts  in  the  lateral  transference  of  the  parallel  beds  of  aerial  cur- 
rants ;  the  air4miiiom  bdog  these  oppositely  directed  parallel  oniieBta 
themselves. 

From  these  considerations,  we  readily  see  that  tlie  wave  is  a  con- 
venient method  of  repre^ienting  the  baromett  ic  iluctuations.  We  have 
seen  that  the  ri&c  is  due  tu  the  anterior  slope  and  the  fall  to  the 
posterior ;  and  we  now  further  learn  that  the  direction  of  the  aerial 
current  on  the  anterior  skme  is  at  right  angles  to  the  axis  of  transla- 
tioo  directed  to^^  ards  the  Ufi-haruL,  while  on  the  posterior  slope  it  is 
the  reverse;  still  at  rightangks  to  Uteaxisoftnnslation,  bat  directed 
towards  the  right-hand. 

Having  thus  noticed  the  wave-moliofi  with  its  aecompauying  air- 
MeKew,  &eae  iateresting  questions  suggest  themselves: — ^How  are 
the  Ibraes  of  this  aifwrniim  arranged  ?  Do  all  the  partidea  move 
with  the  same  velocity?  Are  thm  dili^raot  vdooities  in  diflhrent 
tif  tlie  wave?  Our  anemometers  will  answer  these  questions, 
ill  the  trouglis,  the  edges  b  h  a  ri,  the  forces  are  strongest;  a>  the 
barometer  ris^es,  the  force  gradually  subsides;  wiien  the  crest  pa&»esy 

*  For  this  knowledge  1  am  indebted  to  Mr.  Brown '»  plates. 
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It  b  tero ;  and  as  the  buoinetor  fBlb,  it  iDereftKs  until  the  tnmgh 
panes,  when  it  is  agaiii  strongest. 

M.  Dove  has  suggested  tluit  the  parallel  currents,  by  which  tlio 
C'ljuipoise  is  maintained  in  the  temperate  zones,  may  be  shirting  ones, 
and  we  have  supposed  that  tlie  parallel  currents  of  N.E.  and  S.W. 
winds  mny  advanoe  from  the  N.W.  with  a  lateral  motion.  The  same 
cause  tiiut  produces  the  well-known  oppoeite  and  anperposed  equato- 
rial and  polar  currents,  will  also  give  rise  to  the  j^ame  opposite  but 
parallel  current's  in  the  temperate  zones,  namely, the  ascendinir  column 
of  heated  nnd  consequently  rarefie<l  air.  Now  it  in  well  known  that 
in  stormy  weather,  when  tite  wind  i»  blowing  with  great  force,  the 
baiometer  being  nearly  at  ita  minimum,  upon  the  wmd  ekangittff 
the  barometer  com— wiew  rithg  i  the  wind  however  continues  to  blow 
with  alM>ut  the  same  force  as  it  did  with  the  i)revions  falling  baro- 
nifter.  Upon  M.  Dove's  view  of  pnrnllol  rtTid  o|)posite  currents, 
somewhere  in  or  near  the  line  forujuig  the  boundary  between  the 
currents)  towards  or  lu  the  torrid  zone,  we  ought  to  find  the  point 
of  raielhetlon,  and  to  thia  point  the  N.E.  p-  ^ 

ennent  would  rath  with  the  greatest  ^* 
force  to  supply  the  ascending  column  of  '^f'^TS 
heated  air*.  This  N.E.  current  would  be  ^  f  \  i 
compensated  by  a  S.W.  current  of  nearly  t  X  **i  | 
or  quite  the  same  foire,  situated  Just  to  IT  t  ' 
the  as.  of  it,  as  in  fig.  3,  in  whioh  let  a  !  I  1  I 
point  of  rarefkotion,  a  for  instance,  exist  4  X  t  ' 
in  any  locality,  so  that  a  N.E.  current  i  t 

may  be  established  to  suppiv  the  a-^et^nd-      XT    J  I 
ing  column  ;  suppose  the  greatest  torce  i   '  t    '  ' 
to  eiust  aloiig  the  line  of  crossed  arrows 
6  ^  tlie  air  would  be  diuwn  ftom  the  end 
of  this  line  to  fill  up  the  vaeoum  at  a,  ill 
and  a  compensating  S.W.  current,  c  c,    v  \  T 
established.   This  S.W.  current  mouUI  be  \^ 
established  partly  by  the  di  >c  t  nt       the  •'^ 
overflowing  current  at  a,  uud  partiy  by  the  rush  to  supply  the  air 

*  In  sUrilmUpg  tb*  gmitmt  $tnu  to  the  N.E.  current,  I  do  not  by  mf  tncsna 

w!«b  to  put  forxTard  or  support  any  hypothesis  tint  wuuUI  at  all  ititt-rfere  with  the 
well-knuwn  tact,  that  the  greatest  lurcc  is  usually  ii)anil«:&lcd  by  S.W.  winds.  The 
point  to  which  I  wish  more  particularly  to  solicit  the  aUeution  of  the  Anodetion  Is 
lliis,  tfn"  caiixe  which  induces  the  xontK-tcesferly  current  itself.  This  miiRt  reside  in 
or  near  the  torrid  xone.  Here  we  have  a  tuffident  cause;  we  are  presented  with 
phMMMMM  Mtf  sdeqnate  to  ex^n  an  inlhnt  of  eeel  eir  flrnn  the  N.B.  Thii  b 
the  current  that  must  first  he  established,  and  in  the  first  insfai»cc  its  force  will  be 
greatest.  We  bare  however  only  to  turn  to  Pro^  Dove's  letter  to  Col.  Sabine 
(Report  of  die  BritUi  Ateodalion,  1845,  |i.  6l),uid  wethelletonceflndthereaMn 
why  S.W.  win  Js  mauifciit  by  inc.ins  ofour  instruments  the  greatest  forto.  Tlie  X.K. 
currents  are  narrower,  and  the  force  toon  abates  as  they  pass  over  towards  the 
S.fi.}  whOe  en  the  other  hand  the  Mme  ttatien  not  only  efhmtr,  hot  tmgtr  in 
the  .S.W.  currents,  and  as  the  line  of  greatest  force  approache*,  the  furce  Increases, 
on  some  occasions  very  rapidly,  until  the  wind  changes.  The  line  of  greats  force 
Moa  passes  the  ttatiea,  m  that  upon  a  mean  of  ntuneroue  ohiervatloM  the  south* 


Digitized  by  Google 


490         Mr*  W.  R.  Birt  ofi  Atmospheric  Wooes* 


constantly  drawn  ofi  to  ieed  the  ascendiug  column.  W  hen  however 
it  is  once  established,  the  velocity  of  the  line  of  current  near* 
est  to  the  K.E.  would  probably  be  equals  or  neaiiy  so,  to  that  of  the 

N.E.  current  itself. 

In  this  way  it  is  easy  to  conceive  that  a  complete  barometric  wave 
may  be  produced;  the  lines  of  greater.!  velocity  of  tho  ])arall«'!  onr- 
rents  wUl  indicate  the  trough ;  liie  rupidity  with  which  ihu  currcuU* 
pass  in  opposite  direetions  greatly  diminishes  the  pressure,  and  ac* 
cording  to  this  view  somewnere  near  the  direction  of  the  trough  and 
to  the  S.W.  of  it,  we  ought  to  find  the  point  of  greatest  rarefaction  : 
the  vclority  decreases  on  <>noh  dide  this  trough,  and  with  this  de- 
croast  ot  velocity  the  pirs^ure  increases,  m)  that  we  have  a  distri- 
bution of  pressure  oi  u  tcaie  form  gradually  rii»ing  ou  each  bide 
the  trough,  the  preuure  being  dependent  on  the  Tetoeity  of  the  pa- 
rallel currents^ 

The  ooDStant  atoent  of  air  at  the  point  of  rarefaction  would  con- 
tinually draw  off  a  quantity  of  air  from  the  S.E.  side  of  the  line  of 
greatest  velocity  b — h,  fig.  3,  and  this  would  l)e  attended  with  two 
resulti ;  fii'tit,  there  would  ha  a  rtul  hollow  or  trough  formed  in  the 
line  of  junction  of  the  parallel  currents;  and  seoondly,  this  line 
would  gradu:Llly  advance  towards  the  S.E.;  for  as  more  air  would  be 
drawn  off  from  that  side,  the  whole  bodv  of  air  would  advance  in 
tliat  direction  to  supply  the  deficiency;  and  should  tlie  rarefying 
procesji  cease,  we  can  readily  conceive  that  not  only  will  the  wavC" 
form  be  continued,  but  also  toave-motion.  The  establishment  of  the 
parallel  currents  will  give  the  mr^moHtm ;  the  diminntion  of  pres- 
sure towards  the  lines  of  greatest  velocity  will  give  the  i0ia«S;/bnii; 
and  the  drawing-uft'of  air  from  the  S.E.  will  induce  the  ipave-mofion. 
The  wave  tiius  generated  is  neffatim;  it  eonsisls  of  a  hollow  pro- 
duced by  the  ascending  current  of  heated  air  carryiug  off  a  con- 
siderable portion  of  air  set  in  motion  by  this  ascending  column, 
and  its  dureetion  of  motion  is  detemiined  ny  more  air  bong  draws 
off  from  the  &£.  slope  than  the  RW« 

Cross  Waves. 

The  etaminaiion  of  the  transit  of  a  single  ware  by  means  of 
barometrie  and  anemonal  obaervationsi,  wonld  be  oomparativdy 
easy,  but  it  seldom  happens,  firom  the  operation  of  natural  causes, 
that  an  isolated  or  solitary  wave  is  produced.  In  almost  every 
instance  (except  in  those  in  which  the  generating  power  is  very 
much  greater  than  any  which  occasions  the  production  of  smaller 
waves)  the  wave  is  contemporaneous  with  otheis  of  equal,  if  not  of 
greater  magnitude,  so  that  different  systems  are  in  motion  at  the 
same  time,  each  individual  pursuing  its  own  course,  and  although 
perfectly  indt^jxMiclent  of  every  other,  yet  greatly  modifyinL'  the  re- 
sultitii/  pltaiujmaiuji  as  cxiubittid  by  the  barometer  and  anemometer. 
Wheu  tiiercfore  we  proceed  with  the  examination  of  certain  baro- 
metrie and  anemonal  phssnomena  in  the  manner  above  alhided  to^ 
we  are  speedily  perplexed  with  the  barometric  and  anemonal  effiaeta 
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of  rrosa  waves  \  the  flowing  of  one  «;»'t  of  waves  in  a  certain  direc- 
ti  Ik  i&  apparently  interrupted  and  luterfertd  with  by  another  in  a 
diliurent  direction,  and  before  tlie  first  set  can  be  exhibited  uitii  ita 
proper  proportioos,  and  the  true  idtitudei»  amplitudes,  veloeitieiy  and 
diraotioua  of  ili  individual  waves  awignedy  all  the  pbenomena  of 
the  other  set  muat  be  carofully  disentangled  and  tepantad  from  the 
aggregate  ]jhnpnomena  presented  by  tin  contemporaneous  systems. 
The  l)uronictric  curve,  including  a  corn|iiete  rise  arid  fall  at  any  one 
station)  is  not  the  curve  resulting  from  the  trunoit  ui  any  one  wave ; 
it  doea  mi  repreao&t  the/im  of  any  twUijf  in  nttaro ;  but  it  dou 
repraen^  ana  ia  an  OKponeat  of  the  affaoti  resulting  from  tlia  oqop 
tempowuieous  tranriti  of  wavii»  or  ajstama  of  wavaii  aueh  aa  Iiave 
been  described. 

The  discussion  of  Mr.  Brown's  observations  has  clearly  brought  to 
light  a  set  oi  parallel  and  opposite  currents  at  right  angles  to  those  we 
have  be«D  oontemplating,  namely,  hom  N.W.  and  S.E.  with  a  imm* 
MOfUNi towaids  toe  N.£,  produdngthe  cross  waves  which  occaaion 
the  oomplexity  befoia  aUodad  to.  The  lata  Professor  Daniell  has  re- 
marked thaf  the  eiir\  Of?  iiirrea*^e  in  range  towards  the  N.W.,  and  in 
general  the  neighbourhood  ot  //  v//rr  presents  curves  remarkable  forthe 
bolducdtf  of  their  contour  and  the  large  extent  of  their  range.  In  ven- 
turing a  speculation  on  theae  otqm  wavea  from  the  S.W*  with  paTaUel 
and  opposite  eofraiiU  firom  N.W.  and  S.Bn  I  should  be  inclined  lo 
attribute  them  to  the  cfTcct  of  the  solar  influence  on  the  lenestrial 
surface,  extending  from  Cape  Veni  in  Africa  to  the  extreme  north  of 
Lapland  in  Europe.  surface  extends  fron>  S.W.  to  N.E.,  or 

somewhat  in  that  direction.  It  may  be  remarked,  that  to  the  ttorlk- 
mui  of  Cape  Veid  is  situated  the  ^ara  or  Great  Desert  of  AfriGa» 
and  have  we  have  a  |peat  rarefying  surface*  To  the  north-west  or 
west-north-west  of  this  extensive  rarefying  surface,  the  broadest  part 
of  the  Atlantic  ocean  is  situated.  The  relative:  positions  of  the  Great 
Desert  and  the  broade«it  extent  of  llu;  Allautio  will  produce  a  great 
indraught  of  cool  air  irom  ihe  ocean  i  the  direction  of  this  wind  will 
be  W.N.W.  or  N.W.  To  the  north-east  of  thb  comnt,  probablv 
in  the  neighbourhood  of  Morooeo^  Fei»  Algieis,  Spain  and  Portugal 
and  the  north  west  portions  of  the  Mediterranean  sea,  we  ought 
to  find  the  counter  current  from  the  S.E.  or  E.S.E.,  the  two  por- 
tions in  juxtaposition  moving  with  the  grcatofit  velucity.  Some- 
wliere  in  the  Atlantic  the  turning-point  of  these  oppositely  directed 
currents  should  exist.  The  line  of  junction  of  these  parallel  cur- 
veniB  will  deteraine  the  trough  of  the  wave^  and  as  befoio  shown,  in 
eonsequenoe  of  the  air  being  drawn  off  from  the  north-cast  to  supply 
the  ascending  current,  the  wave  will  progrCh*s  towards  that  (juarter; 
the  barometer  first  descending  witii  th(!  S.E.  wind  as  the  trough 
approaches  stations  to  the  N.E.,  and  rising  witli  tlie  X.W.  ae  the 
curreut  produced  by  the  rarefaction  approaches,  uatU  the  creat 
passes*  when  the  new  counter  cunent  or  slope  of  the  neit  wave 
vouhi  set  In 

^  In  the  aboft  iHogiirise  I  htve  coaiddcfsd  tiis  nortlMni  pertiou  sf  Ihs  AUdssn 
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Pitrsuin^  tin's  idea  further,  thoro  can  be  no  question  that  Ireland 
and  Scotland  become  pointy  or  unitedly  constitute  a  great  point  of 
rarefacUoD,  forming  as  they  do  the  nearest  land  to  the  northern  part 
of  the  Atlantic,  the  land  becoming  hotter  than  the  ndghbouring 
water,  and  in  consequence  a  N.W.  current  v^ith  its  compensating 
current  from  the  S.E.  is  induced.  Not  only  will  the  rapidity  of  the 
currents  reduce  the  pres«?ure,  but  the  ascending  column  from  the 
land  will  transfer  some  of  the  air  into  the  general  current  of  the 
atmosphere,  and  there  will  be  a  real  diflbrence  in  the  lUatributton  of 
air  aa  well  as  pressure  ;  a  section  traotveme  to  the  line  of  greateet 
V(  locity  will  exhibit  a  hoUow  or  trough,  and  the  aame  phenomena 
will  result  from  (his  arrangement  of  the  aerial  currents  i\s  \\c  no- 
ticed arising  from  the  N.£.  and  b.W.  currents,  the  only  difference 
being  in  direction. 

Id  thus  considering  these  rectangularly  posited  systems  of  parallel 
and  opposite  currents,  many  complex  anemonal  and  barometric 
phaenomena  receive  an  easy  expluiation,  particularly  the  reTolution 
of  the  vaiif-  in  onp  uniform  t^ircction,  and  the  barometric  wind- 
rose.  When  tlie  contermiiious  ediies  of  any  two  cui  routs  pass  a 
station,  the  barometer  is  either  at  a  maximum  or  minimum  with 
respect  to  that  particular  system  of  currents ;  the  wind  also  changes 
at  this  time.  If  the  barometer  has  previously  been  rising  with  a 
north-easterly  wind,  it  now  begins  to  fall  with  a  south-westerly  :  the 
cross  currents  are  however  passing  at  this  time  with  a  latrral  motion 
towards  the  N.E. ;  in  this  set  of  cross  currents  the  barometer  will 
rise  with  a  north-westerly  wind  and  fall  with  a  south-easterly.  Sup- 
pose while  the  posterior  slope  of  a  N.W.  wave  transits,  wind  S*W^ 
and  before  its  trough  passes,  the  trough  of  the  cross  wave  from  the 
S.W.  also  transits,  and  is  inmiediately  succeeded  by  the  following 
anterior  slopp  with  its  N.W.  current,  the  wind  will  pass  from  S.W. 
to  W.  Now  while  this  slope  continues,  upon  tiie  trough  of  the  N.W. 
system  passing,  the  wind  changes  to  N.E.,  and  the  resultant  of  the 
two  currents  is  N«  It  is  easy  to  pursue  this  reasoning,  and  thus 
trace  the  changes  of  the  wind  arising  firom  these  two  cross  systems 
completely  round  the  compass. 

The  two  systems  of  cross  currents  naturally  divide  themselves 
into  four  beds  of  opposite  currents,  namely,  N.E,  S.W.,  N.W.  S.E. ; 
with  the  first  of  each  system,  N.EL  N.W.,  the  barometer  rises,  and 
with  the  last  of  each,  S.W.  S.E.,  it  falls,  so  that  in  the  barometric 
wind-rose  the  maximum  b  found  about  the  N.E.,  the  prevailing 
system,  and  the  minimum  near  the  S.W.,  the  opposite  current  of 
this  system. 

The  extent  ot  arc  which  the  wind-vaue  frequently  describes,  espe- 
cially in  stormy  weather,  also  receives  an  explanation  from  these 
systems  of  cross  currents.  A  contemporaneous  S.W.  with  a  M.W. 
wind  will  occasion  laige  arcs  to  be  described  between  these  points ; 

conthient  u  indndog  the  N.W.  euReat,  tnit  of  coune,  the  entire  surfuce,  as  far  as 
the  extreme  north  of  Burope,  including  Great  Britain  and  Ireland,  will  act  m  a 
rarefying  surflioe* 
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the  8oath-west«ily  gutte  pfevailing,  directing  the  vane  to  thatquai^ 
ter  I  aod  the  north-westerly  immediately  followinff,  instaotly  occsa- 
flions  a  change  carrying  the  vane  towards  the  N.W.    These  sudden 

and  pxtcnsive  changes  are  rendered  more  distinctly  perceptible  by 
means  of  a  small  kite  flown  witii  about  250  or  300  tcct  of  ettring,  or 
even  more ;  the  distinctness  and  independence  of  the  direction  of 
the  two  currents  are  readily  seen,  as  well  as  the  difference  iu  their 
Btrengtb* 

DUetuiitm  €f  Nlr,  Brown's  ObtervaHmt, 

In  the  diMuwion  to  which  I  have  alluded,  I  have  first  arranged 
BtMsh  of  the  observations  collected  by  Mr*  Brown,  or  deductions  from 

them,  as  indicate  the  l)aromctric  pressure  about  the  middle  of  each 
day  at  the  stations  before-named,  as  near  a<  thv  datr\  fiirnishfd  by 
that  gentleman  will  allow.  These  observations  or  deductions  will  be 
found  in  Table  L  The  arrangement  is  such  that  the  eye  may  readily 
aaeertain  the  baromelrio  state  of  the  atmosphere  at  any  station  on 
any  day  embraced  by  the  area  and  period  included  in  the  table* 
The  changes  at  nny  one  station  are  also  readily  seen,  the  altitudes 
above  30  inelu-^  being  distinguislu  d  from  those  between  29  and  30, 
and  those  below  29  also  being  distinguished  from  the  rest.  This 
table  forms  the  basis  of  the  conclusions  which  have  been  tiius  arriTed 
9L  The  values  oorresponding  to  caeh  day  have  been  arranged  with 
especial  reference  to  the  maximum  and  minimum  of  that  dayte 
space,  that  i<,  the  station  exhibiting  the  greatest  pressure  on  any 
])articular  day  has  grnrrally  been  placed  first  on  the  li:>t  for  that 
day;  aud  that  exhibiting  tlie  least,  last.  At  the  head  of  each  list 
are  placed  the  directions  of  the  crests  as  indicated  by  the  observa- 
tions. Cresis  paashig  firom  N*W.  to  S*E»  are  distinguished  by  the 
odd  numbers,  and  those  passing  fran  S*W«  to  K.E.  by  the  even* 
When  the  observations  f„'iv(^  two  slopes  from  a  crest  or  trVmgh  pass- 
ing between  such  slopes,  the  observations  have  been  arranged  to 
exhibit  this.  After  the  arrangement  of  the  observations,  the  lines 
of  the  greatest  diminution  of  pressure  correspondmg  in  a  mijori^ 
of  eases  to  tranverse  sections  of  the  waves,  aud  exhibiting  either 
theur  anterior  or  posterior  slopes,  are  inserted.  Tliese  are  succeeded 
by  tho  direction  of  tlie  wind  on  each  side  of  the  crests  as  given  in 
Mr.  i^rown's  pintt  and  the  discussion  of  each  day'tf  observation  is 
concluded  by  a  tew  explanatory  notes*. 

*  For  the  complete  discussion  of  Mr.  Brown's  obserFatioas,  the  reader  is  re 
fund  to  the  aathor'i  third  report  on  slaMM||ilierie  mem  hi  thsficmttoftiwSb- 
teentli  Meeting  of  the  nrltUh  AssodatisntetfwAdfSiieeaie&tof  adeiMS^hddst 
SottUMtmpton  ui  1841},  pp.  141  to  162. 
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Table  1. — liarometric  Observations,  November  18i2. 
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Tin-  niun')er^  in  the  <  (»luiiin8  immediately  suct  cnling  tlie  luiines  of  the  itations 
indicate  the  initial  inch  of  the  barometric  readings  of  the  Istand  14  th  of  Nofember, 
the  sncceeding  iramben  are  decimals  of  an  inch.  Obaemitions  above  80  inches  are 
not  uiulcrliiioi!.  Tliosc  botwL  cn  20  «nd  80  indies  tisve  a  single  line  •»>  and  those 
below  29  inches  a  double  line  s. 
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Remit*  of  the  Diseu^Htm  of  Mr.  Brown's  Observations, 

In  coIln  tinL:  the  rcsultsortliis  discussiou,  I  have  arranged  in  Tables 
11.  uud  111.  the  principal  lines  of  (liminution  of  pressure;  the  suc- 
oeairioii  of  wim  as  wed  th«  diitiiiot  ftvtt«iii  become  very  apparent 
from  thew  teblei.  The  sueeeediDg  Tables  IV.end  V^xhibit  the  prin- 
ci[ml  features  of  the  respective  waves  of  each  system.  The  most  pro* 
mitiiMit  result  appears  to  be  the  confirmation  of  Prof.  Dove's  mg- 
gestion  (if  parallel  and  oppositely  directed  currents.  The  diagrams 
of  the  wmd  in  connection  with  the  baruinctric  observations  clearly 
exhibit  such  currents,  and  we  see  by  a  glance  at  Tables  IV«  and 
V.  that  the  beds  of  these  earrents  Taried  oonsideiably  in  breadth.  At 
the  opening  of  the  observations  tbej  ware  very  much  broader  than 
at  the  close,  nnd  th<  X.W.  system  (waves  No.  2,  1,  G)  were  alto- 
gether larger  tiian  the  S.W.  We  have  in  fact  two  systems  of  waves 
or  currents  crossing  each  other  at  riglit  angles,  the  individuals  in 
both  gnuLoally  decreasing  in  ahte.  In  the  ^eeulation  whioh  haa  been 
Tentoved  relative  to  the  &W*  syslMn*  the  maas  of  tenestrial  anrfhee 
fbnaing  the  N.W.  boundary  of  the  great  eastern  continent  has  !)een 
a'^sumed  as  the  rarefyinjx  surface,  prodncing  the  set  of  parallel  and 
op[)usitely  directed  S.E.  and  N.W.  w  inds,  the  currents  gradually 
shilling  towards  the  N.E.  The  gradual  contraction  of  the  beils  of 
each  system  as  the  observations  proceed  ia  a  liighly  interesting  fea- 
ture^ whioh  loqnirea  a  more  eitenaiva  diacoasion  for  ila  clncidi3loo> 


Table  IL—Exhlbiting  tlie  principal  lines  of  the  greatest  diminn- 
tion  of  pressura  of  the  N.W.  system  of  wavesy  Noe.  %  4,  and  6. 


VataNi. 

Kov.  1 

Anterior,  No.  i 

i 

9 

4 

•69 

6 

•80 

§ 

6 

•68 

t 

7 

•54 

3 

9 

Londou  to  Cork  

•86 

Posteriory  Mo.  2 

10 

•44 

9 

II 

•34 

3 

16 

'72 

Anterior,  No.  4 

17 

4 

18 

•ss 

Posleciorf  No.  4 

18 

Lond'  n  to  Orkneys  

•35 

4 

80 

•41 

AuUxiori  No.  6 

tl 

•98 

6 

S2 

•45 

0 

U 

•48 

Posterior,  No.  6 

85 

•81 

6 

9$ 

•18 

8 
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Table  III. — Exhibiting  tlio  principal  lines  of  the  greatest  diminu- 
tion of  pressare  of  Uie  S,W.  system  of  waves^  Noe.  1,  %  5>  9> 

n,  13, 1,5. 


flOV*  1 

» 

Heira!«t  to  Lliristiania ... 

*dd 

Anterior,  No.  1 

•58 

Portocior.No.  r 

11 

•57 

3 

12 

Chiistiania  to  Shields... 

•13 

3 

12 

Plymoith  to  Shields  ... 

•39 

AntenoTyNo.  5 

13 

•59 

5 

U 

Belfast  to  ChristiaalB... 

•56 

5 

15 

•64 

Posterior,  No.  5 

17 

Belfast  to  Cbristiania ... 

•57 

Anterior,  No.  7 

18 

London  to  Cbristiania... 

•48 

7 

21 

Belfast  to  Christiania ... 

•41 

Antrrior,  No.  1 1 

83 

•58 

Po&terior.No.  13 

84 

ChrittiMiia  to  Cork.  

M8 

18 

Table  IV,r<-Ejdiibitine  the  principal  features  of  Uie  waves  of  tbe 

N.W.  system  Nos«  8»  4^  and  6. 

Wave  No.  2. 


IMncdoniflid  f^wBtlsii 

Mil 
Anterior 

Ills.  j 

FmterKH 

Nov.  1 
8 

3 
4 
8 
6 

7 
8 
9 

9 
10 

11 
11 

Crest. 
Craal; 

Crest. 
Crest. 
Cfest. 

Crest. 

Crest. 

Crest. 

Crest. 
Post.  Trongh. 
Post.  Trough. 

Crest. 
Post.  Trough. 

N.W.  of  tliP  T^iiTrd  Kinprrlnm   

Near  the  eastern  coast  of  Ireland 
Considerably  S.E.  of  Paris  

•  0« 

3(H8+ 

wa 

80-51  + 

80*43+ 

80-13 

29-90+ 

88-80 

88-84 

1  29-18 

NJB. 

N.E. 
NJB. 
NJB. 
N.B. 
N.B. 

8.W. 

S.W. 
S.W. 

8.W. 

S.W. 

Wave  No.  4?. 

Nov.  17 
18 
19 

Crest. 
Crest. 
Cnit 

Pasiies  Helfast •..■•.••••..*••••••••.■.• . > 

30  51 
30-53 

N.E.  E. 
N.E. 

S.W. 

Wave  No.  6. 

Nov.  21 
22 
88 

24 

Crest. 
Crest. 
Crest. 

Crest, 

Near  to  or  S.E.  of  Pari8......»**«««**. 

88-68 
8M8 

N.E. 

s.w. 

S.W. 

I 
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Tabi»B  V* — Exhibiting  the  principal  features  of  tlio  wave*  of  the 

Not.  1,  d,  ^  7>  9i  11*  ABfi  13. 

Wave  No.  1. 


1 

Pbasea. 

IHmtioiu  fend  LocalUiM. 

AltUudca. 

AnU'fior 

SlojiC. 

axis. 

Pocterior 
Slope. 

Nor.  1 
> 
8 

7 

Crest. 

Crest. 
Crast* 

Between  Belfast  and  Chris^oia  ... 

30-33 
30-23+ 

aiHii+ 

N.W. 
N.N.W. 
N.W. 

S.E. 
S.E. 
S.E. 

Wave  No.  3. 

Nov.  7 
8 
10 
11 
If 

•  •  ■ • 

21X51 
2i»-48 

N.W. 
N.W. 

S.E. 
S.E. 

Wave  No.  5. 

Kov.  12 

13 
14 
15 
16 

Ant.  Trough. 
Crest. 
Croit 

Crest. 
Crest. 

S.W.  of  Cork,  Plymouth  and  i'aris.- 
Between  Orkneys  and  Chri^tiaaia... 

2!>1>1 
3001 

N.W. 

S.E. 
S.E. 
E.»» 

Wave  No.  7- 

Nov.  17 

18 
19 

■ 

Crest. 

Crest, 
i  Post.  Trough. 

30-51 

S.E.E.k 

S.E. 

'  Wave  No.  9. 

Mot.  19  1  Ant.  Trough. 

20  j  Crest. 

^•96 

8JS. 

Wave  No.  11. 

Nov.  sil 

n 

Crest. 
PMt.  Tnagb. 

Sf'fft 

N.W. 

Wave  No.  13. 

Nov.  83 

Crest. 
Pml.  TiNMsh* 

9SH» 

b  Resultants  of  N.E.  find  S.E.  cwrrenta, 

FkU.  Mag.  S.  3.  No.  204.  Su^pL  VoL  30.  8  L 
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Table  III. — Kxhibiling  the  jiriiicipal  lines  of  the  greatest  Uiininil* 
tion  of  pressure  of  the  S.W.  system  of  wave^  Nos.  1|  3»  5»  7»  9$ 
11,13,15. 


MnetioM. 

Vd«ai. 

Vm  1 

* 

ocitatii  to  L  iiriMiiinia  . . . 

Anfrnor,  No.  I 

S 

•58 

Posterior,  No.  1' 

•  * 
11 

-57 

9 

12 

Christiania  to  Shields... 

•13 

3 

12 

Plymouth  to  Shields  ... 

•39 

Anterior,  No.  5 

13 

•59 

5 

14 

Belfast  to  Chri'itiailiA... 

•56 

5 

15 

•64 

Posterior,  No.  5 

17 

Belfast  to  Christiania  ... 

•57 

•Vnterior,  No.  7 

18 

liOndon  to  Christiania... 

•42 

7 

21 

Belfast  to  Cliri^tlania... 

•41 

.\n  tenor,  No.  11 

SS 

•52 

Posterior,  No.  13 

u 

I'M 

Tauk  IV« — ^Exbibitlng  the  ])rlncipal  features  of  the  wayijf  of  the 

N*W.  system  Nos.  %  4>  and  6. 

Wave  No.  & 


BpedM. 

Wu 

Aatcriof 
flls^s. 

lids. 

Nov.  1 
2 
3 
4 
5 
6 

7 
8 
9 
9 
10 

11 
11 

Crest. 
CresL 
Crest. 
Crest. 
Crest 
Crest. 
Crest. 
Crast. 

Crrst. 

Post.  Trough. 
PM.TVoi>gh. 

Cresr. 
Poet.  Trouglu 

N.W.  of  the  United  Kiugdom   

From  Cork  to  tiM  OlknejTi  ......... 

Near  the  eesteni  eoid  of  irduMl 

... 

30-41) -f 
30-55 

30'43-f 
30-13 
29-90+ 
28-80 

89^ 

99-19 

N.E. 
\.E. 

N.E. 
N.E. 
N.E. 
N.£. 

S.W. 

s.\v. 
s.w. 

S.W. 
S.W, 

Wave  No.  4. 

Not.  17 
18 
19 

Crest. 
Crest. 
Crest. 

30-51 
90-53 

N.E.  E. 
N.E. 

s.w. 

Wave  No.  6. 

Nov.  21 
22 
23 
24 

Cr^t. 
Crest. 
Crest. 
Crest. 

Pftsses  Ix>n<lon  ..........•..>  

29  58 

2959 

N.B. 

S.W. 
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Tabu    — Exhibiting  the  priaeipal  featares  of  the  waves  of  tiie 
8.W.eyetem  Not.  1,  S,  5»  7, 9^  Ih  and  18. 


Wave  No.  1. 


£podu. 

Pluwet. 

Altitudes. 

w 

Anterior 

tndi. 

PiMrterior 
Slope. 

JTor.  1 
9 
8 
f 

Crest. 
Crest. 
Crest. 
FoftTkoagk 

Belfast  to  Paris  ...».•*  

Hotivcen  Belfast  and  Christiania  .. 

.•JO  I'.l  f. 

N.W. 
N  N.W. 
N.W. 

S.E. 
S.B. 

Wave  No. 

Mer.  7 
8 

10 

11 

12 

▲ot.  Trough. 
Crest. 
Crest. 

Cro«t. 
1   Post.  Trough. 

29-48 

N.W. 
N.W. 

1 

S.E. 
S.E. 

Wave  No.  5. 

Nov.  12 
13 
14 

15 
16 

Ant.  Tnof^ 
Crest. 
Crest. 
Crest. 

Crest. 

Between  BeUlul  wd  Shields  

S.W.  of  Cork,  Ptvinoiitli  and  Paris... 

Between  Orkneys  «ad  ChiiillMia... 

29-91 
dOH>l 

N.W. 

S.E. 
S.E. 

Wave  No. 

Mov.i; 

18 

19 

Crest. 
Crest- 
Post.  Trough. 

3031 

S.E.E.* 
S.E. 

•  Wave  No.  9. 

Nov.  10  ; 

Ani.  Trough. 

Cmt 

M6 

8.1. 

Wave  No.  11. 

Not.  21  1 
22 

Crest. 
Post.  Trough.  ] 

N.W.  j 

Wave  No.  15. 

N0V.S8 

Crest.  5 
Poet.  Trough.  ( 

29-62 

*  BMittaatt  of  NJS.  and  S.B.  cumnlt. 
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From  the  collation  of  Mr.  Brown's  with  Uie  St.  i'etersburgli  auU 
Geneva  obaervations  wbtdi  bave  been  added  to  Table  I.,  it  b  readily 
apparent  tbat  tbe  vesnlii  anivad  aft  in  the  diieuasion  to  which  refei» 

ence  has  been  made  have  been  folly  confirmed,  and  there  appears 
to  be  but  little  doubt  that  the  waves  as  iletcnuined  in  the  fir^t  Iv- 
stance  !)v  a  (Ilseussion  of  ubservaiions  IVoia  the  stutiuus  auuouiiced 
in  my  iirst  report*,  and  further  identified  and  illustrated  by  the  ob- 
servations collected  by  Mr.  Brown,  as  well  ai  thoie  which  have  been 
brought  to  light  by  means  of  Mr.  Brown'a  observationii  and  ooo- 
firm^  and  illustrate  by  the  St.  Peteraburgh  obssrvatloni^  bad  a 
real  existence ;  an  individuality  has  been  attributed  to  certain  arrange- 
ments of  aerial  currents  and  distribution  of  prf  ^-nre  in  connexion 
\vlt!i  such  currents,  the  aggregate  phfunonieua  IViniing  an  atmo- 
:»piicric  wave.  Of  the  waves  thus  brought  to  li^i^t,  iwo  occupy  very 
promiMnt  positions,  they  stand  out  as  ift  were  Amn  tbe  otheia; 
ittdliidnaUty  of  each  is  very  striking,  and  the  velocitiea  with  whieh 
the^  traversed  the  area  isolate  them  from  their  predece»o^  and  ex- 
hibit them  not  as  gregarious,  but  solitary  waves.  T?u  «o  waves  are 
B**  and  crest  No.  4,  the  first  occurring  just  previous  to  the  setting 
iu  of  the  great  wave,  and  the  last  forming  its  crown.  The  wave, 
crest  No.  4,  appears  from  its  derated  position  on  tho  symmetrical 
or  normal  waTe»  admlimblr  adapted  to  crown  our  invaati^iftaoiis  wHb 
s«ocess»  espedally  in  to  rar  as  its  amplitudoi  velodty  and  path  are 
concerned,  we  are  now,  T  apprelu  nd,  in  possession  of  materials  to 
determine  witli  a  considernhle  npproxinmtion  to  accuracy,  the.-;e  ele- 
ments. Its  longitudinal  direction  aj)pear8  to  have  been  very  exten- 
sive. Thb  element  would  receive  considerable  elucidation  by  meaus 
of  observations  from  tbe  south  of  France,  8^n,  Portnesl  and  tbe 
north  of  Africa*  It  is  highly  probable  that  this  wave  in  Aa  direction 
of  its  length  stretched  from  the  eztieaie  aoudi  to  the  very  north  of 
Europe. 

The  waves  just  alluded  to  will  furnish  material  for  a  further  paper, 
in  which  their  esseutid  feature^  element:},  <Scc.  wili  be  fully  discussed. 
In  the  mean  time  the  attention  of  the  reader  is  directed  to  sev^al 
intemting  features  of  waves  Nos.  1  and  2. 

Wave  crest  No.  1. — An  inspection  of  Table  V.  j^liows  that  this 
crest  extended  from  Belfast  to  Paris  on  the  Ist ;  on  the  4ih  it  j)assed 
Cliristiania,  and  on  the  Sth  it  was  vertiealh'^  over  St.  IVtersburgh. 
On  the  sauie  day,  the  5th,  Mr.  Brow  ii's  observations  indicate  that 
the  crsit  No.  extended  from  Cork,  past  Belfast,  towards  the  Ork- 
neys ;  so  that  the  point  of  inmmoHm  of  the  two  crests,  NoOi  1  and^ 
must  have  been  situated  toward  tbe  north-west  of  Norwaj.  Tbia 
at  once  ezpUuns  the  greater  amount  of  pressure  in  the  nortn-weatof 
Euro|ie  in  the  early  part  of  November. 

During  the  first  eight  days  of  November,  the  movements  at  St. 
Fettrsbnrgh  and  Geneva  were  strictly  in  accordance  with  tiie  transit 

*  Reiiort  of  the  Fourteenth  Meeting  of  the  British  Association  for  the  Advanoe- 
iMBt «  Sdsnoa^  page  W . 
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of  a  large  wave  from  S.W.  to  N.E.>  its  amplitude  being  about  double 
the  distance  between  the  st:itioii^ :  t  liey  were  of  a  precisely  oppoiite 
character,  as  indicated  in  the  following  table 


Table  YL 


Bpoch. 

Nov.  I 

30-34 

29-45 

2 

29-80 

8 

29*88 

30*21 

4 

29-82 

30-22 

5 

2979'" 

30-25M 

6 

30-16 

7 

29-93 

29-II6 

8 

3<H)1 

1MI  UMttittHttD*  IBfarihttQUft* 


The  line  joining  Belfast  and  Paris,  thv  (Jiroction  of  crest,  No.  1  on 
the  1st,  when  produced}  will  pass  ucur  GencN  u,  ilic  anterior  slope 
extending  to  or  beyond  St  Fstenburgb.  The  nnmben  in  the  above 
table  dearly  show*  that  wben  the  barometer  was  falling  at  Geneva 
from  the  postorior  slope,  it  was  rising  at  St.  Petersburgh  from  the 
anterior.  On  the  otii  the  crest  passed  the  latter  station,  when  the 
po6t<  rior  trough  passed  (/eneva.  This  gives  for  the  semi-amplitude, 
or  hali'  breadtii  of  the  wave,  1 565  miles ;  the  velocity  of  the  crest, 
from  its  pasting  Geneva  to  its  arrival  at  St.  Petersburgh,  being  lir92 
miles  per  hour.  The  altitude,  as  measured  by  the  mercurial  column, 
equal  to  'ArG  inch.  The  fall  at  St,  Petersburgh,  from  the  posterior 
slope  of  this  wave,  and  the  rise  at  Geneva,  from  the  anterior  slope 
of  wave  crest  No.  3,  is  also  clearly  seen  tu  the  above  tabic. 

Wave  crest  No.  2. — Tabk  IV.  shows  that  on  the  5th  thin  crest 
extended  ttcm  Cork  to  tbe  Orkneys.  Tbe  anterwr  trough  of  this 
wave  was  also  in  the  neighbourhood  of  Geneva  on  this  day.  This 
gives  for  the  semi-amplitude  792  miles.  The  altitudi-  of  the  wave 
appears  to  have  been  *76  incb»  and  the  velocity  of  the  crest  about 
8*25  miles  per  hour. 

This  wave,  with  its  iioui  towards  the  south-east^  was  very  di- 
stinctly developed  during  the  early  part  of  Kovember.  The  altitude 
of  the  erest  appears  to  nave  nhmd&d  as  the  wave  progressed ;  the 
highest  reading  at  Belfast  was  30*55  on  the  5th,  at  London  30*16 
on  the  f>\h.  and  at  Paris  <i9-90  on  the.  8th.  The  follow  i?i^T  tal»le^ 
exhil)it  the  leatures  of  thr  aiin n  r  slope.  liible  ^  II.  .sliu\v->  liie 
barometric  rise  and  iali  at  staliuub  arranged  more  or  less  with  re- 
gard to  a  lino  entting  the  erest  of  tbe  wave  transversely.  The  de- 
pressing influence  of  the  wave,  crest  No.  1 ,  is  clearly  seen  at  London 
and  Paris  on  the  5th.  Tables  VIII.,  IX.  and  X.  exhibit  the  depres- 
sion of  tli(  south-easterly  stations  below  those  to  tbe  north-west  of 
them  while  the  anterior  sl<^  passed. 

SL2 
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Table  \  II. — Baiumciric  UiHurences  urisiug  from  Anterior  and 

Posterior  Slopes  of  Crest  No.  2. 


Bpodi. 

BelfHt. 

London. 

Fuk. 

Nov.  2 

-15 

-•18 

-•07 

-18 

»  3 

•00 

-09 

-14 

-13 

„  4 

+•27 

+  18 

+  •17 

+•07 

+  10 

+•06 

-  Of) 

-04 

+  04 

+•08 

-08 

-•01? 

-•OB 

+  06 

"  i 

-•39 

«.*11 

-•05 

1  +HH 

Table ViJi. — iiaroiuctric  tliticreiiccs arising  irom  Anterior  iSloix;  of 

Crest  No.  2. 


Kpodi. 

tMldOB. 

London. 
± 

Nov.  1 

30-33 

ao-17 

—16 

M  2 

•18 

•10 

-•€« 

H  3 

•18 

20-96 

—  '22 

M  4 

•45 

30-13 

-•32 

•5r> 

•12 

-•43 

•J  I 

•16 

-•35 

•13 

--30 

»  8 

3004 

30-08 

+  04 

Table  IX. 


Epoch* 

London. 

Piria. 

Pkrio. 
± 

Not.] 

dO-17 

3004 

-13 

•10 

29-86 

-•24 

n  » 

99-96 

•73 
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Upon  fiomparing  lh«  nnmben  at  the  OriEiiays  with  thoee  at  Puw» 
aa  given  in  Table  L,  we  at  once  recognise  a  considerable  difference 

in  the  oscillation  at  the  two  stations.  At  the  Orkneys  it  anion iitiMl  to 
l*7'i,  at  Paris  to  '79,  range  at  tlio  Orkneys  in  excess  "JK).  Jt  apjiears 
probable  that  tliis  difference  oi  o^>ciiiatiuu  ut  two  ^luiioas,  as  the  Ork- 
neys and  Paris,  may  be  that  eamlained.  The  onnrcs  in  the  north- 
west of  Ifekuid)  as  determined  by  the  discussion  of  Sir  John  Her>- 
8ehel*ehonrly*obserfalioni,  are  remarkable  for  boldness  and  freedom 
of  contour  and  great  ranjje  nf  fluctuation.  The  late  Professor  Da- 
niell  found,  from  an  x  umnation  of  the  Mauheini  obscrvaliuus,  that 
the  range  increases)  towards  the  north-west,  and  liiut  the  greatest 
oscillation  occurred  In  the  neighboorhood  of  water.  Now  a  wave 
generated  fin  any  wa v  and  approaching  the  oontinent  of  Eurojpe  from 
the  north*weet,  would  most  probably  impinge  on  it  with  a  high  and 

in  MHne  catee  aeuminated  eieet       /^^\     »  bates  it  passed 


io  that  at  ntntimw  considerably  to  the  south-east  the  fluctuations 


pinged  on  the  land;  but  after  passing  onwards,  the  opposite  to  snl>- 
sidenoe  would  tahe  plaoe;  the  depth  of  trough  would  decrease« 

p  and  the  osciMationa  to  the  sonth-east  would 

abo  decrease.   Such  phssnomeoa  appear  to  be  presented  by  the  ob> 

serrations  from  the  5th  to  the  10th  of  November  1842. 

In  connexion  with  thi^  sn^-itlrnce  of  crest  No.  2|  as  it  passed  from 
N.W.  to  S.E.,  it  may  be  interesting  to  notice  the  passage  of  crest 
No.  3,  the  circumstances  of  the  transits  of  the  tvv  o  waves  being  dif- 
ferent; wave  No.  8  eoniing/roM  Uie  sea,  and  passing  over  IrSand, 
Scotland  and  England,  and  the  land  forming  the  central  part  of 
Europe ;  while  wave  No.  S  skirted  the  western  and  north-western 
boundaries  of  Europe,  and  more  or  less  passed  over  the  waters  of 
the  Atlantic  and  North  Sea.  The  crest  No.  3  came  from  the  S.W., 
so  that  a  line  from  I'iymouth  to  Christiuuia  would  cutitmoreorlesit 
traniveisely ;  the  ranges  bovver  are  nearly  the  same  at  both  stations. 
The  crest  wliich  traveieed  England  on  the  1st  arrived  at  Christiania 
on  the  4th ;  at  tliis  time  the  barometer  had  commenced  rising  at 
Plymouth  from  the  anterior  slope  of  crest  No.  ^-  niid  it  continued 
rising  until  the  Ttli,  wlien  the  crfst  passed.  At  Christiania  the  ba- 
rometer had  fallen  Iroia  the  posterior  slope  of  cre&t  No.  2.  It  ap- 
pears from  a  careful  comparison  and  consideration  of  the  barometric 
movements  at  Plymouth  and  ChriBtianta»  that  erest  No.  2  passed 
Christiania  about  a  day  earlier  than  it  did  Plymouth,  that  is,  the  lon- 
gitudinal direction  of  the  crest  was  such  as  to  cause  it  to  pass  over 
Christiania  whilr  Plynioitth  was  still  under  the  anterior  slope  of  the 
wave,  tiie  sections  passing  over  Christiania  and  Plymoutli  being 
separate  and  distiact.   The  character  of  the  passing  wave  is  well- 
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determined  at  both  stations,  the  posterior  slope  cxliibitinp  a  rapid 
tkUd  deep  fall,  whicl>  tooit  place  alike  at  Christiania  and  Plymouth. 

The  crest  No.  '2  C(»?  k.  B«  Ifast  and  tiie  Orkneys  on  the 

5th,  Plymouth  on  the  Ithj  aiid  i'aixs  uii  the  8th,  with  a  dtuiiiiutioo 
of  oscUlatioii.  We  find  howefer  no  dimimition  of  oiollltiea  t 
Christuuiia  m  conperad  with  Piyniouth.  It  is  highly  probable  tlie 
subsidence  of  the  cn  st.  as  it  proceeded  towards  Paris,  resulted  from 
thf  iunnencc  of  the  land  in  England,  w  hWc  both  at  Plymouth  and 
Christiania  tho  crest  was  bnt  slightly  interfered  with  by  the  influ- 
ence of  land,  the  ditierence  of  levii  ruiuiuiig  from  the  anterior  slope 
of  cra&i  No.  j, 

TheeeooDsiderattoM  exhibit  a  large  waw  of  eooiidefalilo  bicadlh 
•ad  ilair  iiioImii»  extending  in  a  longitudinal  diroclioii  from  the  ex- 
treme soiitb*vcat  of  Engiand,  pait  Norlbik,  towardi  the  fiwodaih 

capital. 

Thf  e!i  incuts  of  the  waves,  as  referred  to  in  rabies  II.,  IIT^  TV, 
and  v  .,  have  been  determined  by  observations  made  daily  \  and  a 
penual  of  the  diaeunion  of  these  ofatenratioiis  will  dearly  «iow  thai, 
IB  Older  to  detect  and  examine  the  charactera  of  the  laigtr  nndnla* 
tions,  daily  observations  may  snfRoe.  For  thia  porpoiK  it  will  be 
be:»l  to  choose  the  middle  of  the  day.  The  Astronomer  Royal  has 
determined,  from  fonr  years'  observations  at  Greenwich,  that  at  2 
hours,  Gbttingen  mcua  time  (20  minutes  past  1  p.m.  Greenwich 
time),  the  barometer  varies  but  O'°*001  from  tiie  mean  of  the  vear, 
(hat  iB»  if  the  mean  pretanre  ia  to  be  determuied  from  an  iaolatcd 
observation  each  day,  this  hour  is  the  most  auitable,  the  mean  cor- 
rection being  0'"'001  to  be  added.  This  at  once  indicates,  that  for 
the  present  purpose  this  honr  is  also  the  most  suitable,  the  observa- 
tions being,  to  a  great  extent,  IVee  from  the  efl^eets  of  the  diurnal 
Oticillatiou.  If  two  obi>ervutious  are  made,  the  moht  suitable  epochs 
are  7*20  a.m«  and  1*20  p.m.  ;  and  if  three,  7*^  f«m*  in  addition.  In 
order  however  to  detect  and  examine  smaller  undulationai  obaer«a» 
tions  at  shorter  intervals  equally  diapoaed  throtq^houfc  the  twe&ty- 
four  boon  are  emential. 


LXXVII.  Experiments  proving  the  comnum  nature  of  Mag- 
ntiisnif  Cohesion^  Adhesion  and  Viscosity,    By  Sir  Graves 
C.  Haughton,  K.H.y  M^A,^  F.R,S^  ibreitgn  AstociaU  qf 
the  JmtUtde     France^  4^ 

[Gontinuad  ftom  4570 

Part  IL 

Of  the  muiuiti  magfietic  attractions  of  non^ferruginons  bodies, 

A  FTER  a  firent  number  of  substances  had  been  measured 
''^nccording  to  tlic  preceding  plan,  it  occurred  to  me  that  by 
a  slight  uiodifjcaliun  of  the  needle,  the  mutual  nmguctic  rela- 
tioi  s  of  non-ferruginous  bodies  might  possibly  be  ascertaijied. 
T^i  ou^^Ii  ihid  oUigiug  readiness  of  M.  Pixii  of  this  dt)?,  i  had 
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two  needles  constructedy  half  of  which  were  mnguets  and  the 
other  halt  bir^ss;  the  junction  of  the  brass  and  steel  being 
eflcctcd  exactly  mid-uav  where  the  caps  were  attached.  As 
it  was  anticipated  that  thu  movement  of  such  a  needle  would 
be  slow,  m  the  whole  directive  energy  cuiiUi  only  be  olilained 
Irom  the  niaffiieLic  end,  their  caps  were  of  stone.  I  had  Lhc 
plcflture  to  mid  that  though  their  movement  was  necessarily 
sluggish  in  cotnparftaa  wtth  that  of  the  common  needle,  yet 
theCit  was perfi!ctly  unlfonn end  certehis  and  that  the  hnm 
end  attached  itself  to  Yartoos  substances  with  even  more 
teoaoiqr  than  had  bean  the  oese  with  the  purely  magnetic 
nmile^  or  with  its  own  magnetio  pordon.  I  next  had  two 
needles  made,  one  with  a  goSd  and  the  other  with  a  silver  ter- 
mination ;  but  owiniT  to  a  misapprehension  nf  the  workman 
their  cnps  were  ot  brass,  and  troni  this  circumi»tance  the  in- 
creased Jriction  prevented  their  fra  movement,  particularly  in 
the  case  of  the  jsiiver  needle.  Howtvei,  auificient  wd^  tlis- 
covcred  by  their  employment  to  see  that  the  gold  and  silver 
could  likewise  be  made  to  attach  thetujselves  to  non-ferruginous 

bodies. 

It  was  only  now  necessary  to  make  sueh  a  modiBoaiion  of 
the  new  prineiple  of  meesorement  as  should  enaUe  it  to  he 

applied  to  any  metal,  and  for  thb  pnrpoee  I  had  short  tubes 
soldered  to  the  ends  of  half  magnetic  needles  where  they  were 
joined  to  their  agate  caps.    Into  these  small  tubes  needles  of 

any  malleable  metal  could  be  inserted  at  pleasure;  their  weight 
and  leiirrth  being  just  sufficient  to  balance  the  steel  portion  of 
the  needies.  The  steel  ends  were  necessarily  made  thicker 
than  the  magnetic  needle  I  have  already  described,  to  balance 
the  increased  uei'dit  of  the  tubes  and  tnetal  needles;  and  the 
whole  weiglied,  wiien  complete,  in  oau  case  sixteen  grains,  and 
in  the  other,  which  was  a  little  larger*  nearly  eiffhteea  grains. 
The  length  of  the  steel  half  was  twenty^tiufee  muUmMrMi  and 
the  whole  needle  thcrsfore  fbrty«>siz  millimetres  long.  It  is 
necessarjr  to  bear  In  mind  that  the  metel  needles  should  not 
exeeed  the  magnetic  ends  in  length,  otherwise,  according  to 
the  principle  of  the  leter,  they  would  be  mofed  with  mater 
facility  then  the  steel  poftion»  and  giro  proportieiiably  nigher 
results. 

The  form  of  these  uosdles  is  here  gtteo  with  and  without 
their  metal  ends. 


By  a  iiurther  modiflcatiflo,  the  aramg^meBt  was  fitted  to  be 
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employed  with  any  small  fragment  or  substance  tbat  it  was 
desirable  to  use  as  a  needle.  This  consisted  simply  in 
makiiijj:  a  slender  neetile  of  wood  of  the  same  form  as  those 
of  metal,  by  means  of  which  any  fragment,  though  not  ex- 
ceeding the  size  of  llie  iiead  of  a  pin,  could  be  attached  with 
wax,  and  then  employed,  the  same  as  if  it  were  a  needle  of 
malleable  metal^  after  beine  inserted  in  the  little  tube  of  the 
magnetic  needle.  The  deficient  weight  of  the  wooden  needle 
can  be  made  up  by  twining  round  it  a  fine  strip  of  sheet- 
lead  ;  and  in  like  manner  the  metal  needles  mav  be  made 
to  balance  with  equal  nicety,  when  too  light,  by  rolling  round 
them  a  small  strip  of  tin  foil ;  a  necessity  that  must  often 
occur,  owiiif^  to  tlie  tlillurent  densities  ot  the  metnls  employed. 
All  these  details  are  recjuisite,  as  the  expermienter  must  in  so 
many  cases  become  his  own  workman,  to  meet  each  particular 
exigency. 

These  needles  were  urged  to  the  substances  by  a  bar-mag* 
net,  in  the  same  way  as  in  the  preceding  experiment^  and 
were  employed  either  in  measuring  the  purely  magnetic  in- 
tensities or  those  of  non-ferruginous  bodies,  by  using  one  or 
the  other  end  as  occasion  required.  The  unmagnetie  ends 
were  likewise  made  to  connect  themsdives  with  substances, 
for  which  they  had  a  strong  affinity,  by  means  of  the  finger 
instead  of  a  bar-magnet  as  in  the  former  cases,  but  to  a  much 
greater  extent,  for  it  was  the  only  means  I  hail  nt  my  com- 
mand of  ascertaining  that  the  junction  was  made  witii  more 
than  usual  readiness,  and  this  result  is  here  marked  by  tlie 
letter Jl  instead  oi  the  signs  x  x  as  before.  All  the  other 
signs  formeriy  used  are  again  employed  in  similar  cases^  and 
it  will  be  seen,  perhaps  with  some  surprise,  thai  the  mutual 
affinities  of  non-ferruginous  bodies  greatly  exceed  those  of 
the  ma^etic  needle,  diere  being  few  cases  in  which  the  mea^ 
sures  did  not  reach  90°. 

In  the  preceding  branch  of  this  subject,  whatever  has  been 
said  on  the  importance  of  giving  time  for  the  influence  of  the 
needle  Lo  take  effect,  is  no  longer  necessary;  and  all  that  is 
required  is  to  atibrd  tiie  time  requisite  for  oscillation  entirely 
to  cease;  for  here  the  effects  are  purely  normalj  as  non-fer- 
fuginous  bodies  only  are  mutually  concerned.  This  result 
might  have  been  easily  anticipated,  ibr  it  is  now  merely 
natural  and  spontaneous  affinities  that  are  brought  into  play. 
Magnetism,  in  the  common  acceptation  of  the  term,  will  be 
seen  to  be  an  abnormal  and  exceptional  states  and  all  the  re* 
suits  that  proceed  from  it  must  partake  of  the  same  character. 
The  more  powerful  therefore  the  magnet  or  the  loadstonei 
the  more  abnormal  and  exceptional  must  be  its  results* 
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The  pbcnonieiia  brought  to  Ught  by  Dr.  Faraday's  mode 
of  experimenting  are  indeed  my  remerkable,  and  they  ap- 
pear to  me  to  have  a  surprising  analogy  with  what  he  and 

Thiloiirier  effected,  when  operntinn^  on  the  frnses.  By  the 
resources  ot  sciciict',  those  bodies  wliicli  in  their  normal  state 
onlv  exhibit  rc})ulsion,  were  made  to  reveal  their  occult 
power  of  attraction  ;  ami  in  a  j>imilar  manner  in  tli(  so  new 
experiments,  bodit^s  that  had  been  only  reniarkeii  lor  indif- 
ference to  magnctisra,  were  broujght  within  its  pale.  Yet  the 
instances  which  I  have  already  shown*  and  those  which  are  to 
follow,  will  make  it  more  than  doubtfol  whether  the  two  cate- 
gories of  attraction  and  repulsion  under  which  bodies  arranged 
Uiemselves  in  his  hands,  are  really  those  that  would  result 
from  their  normal  conditions^  if  these  could  be  known  with 
exactness.  Thus  by  his  experiments  he  considers  platinum 
as  magnetic,  and  flint  glass  as  diamn<rnelic,  nnd  they  ought 
not  therefore  to  agree  in  their  affinities  :  yd  i  find  that  they 
both  have  a  remarkable  attraciiun  for  lead ;  ci'own  glass  too, 
so  far  from  having  a  feeble  attraction  for  the  magnet,  as  we 
are  led  to  suppose  Iroiii  his  experiments,  has  really  a  very 
considerable  ailinity  for  it,  as  will  be  evident  by  the  nistance  1 
gave  of  the  needle  in  the  oompass-boxy  which  attached  itself 
per  saUtm  to  its  glass  screen  on  a  magnet  being  held  over  it. 
Palladium  and  platinnm  also^  which  Dr.  Faraday  considers 
as  magnetic^  agree  with  all  hb  diamagnetic  metals  with  which 
I  have  operated  in  their  attraction  for  gla^  of  every  kind^  and 
I  find  that  both  palladium  and  platinum  exhibit  a  much 
feebler  degree  of  attraction  for  the  magnetic  needle  than  they 
do  for  iron  that  is  free  from  ma^^nctism.  Yet  in  bis  scale 
crown  glass  ranges  between  pal  hull  inn  and  platinum. 

The  obbc  iii  e  nature  of  uliinily  cannot  be  better  exemplified 
than  in  considering  these  experiments,  where  we  have  airesh 
demoiibtiaiioii  of  its  universality.  As  no  instance  has  yet 
been  discovered  of  a  body  existing  free  from  repulsion,  for  no 
bodies  have  jret  been  found  with  their  mokcoles  in  dose  con^ 
tad*  so  in  the  pressni  case  we  shall  see  that  where  attraction 
could  not  be  more  than  imaoinedy  that  that  property  exists  in 
considerable  strength,  and  that  it  is  owing  to  it,  by  the  mere 
affinity  of  points  for  points^  that  is  of  molecules  for  molecules, 
that  bodies  hold  tc^^er  with  such  tenacity,  though  each 
point  is  totally  inert  oeyond  its  own  sphere  of  action ;  indeed 
so  much  so  that  the  finest  hn'w  or  a  fragment  of  any  substnnce 
not  sn  large  as  the  head  ot  a  pin,  has  as  much  influence, 
magnetically,  on  the  various  needles  that  have  been  tiied,  as 
the  large^sL  mass.  It  is  ddierent  however  where  the  electro- 
magnet is  cauctiiued,  iur  through  itb  powerful  influence  the 
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magnetic  energies  ot  bodies  Inuught  wiihiu  lU  range  are 
heightened  to  a  surprising  degree.  Magnetism  proves  the 
co-existing  and  alternating  nature  oi  attracuuii  and  re|>ui2>iuu, 
and  that  where  we  iind  one  we  may  be  c^uite  certain  that  the 
otber  i»  only  in  abevance,  nutting  potentiallj,  and  nadj  to 
luring  iolo  adion  the  moment  tM  cooditiont  of  tiodies  ere 
tucli  OS  to  admit  of  this  lew  of  nature  coining  into  ectiTfty.  I 
my  bodieiy  becentOi  ei  it  is  a  law  of  relation,  there  moil  be 
the  mutual  presence  of  two  things  to  enable  it  to  esiit.  Mow 
the  insensible  relations  which  the  present  experiraente  reveal, 
seem  identical  with  those  which  Dr.  Faraday  was  able  to 
make  seiniblc,  even  to  an  audience  in  a  theatre,  by  the  means 
ot  a  })o\vcrfiil  electro-magnet,  just  in  the  same  way  as  when  a 
bit  ut  paper  excited  positively  or  negatively,  and  i»carcely 
adbrdin^  the  slightest  iiuh cation  of  its  excitement,  will  be 
roused  into  biroug  repuUion  by  ilie  approach  of  any  electric 
body  in  a  similar  state  with  itself  but  more  highly  eauuted; 
and  indeed  the  degree  of  its  repdsion  will  be  proportioned  lo 
the  energy  of  the  eleetrio  slate  of  the  body  with  whidi  it  is 
in  relation ;  it  being  one  of  the  mysteHoos  peenluuritlee  of 
afiinily  that  the  body  that  exhibits  it  in  the  strongest  degree 
raises  the  feebler  related  body  up  to  a  stele  of  eqiedity* 

The  neutral  state  which  Dr.  Faraday  supposes  to  exist 
throui^h  the  strnn^irle  of  what  he  terms  magnetic  and  diamag- 
ijctic  forces,  in  various  saline  solutions,  is  accordmt,^  to  the 

t))  eceiUng  views  due  entirely  to  the  relative  streiiiril)  ol  llie 
alciiL  attraction  or  repulsion  roused  into  a  state  ot  exaggeia- 
tion,  and  if  1  may  i>o  i»uy  abuonnalism^  by  ihe  surpassing  energ)' 
of  the  electro-magnet ;  but  were  we  to  buppose  the  phscnomena 
thus  exhibited  to  be  the  normal  state  of  neture,  we  sbonld 
interprst  wrongs  and  mislake  the  ezcapdon  for  the  mle* 

But  es  ftets  are  belltr  than  all  reesoning,  I  proeted  to 
exhibit  the  mutnel  efttrsctions  and  prssumed  repolsions  which 
1  elicited  in  eiiont  600  additional  esperunents>  togather  with 
the  msesorss  so  obtained. 

The  measurements  of  the  experiment  which  follow  were 
first  thrown  into  a  tabular  form,  the  substance*?  i>eing  arranged 
perpendicuhirly  on  the  left  sicic  of  the  pnpcr,  and  the  needles  in 
succession  at  the  top,  both  oi  liieni  hc\u<j^  between  ruled  lines  in 
opposite  directions.  This  arrangement  had  the  great  advan- 
tage of  affording  an  easy  contrast  at  a  glance,  but  notwith- 
standing the  number  ot  experiments  that  have  been  made  ii 
left  too  many  lacutuCf  owing  to  the  great  number  of  needles 
and  snbslanoes  which  I  had  not  ifma  tti  try;  far  the  sekeof 
saving  spaoe  it  was  abandoned  therefim  for  thenrasot  plea. 
The  needles  employed  are  fodlcaiad  by  thelsttm  which 
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follow*  The  glass  oeedie  was  of  flint  glass.  It  is  possible 
that  one  of  crown  glass  might  have  given  even  higher  results ; 

but  if  so  its  effects  could  not  have  been  appreciable  in  the 
cases  above  90  .  By  a  reference  to  the  counter  experiments 
where  crown  nnd  Hint  glass  were  the  substances,  and  the 
metals  the  needle%  there  will  be  seen  to  be  a  great  equality  in 
the  results. 

M  magnet;  I  iron ;  P.  G.  pure  gold  ;  Ol8c  gold  18  carats ; 
S  diver ;  P  pBlladittro ;  PL  pUtinam ;  Cad.  caamiani ;  T  tin  ; 
L  lead;  Z  adnc;  Cop.  copper;  B  brass;  Gerai«  8.  German  silver; 
Ars.  arsenic ;  Gl.  glass. 

15/  Class, 

Gold  (pure)  with  M  90",  difiicult ;  I  90°+ ;  P.  G.  90°+ ; 
G  18c.  90°;  P  90°;  Pi.  81°;  Cad.  90°  f.;  T  90°+  ; 
Z  90°+. 

Gold  (18  carats)  with  M  90%  difficult;  I  90°;  T90°+; 
B  90°x. 

Silver  (pure)  with  M  90"  +  ;  1  90°  +  ;  Cad.  90°;  T  90 '  x . 
Silver  (coin)  with  M  90^+;  Cad.  90°+;  T  88\ 
Pailadiam  with  M  68<»;  1 90«  +;  P 40°;  Cad.  60^ ;  T  9(^. 
Platinum  with  M  65**;  190^;  P.G.  8fl*»;  Pl,75*';  P  25°; 

Cad.  81°;  T  82°;  Gl.  90°  f.  easy. 
Cadmium  with  M  90°;  PI.  76°;  afler  many  efforts  it  would 

not  come  up  to  tlie  ttl°  of  tlie  cadmium  needle  and  (ilati- 

num;  Cad.  90°,  easy;  T  90"*,  very  difficult. 
Tin  with  M  90°  +  ;  1  90°,  but  difficult;  Cad.  90%  weak; 

T  90°  ditlicult  at  every  step. 
Lead  with  M  90""  +  ;  I  90  +  ;  P.  G.  90°  f.  very  easy ;  PI.  90% 

easy;  L  84^;  Z  90  ,  difficult;  B  90°  f.;  Gl.  90°  f.  very 

firm. 

Zinc  ^th  M  90°;  Cad.  90°;  T90°x;  L90x;  Z  90  ; 
Cop.  90P. 

Copper  with  M90^+;  P.G.  90° f. firm;  PI.  90°+;  T90^x; 
Z  90°;  Cop.  90°;  B  90°,  f.  firm. 

Iron  with  I  90°,  very  easy ;  T  90°,  rather  difficult. 
Mercury  with  M  90%  sticks;  G.  18c. 90%  sticks;  T  76° 
Antimony  with  M  66° ;  I  27° ;  P.G.  90°  +  ;  PI.  50°;  Cad. 

90%  very  difficult;  T  90°;  Cop.  90°  f.;  B  90%  firmish  with 

the  cut  end. 

Bismuth  with  M  51°;  I  77°;  P.  G.  90V;  PI.  94°;  Cad. 

90%  difficult;  T90°;  Cop.  90°;  Gl.  90% 
Chromium  with  M  90\;  at  liist  it  quite  failed,  but  rose  by 

waiting  a  very  long  space  of  lime  up  to  90° ;  I  60°;  PI.  90° ; 

T  failed;  L36°. 
Manganese  with  M.  A.;  Fl.  failed;  T  10l°. 
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Cobalt  with  M  90^  T  failed. 

Brass  with  M  90^  I  90°,  not  ea^;  P.  G.  90°  f. ;  PI.  fHf; 
T  90''x  ;  h9(ff  f.  very  easy  and  firm;  B.  90%  f.  very 

ensv,  firm. 

Gcrniaii  silver  witli  M.  A.;  P.  G.  90°  f.;  L  90°,  f.  very  easy 

aiul  firm;  Cop.  90°,  f.  most  easy;  B  90'^,  1.  strong;  Gl. 
-  90^,  f.  very  strong. 
Bcll-metal  w'ith  M  90°;  P.  G.  90"^^  f.;  T  90"^,  junction  easy 

after  the  use  of  the  magnetic  needle ;  L  90°,  f.  easy ;  Con. 

90°,  r.  firm ;  B  90°,  f.  very  firm ;  Germ.  S.  90^;  Gl.  90% 

f.  easy. 

Arsenic  with  M  15**;  I  S4°;  P.  G.  19^;  S  failed;  P34°; 

PI.  0°;  Cad.  90°  +  ;  T  failed;  L  90^  Z  28°;  Cop.  57**; 

B  failed;  Germ.  S.  failed;  Ars.  65°;  Gl.  52°. 
Plumbago  with  M  failed ;  1  failed ;  PI,  failed. 

In  tlu^  and  the  following  classes,  the  results  already  ob- 
tained with  the  magnetic  needle  are  again  repeated  for  the 
sake  of  afibrdinc  an  easy  means  of  comparison.  The  iron 
needle  was  of  soft  iron  wire,  and  on  bringing  it  near  a  delicate 
magnetic  needle  it  caused  no  repulsion,  but  attracted  the  N.. 
and  S.  poles ;  I  therefore  believe  that  if  it  had  an  v  magnetism 
it  did  not  influence  the  results,  and  if  so  it  would  have  had  a 
tendency  rather  to  diminish  than  to  raise  the  measurements, 
for  often,  as  in  tlie  case  of  palladium,  platinum,  hismulli  ami 
arsenic,  iron  has  an  advanta^^e  over  the  magnetic  needle, 
though,  as  may  be  obbervcd  with  regard  to  antimony  and 
chromium,  it  often  falls  consideiably  beiiind  iL  Iron  in  its 
normal  state,  that  is  free  from  adventitious  magnetism,  dis- 
covers less  affinity  for  other  bodies,  and  even  Jor  itseffi  than 
^Id,  cadminm,  tin,  copper,  and  some  other  metals.  When 
It  was  made  to  attach  itself  to  a  bit  of  its  own  wire,  the  con* 
nezion  was  broken  with  as  much  facility  as  was  exhibited  bv 
most  of  the  metals.  This  result  will  be  scarcely  anticipated, 
and  is  a  further  proof  that  it  was  devoid  of  free  magnetism. 
The  polarity  that  iron  exhibits  is  (hie  entirely  to  extraneous 
causes^  and  as  my  opmions  have  been  loni^^  made  up  upon  the 
subject,  I  hope  before  long  to  make  tlicrn  known,  and  to  show 
that  it  depends  upon  causes  ol  the  himpit^st  kind,  it  that  ex- 
pression may  be  applied  to  phsenomena  in  which  so  mysterious 
an  agencj^  as  affinity  is  concerned.  Manganese  exhibited  only 
an  attraction  of  1 0^  for  tin,  and  none  for  platinum.  Chromium 
bad  likewise  no  attraction  for  tin,  and  indicated  only  19**  for 
gold,  while  for  platinum  it  had  an  attraction  of  90%  yet  both 
chromium  and  platinum  are  magnetic  metals  according  to 
Dr.  Faraday's  experiments,  and  gold  diamagnetic*   But  ail 
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these  unexpected  molts  will  be  leea  at  a  glaniae  by  referring 
to  the  list. 

Antimony  and  bismuth  stand  high  with  such  non-ferruginous 
metals  as  have  been  tried  ;  platinum,  for  which  the  attraction 
of  both  is  low,  being  excepted.  With  cadmium  the  attraction 
for  antimony  was  raised  to  90^  by  keeping  the  latter  in  con- 
tact with  a  bar-niaguet  for  a  short  time ;  yet  tin,  between  which 
ami  caihnium  there  is  such  a  similarity,  aLtairied  90°  without 
being  kept  in  coiuact  with  the  bar-niagnet;  but  1  see  by  a 
reference  to  the  note  taken  at  the  tiQie»  that  it  was  accom- 
plidied  with  some  difficulty.  It  is  remerkable  that  antimony 
was  twice  raised  with  the  brass  needle  to  90^  with  great  easet 
though  before  it  could  not  be  got  higher  than  80**.  In  the 
same  way  antimony  was  last  year  made  to  connect  itself  at  90*^ 
with  the  copper  needle,  while  now  the  cut  end  could  only  be 
got  up  to  W\  and  the  side  to  55^,  but  this  sort  of  capricious- 
ness  has  occurred  from  time  to  time  without  aoy  assignable 
cause. 

2nd  Class. 

Selenium  with  M  10°;  I  75%-  P.  G.  90°+;  G.  18c.  30^; 

P  20°;  PI.  39°;  Cad,  90^+;  T  90°+;  L  35°;  Z90**i 

Cop.  failed  ;  B       ;  Ars.  failed;  Gl.  90°,  f. 
buijphurwith  M  28" ;  I  39^^;  P.  G.  90^+;  P20^:  PI.  65°; 

Cad.  90°;  T90°i  L90°X5  Z90°+;  Cup.90  +i  B65°; 

Gl.  90^  f. 

What  luis  already  been  said  with  regani  to  sulphur  nnd 
selenium  in  ilie  first  part  of  this  paper,  leaves  but  little  to  be 
added.  They  will  be  found  to  show  only  a  remarkable 
affinity  for  p;lass,  but  their  contrast  with  lead  is  striking.  The 
energy  of  both  was  heightened  l)y  bting  kept  in  contact  with 
a  ma<^iiei,  and  then  tested  witli  a  brass  needle.  The  prei'erence 
that  sdenium  shows  for  iron  over  the  maj;netic  needlci  is 
worthy  of  attentiony  as  well  as  the  contrast  it  stands  in  with 
SQtphiir»  in  its  low  attraction  for  lead. 

3rd  Class* 

Diamond  with  M  G.-r;  I  90°,  not  very  difficult;  G  18c.  90°; 

PI.  90^  f.  strong;  Cad.  90%  not  easy;  T  90^+;  Z90°; 

Cop.  90%  f.  easy;  B  90^  +  ;  Gl.  90"",  f. 
Ruby  with  M  90'  +;  Cad.  90'  +  ;  T  90"  +  . 
Sapphire  with  M  90°  +  ;  Cad.  90  '  +  ;  T  90°  +  . 
Topaz  with  M  74°  j  Cad.  75  ;  T  68^ 
Topaz  (pale)  with  M  66° ;  Cad.  83° ;  T  80°. 
Jargoon  with  M  90**+;  Cad.  90^+;  T  90**+. 
Emerald  with  M  90"*+;  Cad.  90^+. 
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Amethyst  with  M  65'';  PI  90%  diffioolt;  Gad«  90^  x; 

T  90"  X, 

Opnl  with  M  failed;  Cad.  90^  +  ;  T  90°-}-. 

Cornelian  (red)  with  M  35^;  I  90%  f.  very  strong;  P.  G.  90°, 

f.  strong ;  T  90°,  f.  strong ;  Z  90%  f.  stroDg ;  Cop^  90% 

f.  strong ;  Gl.  90%  f.  very  easy  and  strong. 
Cornelian  (white)  with  M  37";'  I  90%  i'.  easy ;  P.  G.  90% 

f.  strong;  T  90°,  f.  strong;  Z  90%  1.  strong;  Cop.  90% 

f.  Strong ;  GI.  90%  f«  very  easy  and  strong. 
Blood-stone  with  M  S7^ ;  I  90^,  f*  very  easy ;  P.  G.  90% 

f.  very  strong;  T  90%  f. strong;  Z 90%  f.  strong;  Cop. 90% 

f.  strong ;  Ol.  90°,  f.  very  easy  and  strong. 
Qoartz  with  M  90"";  PI.  90%  tiny  cftiy ;  T  90°,  f.  strong; 

Cop.  90%  f.  easy ;  13  90%  f.  firm. 
Flint  with  M  90^;  1  90%  very  difficult;  P.  G.  90%  f. ;  PI. 

90%  not  very  firm;  Cad.  90°;  T  45**}  L  90%  f.  easyj 

B  90%  f.j  Gl.  90%  f.  very  strong. 

This  class  has  been  tested  but  to  a  limited  extent  with  non- 
ferrnginous  needles,  but  the  results  are  sufficiently  plain  to 
prove  that  they  follow  the  same  law  as  the  preceding  classes, 
and  there  can  be  no  doubt  from  the  indications  nfforded  by 
what  have  beon  tried,  lliai  liicy  would  have  exhibited  those 
strong  affinities,  belonging  to  all  substances  of  the  vitreous 
class.  A  second  specimen  of  diamond,  which  was  n  mere 
spark,  was  tested  with  the  magnet  and  iron,  but  the  results 
were  the  same  as  with  the  first  specimen.  I  am  indebted 
for  maiw  of  these  specimens,  to  Messrs.  Widdowson  and 
Veale  of  the  Strandf  who  veiy  obligingly  afibrded  me  the  use 
of  then* 

riiiit  glass  (priaiii,  English)  with  M  S0°;  P.  G.  90%  f.;  Gl8c. 

73%  difficult ;  P  90%  f. ;  PI.  90°,  f. ;  Cad.  90%  f. ;  T  90%  f. ; 

L  90%  f. ;  Z  90%  f. ;  Cop.  90**,  f.  5  B  90%  f. ;  GI.  90%  f. 
Flint  glass  (tumbler)  with  M  90"+ ;  I  90%  f. ;  P.  G.  90*>,  f. ; 

G  18c.  90'" ;  P  90%  f. ;  PI.  90%  f. ;  Cad.  90%  f. ;  T  90%  f. ; 

L  90%  f.;  Z  90%  f  ;  Cop.  90%  f. ;  B.  90%  f. ;  Gl.  90%  f. 
Crown  glass  with  M  90'  ;  I  90%  f.  very  easy  and  strong ; 

P.  G.  90%  f.  not  easy;  G  18c.  90%  very  easy ;  P  90%  f. ; 

PI.  90%  f. ;  Cad.  90%  f. ;  T  90%  f. ;  L  90%  f. ;  Z  90%  f.  i 

Cop.  90%  f. ;  13  90%  f. ;  Ars.  90%  f.  most  cn<ry. 
Blue  glass  with  M  90°  -f- ;  I  90%  f. ;  P.  ( i.  90  + ;  G  1 8c.  85° ; 

P90°,  i.;  ri.  90%  f.;  Cad.  90%  f.;  T  90  ,  f. ;  L  90%  f.;  Z  90% 

f.;  Cop.  90%  f. ;  B  90%  f. ;  Genu.  S.  9ff;  GL  90%  f. 
Green  fancy  glass  with  M  90^;  I  failed;  P.  G.90^,  f. ; 

G  18c. 70^;  P. 90% f.;  Pl.90'°',f.;  CBd.90*',f.;  T90^,f.; 
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L  90°,  f. ;  Z  90°,  f.;  Cop.  yo^  f.;  B  90°,  L  j  Germ.  S.  90%  f.; 

GI.  90°,  very  easy, 
lied  glass  with  P.G.  9U  ,  t.j  P.  90",  f.;  PJ.  90°,  f.;  Cad.  90°,  f. 

very  bti  ong  ;    i  90"^,  f.  very  strong  j  L  90°,  f.  i  Z  90°,  f. ; 

Germ.  S.  90°,  f. 
Omn  bottle  class  with  M  70°  S  P9Cf,C|  PLM^f.;  CmL90% 

£|T9€(°,ir|L90P,f.»  Z90%f.;  Gop.90P»r.;  B9€P,f.; 

OL  90*»  r. 


Porcelain  (French)  with  M  90°  j  P.  G.  90°,  f.  i  Pi,  90° ; 

B  90°,  f. ;  Gl.  90",  f. 
Porcelain  (dtfitisrs}  with  M  74"" ;  PI-  90°i  f. ;  L  90°,  f. ; 

Z  90^,  f. 

Blue  eiiaiiiel  with  M  SG^* ;  T  90°  X . 


Gypsum  stone  with  M  26"" ;  Gi.  failed. 

Alabaster  with  M  25^;  Gl.  90°  x. 

Marble  (gray)  with  M  55^•  G  18c.  90°  difficult;  T.  90° 

Marble  (yellow)  with  M  10^;  P.G.90°+;  G  18c.  56°;  PSO'^; 

PI.  90^;  Cad.  90°  +  ;  T  90^-f ;  Z  47°;  GL  73**. 
Gas  coal  with  M  15;  Gl.  0°. 


Iceland  spar  with  M  90^;  I  90^+ ;  P.  G.  90°,  f.  $  O  18  e. 

90"^ ;  S  90°,  f.  easy ;  P  90°  f. ;  PL  90**,  f.  |  Cad.  90°,  f. ; 

T  90°,  f.;  L  90°  +  ;  Z  90°,  f.  easyi  Cop.  90%  f.  firm; 

B  90^,  f.  strong;  Gl.  90°,  f. 
Felspnr  with  M  10°;  Cad.  S0°;  T  45^;  GL  90%  f.  very  firm. 
Selenite  with  M  15  ;  P.  G.  86^;  T  85'  ;  Gl.  90°+. 
Talc  with  M.  60°;  I  90  +;  G  18c.  90°;  Z  4.0°. 
Prntobulphate  of  iron  with  M  90°,  f.  very  easy;  P.  G.  90°, 

1.  \  ery  easy  ;  GL  90%  f.  very  easy  and  strong. 
Carbonate  of  iron  with  M  16°;  I  20° ;  P.  G.  90%  f.  rather 

dUBeiilt,*  S90^  f.  firm;  P  firiled;  Pi.  fiuled;  Cad.  90% 

f.  firm;  T  90%  f.  firm ;  L  failed ;  Z  90%  f.  most  firm ; 

Cop.  14**;  B  U*";  Germ.  S.  9**!  Gl  90^+. 
Sulphate  of  copper  with  Gl.  90%  f.  easy  and  strong. 
Crystallized  tin  with  M  failed ;  I  90%  f ;  P  90%  not  difficnlt; 

PL  90  ,  difficult ;  L  90°,  f.;  Z  90,  f.  contact  instantaneous; 

Cop.  90%  f. ;  B  90%  f.  Strong;  Germ.  &  90° j  Gl.  90% 

f.  contact  instantaneous. 


Atom  widi  M  IS*";  GL  90°,  f. 

Rode  salt  widi  OK  90%  f.  very  strong. 

Sugar  ttDdy  (white)  with  P.  G.  90°+;  T  90^+;  OL  90°  £ 

Sogw  Gudj  (brown)  with  GL  90P  t 

In  this  ^tts  it  will  be  seen  that  iron  in  many  cases  maln- 
tdns  ft  great  snpefknityofer  the  magnet.  The  glewes  seemed 
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to  deserve  particular  attention,  and  have  been  caret ully  tested. 
Their  strong  aUraction  for  non-ferrumnous  bodies  roust  prove 
interesting,  and  Iceland  spar  vies  wi&  Chem  in  that  property, 
for  the  needles  had  only  generally  to  be  pushed  against  it  lo 
form  the  connexion.  The  porcelains  exceed  even  the  glasses 
in  their  affinities  Ibr  non-ferroginous  bodies.  The  attracUoD 
of  glass  for  sugar  candy«  toek  salt  and  alum,  is  worthy  of  a^• 
tention.  The  metals  were  not  tried,  for  want  of  time,  with 
the  exception  of  gold  and  tin. 

The  case  of  carbonate  of  iron  is  very  remarkable,  for  it 
might  d  priori  be  supposed  that  from  the  large  pmporiion  of 
iron  it  ctHUain<«,  it  uouki  show  considcraiile  attraction  for  the 
magnetic  needle  j  but  this  is  su  iar  iruui  being  llie  ca^e,  tliat 
it  will  be  seen  to  be  one  of  the  lowest  in  the  scale,  and  afler 
being  kept  eighteen  hours  in  contactwith  the  N.poleof  a  horse- 
shoe magnet  capable  of  raising  thirty  pounds,  its  affinity  for  the 
magnetic  needle  was  not  increased.   It  might  also  have  been 
expected,  from  its  great  density,  and  the  analogy  of  similar 
cases,  that  in  conse(|uence  of  its  feeble  attraction  for  the  mag- 
net, it  would  exhibit  n  strong  affinity  for  glass.    It  however 
is  otherwise ;  and  by  a  reference  to  all  the  metals  with  which 
it  was  tested,  in  consetjuence  of  these  peculinrities,  it  will  be 
seen  to  be  one  of  the  most  remarkable  and  interesting  sub- 
stances that  have  been  tried,  exiiibiting  a  very  low  state  of 
attraction  for  almost  all  bodies,  gold,  silver,  cadmium,  tin  and 
zinc  being  excepted,  and  for  Oiese  metals  it  exhibits  a  re- 
markable affini^*   The  results  of  many  of  the  exfieriments 
on  various  bodies  will  show  a  kind  of  elective  affinity,  as^is 
observed  in  chemical  combinations ;  and  no  substance  exem- 
plifies this  remark  so  completely  as  carbonate  of  iron.  Thus 
though  it  has  the  strongest  aifmity  for  zinc,  it  does  not  show 
an  attraction  for  brass  above  what  it  exhibits  for  copper, 
which  is  as  low  as  I-l-".    Yet  most  bodies  have  a  surprising 
affinity  for  brass.    Carbonate  of  iron  affords  a  fresh  instance 
that  the  iron  in  a  body  may  be  quite  inert,  in  consequence  of 
its  combination  with  another  substance  neutralizing  its  affini- 
ties. 

The  low  affinity  of  the  magnetic  needle  for  marbles  is  auite 
in  accordance  with  the  experiments  of  Dr.  Seebeck,  and  the 
numbers  he  obtained  for  bismuth,  platinum  and  antimony, 
bear  a  singular  resemblance  to  those  afforded  by  the  present 

experiments.    There  may  be  the  same  accordnnce  between 
the  others,  Imt  there  is  no  means  of  i^iarking  by  the  present 
mode,  tiie  jiice  >h  ules  ot  ditlerence  alter  yo  .    Silver,  which 
he  places  next  lo  iron  in  power,  seems  to  take  the  place  of 
brass,  which  i  find  lo  be  generally  singularly  magnetic. 
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Alwyt  tha  aUugrs  that  beoom  Miitrai  by  oombinatkiiit  ha 

mentions  copper  and  nickel;  now  this  alloj»  which  is  popu- 
larly called  German  silver,  I  believe,  I  found  to  be  so  map;- 
netic  as  to  draw  the  needle  after  it;  but  ihen  the  proportions 
of  the  two  alloys  most  prol)ably  differed  ;  his  specimen  con- 
tained two  parts  of  copper  and  one  of  nickel,  while  mine,  as 
I  have  already  remarked,  seemed  to  have  au  unusual  propor- 
tion of  copper,  to  judge  from  its  colour. 

5ih  Class. 

Nacre  with  M  90°,  f.  firm ;  I  90^  f ;  P.  G.  90^  f.  easy ; 

PI.  90^  f.  not  very  easy ;  T  90°,  f.  firm  and  easy  ;  L  90°,  f. 

firm ;  Z  90°,  f.  most  easy  ;  Cop.  90%  f.  firm ;  B  90°,  £  firm ; 

Ars.  90°,  f.  most  easy  ;  Gl.  90°,  f.  most  easy. 
Ivory  (old)  Willi  M  58^;  T  48^;  Gl.  58°. 
Ivory  (new)  with  M  90°  + ;  T  90"  + ;  B  90%  f.  firm. 
Enamel  (human  tootb)  with  T  90°. 
Bone  (mackerers)  with  M  90°  ;  Cad.  90^. 
Whalebone  with  M  90^;  I  90^;  Ced.  9Cf  +• 
Horn  (boffiilo's)  with  M  9(f ;  I  9(f ;  P.  O.  90°  +  ;  Cad. 

90°  +  ;  B  90°,  f.  very  strong. 
Horn  (cow's)  with  M  85°;  1 90°;  P.  O.90<>  +;  Cad.  90°  +; 

B  90°,  f.  not  very  firm. 
Horn  (chamois')  with  M  90'  ;  B  90°,  f.  not  veiy  firm. 
Albumen  with  Gl.  9U"  f ,  strong. 
Indian  ink  with  M  70°;  Cad.  90^;  L  90''  +. 
Amber  with  M  75^•  Cad.  90^  T  90°. 
Gas  coal  with  M  15  ;  Gl.  0. 

Glue  with  M  29°;  I  90°  +  ;  P.  G.  90°,  difficult;  P.  90°  +  ; 

PI.  90°  +  ;  Cad.  90*^  +  ;  T90''  +j  Z  90P  +;  Gl.  90*  +? 
Pifl^a  brittle  with  T  failed. 

Cat's  whisker  with  M  90<»  x ;  I  90°  x  ;  G  18c.  9<f  X;  Cad. 

90**  X ;  T  90® X ;  L  90**  x ;  Z  90°,  difficult ;  Cop.  9(l^x . 
Human  hair  (brown,  male's)  with  M  90°;  T  90°. 
Human  hair  (female's)  with  M  80°;  T  9(f  +  . 
Human  hair  (female's,  2nd  specimen)  with  M  76°;  T  90°+. 
Human  hair  (gray,  male's)  with  M  90° -f;  T  50°. 
Human  hair  (gray,  female's)  with  M  90° -f;  T  90°. 
Human  hair  (beard,  gray)  with  M  90°  +  ;  Cad.  90°. 
Horsehair  (gray)  with  M  90°;  T  90°. 
Horsehair  (bhick)  with  M  90^;  T  90^ 

In  this  class  of  animal  products  the  magnetism  of  the  needle 
is  tolerably  strong,  while  that  of  the  other  bodies  is  still  more 
remarkable.  The  specimen  of  ivory  (a  paper-cutter),  which 
could  not  be  leas  than  thirty  old  years  since  the  time  of  its  im- 
portation, only  exhibited  58%  bat  was  raised  to  74"*  by  contact 
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with  a  magnet;  while  the  second  specimen,  which  was  com- 
pnratively  recent,  as  was  evident  trom  its  fine  colour,  gave  90** 
with  the  ma<:^neiic  needle ;  and  the  probable  cause  oJ  this  dif- 
ference wili  be  shortly  seen,  when  1  speak  ot  the  results  ob- 
tained with  a  needle  made  out  of  a  part  of  this  very  piece  of 
ivory.  Glue  exhibits  phenomena  of  a  very  interesting  cba^ 
racier*  Its  affinity  for  the  magnet  was  only  89^,  after  the 
most  painful  efforts  were  repeatedly  made  to  push  it  further* 
but  on  being  left  in  contact  with  the  bar*magnet  for  some 
hours,  it  instantly  attached  itself  at  S8°«  Its  affinity  for  the 
iron  was  90*^  +  ,  and  it  exhibited  the  same  amount  of  attraction 
for  pure  gold,  platitinin,  cadmium,  tin,  zinc  and  arsenic, 
which  were  all  the  metals  it  was  tested  with.  But  1  have 
some  dcMibts  about  all  the  high  measurements,  as  I  fear  that 
the  dampness  of  the  w  eaiher  may  have  influenced  the  results, 
though  the  difierenl  specimens  appeared  perfectly  hard. 

7M  Ciats, 

Deal  wood  with  M  S0<»  |  T  SO*';  B  90%  f. 

Boxwood  withT  IS''. 

Rose  wood  with  T  90°. 

Oak  with  I  90^  very  difficult ;  B  90%  f. 

Lignum        with  M  SS'' ;  I  18°;  Cad.  22°  j  T,  90°j  L  90". 

Cedar  wood  with  M  failed  ;  B  90^  +  . 

Vegetable  ivory  with  M  56'';  I  67**;  G  18c.  90°;  Cad.  90°  + ; 

T  90%  very  ditlicult. 
Vegetable  ivory  (2nd  specimen)  with  M  luiled;  I  5(f;  P.  G. 

90%  f.  firm  ;  *L  80°;  Z  90^+  ;  Cop.  90° -f  ;  Gl.  90%  f.  strong. 
Vegetable  ivoi v  (3rd  specimen)  with  M  failed ;  I  70% 
Mahogany  with  B  90%  f.;  OL  24% 

Lac  (pure)  with  M  35°;  P.  G.  90*^;  G  18c.  74**;  Cad.  90*; 

T  90»  +  ;  L  90°;  Cop.  65^  Gl.  90°  f. 
Sealing-wax  (black)  with  M  25°  ;  1  failed;  T  70°. 
India  rubber  with  M  80°;  Cad.  90°  +  . 
liiilia  rubber  (bottle)  with  P.  G.  70  ;  B  90° -f  ;  Gl.  £0%  f. 
Kc.m  with  M  90°;  T  90°X;  Gl.  48% 
Gum  with  Gl.  90^+. 
Macaroni  with  Gl.  40'^. 
Dry  paste  on  paper  with  M  failed ;  Gl.  23°. 


The  peculiarity  connected  with  the  attraction  of  ligmiin 
vitae  ana  vegetable  ivory  for  the  magnet  and  other  substanoea 
is  remarkable.  The  lignum  vitas  was  raised  from  SSP  to  49*° 
by  contact  for  a  short  time  with  a  magnet*  and  the  same  pro- 
cess raised  it  from  1 8°  to  30°  with  iron,  while  with  tin  and 
lead  it  had  exhibited  90%  and  only  22°  are  marked  for  cad* 
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iniuni»  Three  specimens  of  vegetable  ivorv  were  tried  on 
many  occasions  with  great  care,  and  the  results  they  affi}rded 
were  always  uniform,  but  differed  from  one  another.  The 
first  specimen  gave  56°  with  tiie  magnetic  needle,  but  the  two 
others  failed  altojjether.  On  two  or  three  occasions  the  rn^ig- 
nelic  Tieetlle  coniu-etcd  its(:ir  with  one  of  the  specimens  that 
hatl  previously  iailtd,  alter  it  haii  been  kept  in  contact  with  a 
magnet;  but  i  cannot  pobitiveiy  sa^  itiat  tiie  magnet  was  the 
cause,  as  on  repeating  the  same  experionent  on  other  occa- 
sions, no  such  result  took  place;  still  the  needle  did  not  con- 
nect itself  till  after  the  attempt  to  raise  its  maf^netismy  though 
many  trials  had  previously  l^een  made.  The  attraction  of 
iron  tor  all  three  .specimens  is  deserving  of  notice.  Ttiis  sin- 
gular Substance  exhibited  a  strong  affinity  for  all  the  neeilles 
with  wliicli  it  was  tested.  The  affinity  of  lat-  for  various  metals 
and  snbstiinces,  including  glass,  is  woi  iliy  ol  attention.  Sealing- 
wax  and  India  rubber  oi  tlie  buule  Ihiind  exhibit  a  strong 
affinity  for  many  non- ferruginous  bodies. 

I  have  thought  that  it  would  be  useful  to  sum  up  all  the 
preceding  results,  in  such  a  way  as  to  exhibit  their  relative 
affinities ;  and  with  this  view  they  have  been  thrown  into  the 
following  tabular  form,  which  though  it  does  liot  contrast 
cases  altogether  analogous,  because  the  substances  the  needles 
were  tried  with  were  not  always  the  same,  still  some  general 
inferences  may  be  drawn  from  them,  not  devoid  of  interest. 

Results  of  the  Measurements. 


90°  and  •bove. 

Under  90^. 

51 

54 

10 

25 

8 

3 

24 

3 

0 

Gold,  18  carats... 

12 

5 

0 

5 

1 

1 

13 

6 

1 

21 

7 

3 

33 

7 

0 

4.3 

9 

Lesd  

21 

4 

1 

20 

3 

0 

88 

8 

0 

80 

9 

0 

Glati.  

38 

5 

360 

117 

83 

If  the  relative  affinities  thus  elicited  could  be  depended 
upon,  the  substances  would  be  arranged  as  follows^  and  their 
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rdatite  intmitiM  would  be  .Moordiug  to  the  riOo  uaigMil 
loMch:— 

*    — ^^^^^^^^^  ■  ■  — — "-M^M^^^^HP^^^^P—  ■      ■  ■  - 

Brasi   16  00  !  Lead   5144 

Pure  gold           ^00  !  Tio .«   4f9l>9 

Copptr   8  33.^  Iron   3750 

Zinc   7  G66  Gold.  18  carats  :^-400 

Glass   6-428  ,  Platiauiiu.         a  iUU 

Silver   6-666  Palladiam,  9^7 

GadmioiB  WH  |  Mafoet.   liM 

To  judge  b)  ih^  tiicilitv  with  which  the  needles  attached 
thembelves,  brass  is  vnuloubtLdly  worthy  of  the  Idgh  place  it 
maintains  in  the  preceding  list;  but  1  ^^iiuuld  certainly*  say 
from  my  own  convictions,  that  glass  is  much  stronger  tn  ni 
•dkesbna  than  even  pore  gold,  and  perhaps  equal  lo'bfaafc 
The  advantaee  that  iron  mui  o^ar  the  magnetic  needle  ia  eoo- 
•picooitty  and  ia  desert inff  of  atlentioiH  though  the  ratio  of 
the  naagnet  might  very  iain^  be  raised  to  S*00»  for  it  is  in  part 
owing  to  the  experimaatt  with  the  larger  range  of  sobsMots^ 
that  it  stands  so  low. 

The  preceding  experiments  include  a  vast  vukici^  oi  jsub- 
stances  in  the  mineral,  vegetable,  and  animal  kingdom^  that 
exhihtt  such  strong  attractive  affinities  for  one  another,  that 
however  much  they  may  diflfer  in  theirext^mal  appeanmcesband 
in  their  very  natnresb  thev  are  bound  together  by  com  moo 
bonds  that  connect  them  all  into  a  single  iamily ;  for  we  find  the 
metal  attaching  itself  to  crystalline,  animal  and  vegetable  sub- 
stances; and  againy  the  erystd»  whether  we  call  it  by  the  name 
of  diamond,  salt,  or  sugar-candy,  connecting  itself  readil  v  to 
metallic,  animal  and  vegetable  bodies.  In  a  similar  win  ani- 
mal  bodies  attach  themsolvcs  to  those  that  are  iiiineral  and 
vegetable;  and  to  complete  the  eiicfe,  the  vegetable  king- 
dom, by  its  woodsi  its  gumsy  its  lac  and  iti>  resin^  is  connected 
with  ihem  all. 

Out  of  about  600  measurements  the  proportion  of  those 
that  have  exhibited  repuhaon,  or  what  may  be  prsauned  re- 
polsioo*  for  there  is  only  negative  proof  on  the  aubjeot^  ia 
about  1  in  25.  Gould  a  (x>unter  system  of  measurements  be 
established  it  is  possible  this  might  be  reversed,  and  that  the 
same  amount  of  repulsions  would  be  obtained»  .and  this  per- 
haps is  the  fact  in  Dr.  Faraday's  remarkable  experiments, 
owing  to  the  influence  of  the  electro-magnet.  Still  the  facility 
with  which  the  majority  of  these  connexions  was  established, 
can  hardly  lead  to  a  douljt  that  they  are  purely  of  a  normal 
character,  where  the  magnetic  needle  is  not  cc^ncerned,  be- 
cause ihey  can  only  result  from  the  spontaneous  elTects  of 
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aatifre ;  but  in  tlie  cm  wliere  the  magnetic  neadle  bat  bten 
the  coercing  agents  end  tlie  meeeam  indicate  low  intenaitie% 

and  where  the  connexion  was  made  with  much  difflcnltyy  I 
•bonld  draw  a  contrary  inference.  This  view  is  atrongfy 
anpported  by  what  toolc  place  with  ih©  corneliant. 

The  two  extremes  of  the  preceding  scale  give  two  alloyed 
metals  as  tlic  hifrhest  and  the  lowest,  namely,  brass  and  the 
magnet,  in  seeking  for  two  unmixed  bodies  that  should  pro- 
perly represent  the  natural  scale  in  the  mineral  kinL;(lt)in,  that 
is,  one  in  which  the  magnetic  needle  is  not  arbihanly  as- 
sumed as  the  standard  of  reference,  but  one  that  considers  the 
nataral  ciasses  of  rabetanceti  I  would  prefer  taking  j^tinum 
and  diamond,  and  exdode  bnus  and  the  magnet  The  firik 
would  take  tbe  lead  of  all  metals,  naroelv  mttaSUndSf  while 
dMraond  would  be  placed  at  the  httid  of  all  snbttancea  of  tbe 
▼itreous  class,  or  kaloidSf  that  is  to  say,  all  the  precious  stones 
and  all  crystals ;  platinum  as  the  heaviest,  and  diamond  as 
the  hardest  of  all  known  bodies.  The  clnss  of  metalloids  will 
be  as  naturally  closed  by  pota'^siinn,  as  it  will  be  seen  the 
haloids  are  by  gum,  two  of  the  lightest  of  the  mk  tallic  and 
▼itreotis  classes  of  bodies.  The  reason  for  a(io]>Liiig  liiis  clas- 
sification is,  tliuL  1  iiiid  that  iron,  from  which  the  niagnei  is 
Ibrroed,  has  no  remarkable  affinity  for  other  bodies,  nor  Ibr 
itaelt  and  that  tbe  magnet,  constituting  an  exception  to  the 
rwle  of  nature^  is  itself  dependent  for  its  exalted  eflfiwts  upon 
electricity  and  other  extraneous  causes,  and  could  00I7  keep 
its  high  posidoQ  wbile  attraetive  affinity,  by  oor  ignorance  of 
natoral  laws,  was  supposed  to  be  exclusively  its  peculiar  pro* 
perty.  Such  a  division  is  by  no  means  meant  to  undervalue 
the  importance  ot'  tlie  magnet ;  for  though  it  ha«  led  to  tlie 
discovery  of  the  aiiinilies  of  all  the  rest,  there  uin  be  no  doubt 
it  exists  by  an  exceptional  law  j  and  we  might  as  well  place 
iron  at  the  head  of  all  metals,  because  we  are  indebted  to  it 
(or  the  implements  which  have  enabled  us  to  penetrate  to  those 
▼ery  metals.  Tbe  term  magnetism  therefore  will  always  main* 
tain  its  graond  as  tbe  gei^rat  expresskm  of  the  magnetic  at^ 
tractions  which  connect  all  bodies  together,  even  though  they 
bafe  nothing  to  do  with  iron;  in  tbe  same  way  that  the  terra 
deetricity  has  been  extended  to  all  those  phenomena  in  which 
attraction  or  repulsion  result  from  friction,  and  yet  having  not 
the  slightest  resemUsnce  to  the  eketron  or  amber  that  led  to 
their  disco^erv. 

In  the  mineral  kingdom,  metallic  and  crystalline  bodies 
form  the  mass  of  its  constituents,  and  they  generally  stand 
clearly  contrasted  with  one  another;  yet  platinum  as  well  as 
diamond,  and  all  vitreous  substances,  have  a  remarkable  affi- 
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nitv  for  other  boclies  ;  and  if  we  fix  upon  a  metallic  and  vi- 
treous type,  no  two  substances  are  more  entitled  to  be  con- 
sidered as  the  chiefs  of  their  respective  classes ;  and  it  platinum 
had  not  been  known,  gold  would  have  taken  its  place;  when 
those  two  precious  boilies,  gold  and  diamond,  that  have  been 
so  long  conjoined  ib  the  associations  of  mankind,  would  still 
have  maintained  their  rank. 

,  Such  are  the  views  I  am  led  to  entertain  of  univenid  mag- 
Detism»  that  is  of  magnetism,  cohesion,  adhesion*  and  vis- 
cosity. And  what  is  viscosity  but  the  employment  of  a  watery 
vehicle,  which  is  afterwards  to  disappear,  partly  through  the 
effects  of  heat,  but  mainly  through  its  greater  affinity  for  air  and 
other  substances  which  are  said  to  nbsoi  b  it,  if  inwards,  by 
vessels,  through  what  is  called  cniloiMoins,  and  if  outwards, 
exosmoshl  This  fluid  heli)s  to  hold  together  gelatinous,  albu- 
minous and  glutinous  substances,  in  such  a  manner  as  to 
bring  all  their  particles  into  close  connexion  with  tbemselvesy 
as  well  as  with  the  bodies  to  which  thev  are  to  be  attached, 
and  thus  by  expelling  air  from  between  them  all,  brings  every 
portion  into  close  contact,  when,  the  fluid  part  having  disap- 
peared, the  whole  is  converted  by  exsiccation  into  a  concrete 
mass  through  the  power  of  the  affinities  of  which  we  have 
just  had  so  many  examples.  In  the  same  manner  bodies  like 
lac,  resin,  pitch,  &c.,  that  only  require  the  npplication  of  heat 
to  become  liquid,  are  enabled  to  mould  ihemsclvcs  lo  the  in- 
equalities of  the  bodies  upon  winch  they  are  dropped,  and 
thus  making  counter-impressions  connect  themselves  with  a 
force  proportioned  to  their  surfaces,  that  is  to  say,  of  the  col- 
lection or  points  of  which  these  are  composed.  What  too  is 
the  water  that  generally  forms  the  vehicle  in  the  former  cases, 
but  a  crystal  or  salt  called  ice  (oxide  of  hydrogen)  liquefied  by. 
heat,  and  of  such  universal  strength  of  affinity  while  fluid,  as 
to  connect  itself  with  nearly  every  body  it  touches,  whicli  it 
is  then  said  j^opiilai  ly  to  wet,  and  that  too  in  a  degree  nlways 
in  proportion  to  the  (quantity  of  caloric  it  contains  at  the  mo- 
ment, those  substances  being  excepted  between  which  nnd  it 
there  exists  such  a  decided  repugnance,  that  they  exiiibii  u 
repulsion  that  nothing  can  overcome,  but  the  union  of  a  thjrd 
body  that  neutraliases  both,  and  which  we  see  exemplified  in 
mtUerj  gtease^  and  soapl  Is  it  desired  to  strengthen  the  ad- 
hesiveness of  gelatinous  and  albuminous  bodies  ?  we  then  have 
recourse  to  a  fluid  still  more  powerful  than  water,  to  one  that 
has  a  still  stronger  affinity  for  these  substances,  and  we  sub- 
stitute alcohol,  the  result  being  a  compound  of  such  tenacity 
that  it  is  considered  as  a  cemerit ;  aiul  such  is  the  affinity  of 
alcoiiol  for  other  bodies  that  it  is  employetl  to  clear  away,  or 
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to  ipeak  more  pbilosophicaltv*  to  dissolve  the  6iiii  of  partides 
that  coters  objec^glasiea  ana  mirrors  so  mpiilly,  owing  to  the 
affinity  or  magnetism  that  all  bodies  pos!>ess  for  one  another* 
ami  which  the  astronomer  and  the  optician  nnoonsciouslj 

heighten  by  the  very  means  to  which  they  have  recourse,  as 
the  particles  thnt  flmt  in  the  air  again  attach  themselves  with 
increased  focility  hy  ihe  use  of  the  nlcohol.  In  a  sitnihir,  but 
reverse  sense,  waU  i-  will  not  atlacli  itself  to  many  nielals,  hut 
if  they  are  kepi  in  a  horizontal  position,  the  fluid,  in  its  at- 
tempt to  siiniik  away,  will  collect  itself  up  into  litile  drops  as 
if  the  surface  were  greasy,  and  it  is  only  prevented  from  flying 
awny  by  its  density,  which  condeoms  it  to  obev  the  law  of 
gravitation.  This  repugnance  of  water  for  metals  I  consider 
to  be  the  main  cause  why  dew  doest  not  settle  upon  them^^ 
when  neighbouring  bodies  are  completely  covered  by  it 

I  had  arrived  at  the  preceding  oonvictions»  when  a  dis- 
covery I  made  excited  in  me  a  degree  of  surprise  that  will,  I 
doubt  not,  be  felt  by  others.  Hnving  formed  a  needle  of  the 
fresh  specimen  of  ivory  which  I  have  already  mentioned,  I 
was  lempteti  some  days  afterwards,  by  a  movement  almost  of 
idle  curiosity,  as  I  had  just  succeeded  with  one  of  sealing- 
wax  against  glass,  to  test  it  also  with  ilie  same  substance,  when 
I  found  that  bv  a  mere  push  of  the  finger,  it  attached  itself 
firmly  to  it.  In  consequence  of  this  most  unexpected  result* 
the  ivory  needle  was  tried  with  all  the  following  substances, 
and  it  succeeded  in  every  case  at  90^  bj  the  mere  use  of  the 
finger*  except  with  those  preceded  by  an  asterisk,  for  which 
the  roaipet  was  obliged  to  be  employed,  and  therefore  their 
intensities  must  be  considered  a  shade  lower  timn  those  of  the 
other:^  as  well  as  a  few  that  were  lower  still»  but  which  have 
their  measurements  assigned. 

I  Corneliu. 

;  fllBt 

■  Marhl«. 

•  AlabM«er. 

;  VUbc  i^ut. 

,  Crown  glass. 

'  Flatter  oC  P«rit  (stoae) 

'  sr. 

Stone*ware. 

Porcelain  (French). 
Ditto  ((iciitjst's). 
•Felspar. 

*  Sulphate  of  copper. 
♦Carbonate  of  iroD. 
j   Crystalltied  i 
IceUnd  ipi 

'  Talc. 

The  ivory  needle  would  not  connect  iiself  with  gypsum, 
arsenic  and  aniimony,  and  indeed  when  the  coercing  magnet 


Gold. 
Silvtr. 

Palladium. 
Ptatinuitt* 


Tin,  49'. 
Bismuth,  76^. 
Lead,  81°. 


Rock  salt. 

Horn  ("  n\v's\ 
Ditto  (butfalo's}- 
I  *lTOr)-  (old). 
Ditto  (new). 
Albumeo* 
Glue. 
Ni 


Copper. 
BraM. 
BdLmetal. 
German  $ilf8f. 
Sulphur. 

Diamoid. 
Opal. 


Vegetable  ivorj. 
Ditto  (2nd  tpedoieii). 
Indian  ialu 

Lac 

Reain,75*. 
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was  withdrawn  trom  the  latter,  the  needle  seemed  always  to 
set  off  with  more  than  w>\\\\\  liaste,  as  ifstronryly  repelled,  but 
Qo  symptuii)  of  repuibiui)  was  exhibited  when  the  ivory  was 
brought  near  the  magnetic  needle  standing  in  repose. 

Here  was  a  curious  problem  to  be  solved.  What  was  the 
cause  of  this  extraordinary  affinity  of  a  sabstance  like  ivory 
for  so  many  hetero(;eiieous  bodies,  of  which  porcelain  offered 
tlie  most  remarkable  instance,  as  the  specimen  employed, 
which  stood  on  a  surface  of  glass,  drew  the  ivory  as  much  as 
one-fourth  of  an  inch  afler  it  on  one  occasto!!,  and  always 
some  small  distance  when  it  was  merely  pushed  away?  The 
diamond  exhibited  the  same  pha^nomenon,  but  in  a  minor 
degree,  and  caretul  testing  proved  that  electricity  in  no  way 
contributed  to  the  results. 

On  referring  to  the  tabulated  measurements  of  which  I 
have  spoken,  and  in  which  the  measures  of  substances  stand 
in  readv  contrast,  1  observed  that  the  needles  hod  attached 
themselves  with  remarkable  facility  to  animal  bodies,  such  as 
ivory,  pearl,  mother-of-pearl,  horn,  hair,  glue,  It  was 
evident,  therefore,  that  it  was  the  affinity  of  something  common 
to  all  these  substances,  that  caused  auch  easy  oontact  between 
them  and  the  needles.  This  step  gained  it  was  not  difficult 
to  discover  that  the  gelatine  which  was  common  to  all  lliese 
anijiml  protlucts,  was  the  substauce  that  cliitfly  produced  with 
equal  lacilily  a  contact  with  gold,  clianiond,  Iceland  spar, 
niHi  bie,  uiubaster,  horn,  vegetable  ivory,  gum,  and  such  dis- 
similar substances,  in  the  mineral,  vegetable  and  animal  king- 
doms. The  low  attraction  afibrcled  by  the  piece  of  old  ivoiy 
of  which  I  have  spoken,  I  suppose  to  have  resulted  from  partial 
change  in  its  structure  through  age  $  and  the  same  cense  may 
be  assigned  for  the  difference  exhibited  by  the  pearl  and  the 
mother-of-pearl  in  their  measures,  for  from  the  colour  and 
the  style  of  setting  of  the  pearl,  less  than  fifty  years  could  not 
be  assigned  for  its  workmanship. 

I  have  already  alluded  to  the  facility  with  which  all  vitreous 
bodies  form  cuiuitxioii-,,  and  to  include  the  present  class  of 
substances  in  their  piuper  category,  we  must  get  rid  a  little 
of  our  familiar  notions,  and  remember  that  if  gelatine,albumen, 

gluten,  resin,  lac  and  gums  are  devoted  to  particular  uses 
bat  make  us  only  tbink  of  them  as  means  of  adhesion,  they 
are  in  fact,  when  considered  under  a  more  extended  point  of' 
view,  animal  and  vegetable  glasses;  and  what  fully  establishes 
this  character  is  the  extraordinary  fact  which  I  have  already 
mentioned,  that  glue  was  raised  to  38°  by  contact  with  a  bai^ 
mai^ru  t ;  but  in  truth  since  that  portion  of  this  commurticntion 
was  despatched  for  the  press,  the  piece  of  glue  was  raised  to 
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78°  by  being  kept  in  ecmUCt  for  four-and-twenty  hours  with 
tbe  greftt  horse-shoe  magnet  already  spoken  of,  and  the  mag- 
netic needle  attached  itself  with  singular  readiness,  contrary 

to  what  had  been  previously  found  to  be  tbe  case.  The  wliofe 
effect  however  gradually  disappeared,  the  attractive  power 
declining,  as  was  ascertained  by  successive  ineasurejueDts, 
till  it  fell  back  to  its  nornial  >t;ire  of  28%  in  about  twenty 
minutes.  It  was  by  mere  accident,  as  ma^  be  suppu.sed,  that 
k  was  kept  so  long  in  contact,  and  most  likely  so  long  a  time 
IS  not  necessary  to  produce  the  eflect*.  This  result  is  well- 
worthy  of  being  contrasted  with  what  has  been  said  about 
carbonate  of  iron,  and  it  will  be  admitted,  I  am  sure,  that  two 
cases  less  reconcilable  with  analogy  could  scarcely  be  pro> 
(Uiced.  We  thus  see  that  gelatine,  and  in  all  probability  similar 
substances,  conform  to  the  laws  that  have  been  seen  to  prevni! 
in  vitreous  bodies,  and  it  is  only  necessary  to  observe  their 
fractured  edges  wiien  haid,  and  ijnrticularly  those  of  glue, 
dried  albumen  and  resin,  to  be  convinced  of  this  iact.  Even 
India  rubber  when  in  a  iuw  Lenu)eruture  approaches  to  the 
same  state,  and  it  has  been  alreaoy  noted  that  several  needles 
attached  tfaemsehee  firmly  to  it  To  be  convinced  that  this 
view,  which  connects  these  sabetances  with  the  glasses,  is  not 
fiuBcifuI,  it  is  only  necessary  to  call  to  mind  the  case  of  gelati- 
nous hydrate  of  silicium,  which  is  obtained  from  a  mmeral 
glass  that  dissolves  in  water ;  and  it  is  not  amongst  the  least 
remarkable  of  tlie  nnalofjies  that  exist  throughout  nature,  to 
connect  the  Liquor  oj  Jinits  with  broth,  white  of  egg,  gum 
water  and  paste,  and  the  last  of  these  therefore,  by  a  series  of 
links,  witli  tlie  mysterious  powers  of  the  magnet,  that  caused 
St.  Augustin  to  laint,  and  made  Thales  to  believe  that  il  was 
animated  by  a  soul ! 

To  be  ouite  convinced  of  the  strong  affinities  that  ivory, 
mother-of-pearl,  horn,  albumen,  tortoise-shell  and  quill  ex* 
hibit  in  oomnum,  I  formed  needles  of  these  substances^  and 
tested  tbcm  to  an  extent  that  left  no  doubt  that  they  possess 
the  same  qualities  as  ivory;  but  on  the  whole  the  ouill  and 
mother-of-pearl  approached  nearest  to  a  state  of  equality  with 
that  substance,  though  there  was  a  very  slight  difference 
between  them  all.    These  fresh  proofs  leave  therefore  no 

*  it  has  since  however  been  ascertained  that  length  i>l  Oiue  was  essen- 
tially the  eaute  i>r  raiiiiig  ths  msgnalMm  of  tbe  glue,  for  on  keeping  it 
subsequently  in  contact  for  thirteen  boun,  its  mago^ism  could  only  be 
raised  to  49°.  Another  very  important  point  was  likewise  fully  establislicd, 
namely,  that  either  pole  of  a  magnet  might  be  used  without  the  glue 
•bowing  any  signs  of  p  okirity,  for  when  78^  were  obtaified  it  had  been  kept 
in  contact  with  theN.  end  of  the  magnet,  and  when  49'^  was  the  amount  of 
ine.isiircment  the  S.  cud  wns  employed,  while  io  each  case  it  was  th«S.  end 
of  the  needle  that  formed  tlie  connexion. 
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doubt  thai  it  is  owing  mainly  to  the  ffdatine  they  contain,  that 
these  needles  show  such  a  remarlcabTe  degree  of  attraction  for 
nearly  all  bodies. 

I  do  not  mean  to  say  that  all  cohesion  is  purely  magiteikal 
in  the  extended  sense  I  have  given  lo  the  term,  for  such  an 
opinion  is  scarcely  reconcilable  with  what  is  observed  in  che- 
mical combinations,  where  we  see  elements  chani^ing  places 
according  to  whnt  is  called  elective  nflinilv.  In  the  various 
thcDries  that  !i;ive  been  pal  forlli  to  accounl  for  chemical  com- 
bination>  imd  the  cohesion  of  boiiies,  the  atUactions  and  re- 
pulbioufl  oi  diffeieiU  electrical  stiiles  ljuve  been  proposed  by 
the  celebrated  Berzelius ;  but  though  this  micht,  as  a  theory* 
obtain  currency  amongst  scientific  meu,  ancT  enable  them  to 
reason  with  fiicllitv»  as  long  as  acids  and.  their  bases  are  con- 
sideredy  Vet  it  is  clearly  in  fault  the  moment  it  is  applied  to 
explain  the  cohesion  of  simple  bodies,  such  as  the  pure  metals* 
Many  Instances  may  be  observed  in  tlie  preceding  experi- 
ments, that  favour  the  notion  of  the  existence  of  elective 
affinity  between  the  variou"?  bcKlies  that  have  been  exfteri- 
mented  upon,  but  to  which  ///ivy/  r/m//*  electric  agency  can  with 
difficulty  be  conceded;  and  we  must  therefore  have  recourse 
in  such  cases  to  what  are  called  t/ie  lau^s  of  nature  for  tiieir 
explanation.  With  remird  however  to  the  combinations  of 
acids  and  alkalies,  I  beneve  the  varying  preferences  they  ex- 
hibit when  brought  near  one  another  to  result  from  electricity^ 
though  magnetism  is  not  without  its  share  in  efiecting  their 
union;  and  I  hope  shortly  to  be  able  to  present  some  con- 
siderations that  will  render  this  opinion  liighly  probable^  by 
making  known  e  discovery  I  have  made  of  the' antagonism  of 
hent  and  electricity^  as  well  as  the  proofs  of  a  single  electric 
fluid. 

I  cannot  take  leave  of  this  subject  without  expressing  my 
unfeigned  admiration  fur  the  skill  exhibited  by  Dr.  Faraday, 
in  his  experiments  on  the  same  subject,  as  well  as  on  so  many 
other  occasions ;  and  if  we  difler  in  our  viewt>  of  magnetical 
phaenomena,  it  will  be  easily  accounted  for,  by  the  opposite 
results  we  have  obtained^  owing  to  our  methods  of  experi- 
menting, and  the  greater  range  and  variety  of  observations 
that  the  present  one  has  given  birth  to^  over  those  recorded 
by  that  eminent  experimenter. 

I  hope  that  the  state  of  my  health,  which  has  compelled 
me  To  (firtnte  this  communication,  and  which  has  preventeil 
me  from  giving  it  the  benefit  of  after-perusal,  w  ill  be  accepted 
as  a  sufficient  excuse  Ibr  any  oversights  that  may  be  observed* 

Piwii),  15,  Rue  (le  Tourooilt 
Idth  May,  1847. 
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LXXVIII.  Intelligence  and  Misceilaneous  Articles. 

OH  CAROTIN. 

M ZEISS  observes  that  the  peculiar  matter  of  t]iei)Bif cm  <»r0#a 
•  has  not  hitherto  been  kru)wn  In  a  pure  state  ;  for  by  the  pro- 
cess usually  employed  for  its  extraction,  which  consiste  in  trearincr  rhe 
juice  coai^ulatcd  by  icthcr,  its  evaporation,  and  treating:;  the  residue 
with  alcohol  or  with  ammuuia,  the  carotiu  is  obtained  always  coui- 
Inned  with  a  large  quantity  of  lat  oil,  and  the  prodoet  is  mer^  a 
•oft  maw,  ooataimng  crj'stals  of  caiotin.  M.  Zeise  has  tried  several 
proc^ses  to  obtain  it  in  a  pure  state,  and  has  suooeed«d  by  the 

following :  — 

The  expressed  juice  of  the  roots  is  to  be  diluted  with  tour  or  five 
volumes  of  water,  aiid  to  the  mixture  is  to  be  added  bulphuric  acid 
dihited  with  ten  Tolnmes  of  water.  A  very  slight  addition  of  this 
and  occasions  the  precipitation  of  the  whole  of  the  colouring  matter 
of  the  juice.  The  clear  liquor  i^  to  be  poured  off,  and  the  mass  thus 
obtained  is  to  be  washed  with  water;  after  this  it  is  to  be  boiled  for 
an  hour,  or  an  hour  and  a  half,  with  a  strong  solution  of  hydrate  of 
potash  ;  the  potash  »apouitied  the  fat  oil,  and  dissolves  a  residue  of 
albumen  without  acting  upon  the  carotin.  The  carotin  is  to  be  se- 
parated by  filtration  and  washed  with  water. 

Thus  obtained,  the  carotin  stUl  contains  a  saline  body,  which 
must  be  decomposed  to  prevent  its  admixture  with  the  carotin  in  the 
remainiog  operation.  For  this  purpose,  the  mass  diffused  through 
water  and  heated  is  to  be  trjeated  with  excess  of  dilute  sulphuric 
add.  After  having  again  collected  the  carotm  on  a  filter  and  well- 
washed  it,  the  &tty  add  is  to  be  separated  by  alcohol,  at  first  diluted, 
but  eventually  nearly  anhydrous.  By  this  process  very  little  carotin 
is  dissolved.    The  ma^*9  is  then  to  be  dried  hv  the  vvator-bath. 

When  perfectly  free  from  oil, carotiu  is  dilhcuitly  soluble  in  aether; 
but  iu  order  to  complete  its  purification,  iVi.  Zeii»e  has  taken  advan- 
tage of  a  property  of  carotb,  discovered  on  thiii  oocadon,  which  is, 
that  it  is  extremely  soluble  in  solphniet  of  carbcm*  When  the  well- 
dried  mass  is  treated  with  this  liquid,  a  solution  of  a  deep  red  colour 
h  obfniiied,  which  is  to  be  separated  from  a  grayish  substance  which 
remains  undissolved.  After  having  separatr<i  nearly  tliree-fourths 
of  the  solvent  by  distillation,  anhy^ous  alcuhui  is  to  lie  added  to 
the  residue.  When  the  mixture  is  left  in  an  open  capsule,  the 
earatin  soon  separates  in  the  form  of  small,  deep  red-coloured  cry- 
stals. The  mother-water  is  to  be  decanted,  and  the  crystals  are 
tn  he  washed  with  anhydrous  alcohol  on  a  filter,  till  it  comes  away 
nearly  colourless.  The  carotin  is  tlicn  perfectly  pure ;  and  its  aji- 
pearaiice  is  somewhat  similar  to  that  of  coarsely  powdered  cinnabar, 
or  to  that  of  copper,  reduced  from  the  oxide  by  hydrogen.  The  cry- 
stals are  very  small,  and  have  a  strongly  metallic  lustre.  Carotin  has 
a  very  slight  but  somewhat  i^;reeable  odour  ;  it  is  heavier  than  water, 
and  perfectly  insoluble  in  it ;  nearly  insoluble  in  alcohol,  uik!  ^1^=0  in 
pyroxylic  spirit,  when  it  is  well-freed  from  oil;  it  is  very  slightly 
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•olnbla  la  «tiber  tad  in  mottout.  It  foam  at  aboat  dM^P.iato  a 
daqi  I0d-€oloured  and  wctf  tranipamit  liqtnd«  and  on  ooofing  it 

becomes  a  vitreou?  mass.  After  having  been  fused,  it  dissolret 
readily  in  aether  and  in  alcohol ;  but  thf"?e  ^solutions,  when  evaporated, 
yield  merely  amorphous  masses.  At  ai)out  u44~  F.  it  carbonizes, 
yielding  a  small  quantity  of  an  oily  body,  and  very  little  gas.  When 
beatad  in  ffae  air,  tt  boras  with  flnne,  uid  leaves  no  tiaee  of  laeidne. 

Dry  ehkiine  does  not  act  upon  dry  carotin ;  bat  water  saturated 
with  chlorine  converts  it  into  a  perfectly  colourless  chlorinated  body, 
which  is  insoluble  in  wnfer.  Vnit?*  considerably  soluble  in  nlrriliol  and 
wther,  and  very  much  so  ut  ^-ulphuret  of  carbon.  The  solutions, 
when  evaporated,  yield  merely  a  friable  resiooub  mass. 

By  elaaistttsrjr  snsljrsis,  csrottn  tppean  to  be  acompoand  of  oer* 
ben  and  hydrogen  in  At  atomie  relation  :  I0(O  H*).  It  is  thevefom 
a  polyTTicric  of  oil  of  turpentine,  a  circumstance  which  is  of  naqnes* 
tionahk  intereet^ilaa.     Ck.  et  de  Pk^t.,  Msi  1847. 


ev  THE  PUPAEATIOII  OF  lODlOB  OF  UKAD. 

M.  Bondet  ebserves  that  M.  Depaire,  phaimaeien  of  Bnuaeis,  has 

staled  that  when  iodide  of  lead  is  prepwed  by  the  reaction  of  ace- 
tate of  lead  add  iodide  of  jK)ta«c;nni,  the  siipfmntnnt  b'qrinr  contains 
a  considerable  quantity  of  iodine.  1  lo  fomui  that  tlii^-  liquor,  in  which 
acetate  of  lead  produced  no  turbidne?s.  gave  a  yellow  ]irccipitate  of  | 
iodide  of  lead  on  the  addition  of  a  little  nitric  acid,  a  precipitate  of 
tririodMe  of  lead  arith  fiisacetate,  and  free  iodide  with  salphnrieaad 
hydroddorie  aeids;  and  sabmitted  to  evaporation,  leaves  a  white 
residue,  which  on  the  addition  of  water,  regenerates  iodide  of  lead. 

From  these  facts  M.  Depaire  concluded,  that  in  employing  acetate 
of  lead  to  extract  iodine  from  iodine  baths,  loss  of  iodine  was  sus- 
tained; to  avoid  which,  he  proposes,  as  M.  Cottereau,  jun.  had 
previonsly  done,  to  eni|^  tht  tnsacetate  of  lead,  which  precipitatea  ^ 
the  iodine  perfectly. 

M.  Depaire  afterwards  examined  in  what  state  the  iodine  cxmld  be 
retairied  in  thv  solution  from  which  the  iodide  of  lead  wa*  precipi- 
tated ;  and  after  having  aj^certained  that  it  was  not  in  a  state  of 
simple  solution,  be  appeared  disposed  to  think  that  it  exists  in  the 
atate  of  potaiiio-iodide  of  lead. 

M.  Bondet  states  that  experiments,  which  he  perfovmed  fonr  years 
ago,  but  which  he  neglected  to  publish,  confirm  tibe  remarks  of  M, 
Depnire  ;  and  he  19  enabled  to  add  SOmO  obaervations,  whidi,  he 
thinks,  will  not  bp  uninteresting. 

Having  ascertained  that  in  preparing  iodide  of  lead  with  acetate 
and  excess  of  lurid,  the  weight  of  the  product  obtained  was  less 
tiian  iwdiifatcd  by  tiieoiy,  to  the  anonnt  of  about  10  per  cent., 
M.  Bondet  added  some  nitric  acid  to  the  solutions  which  ceased  to 
precipitate  with  acetate,  and  he  obtained  an  additional  yellow  preci- 
pitntf  of  iodide  of  lead.  This  sug^^rsted  the  employment  of  nitrate 
instead  of  acetate  of  lend  in  prcj)aring;  the  iodide  ;  and  oft  trial  it  was 
fuund  to  yield  such  a  product  as  theory  would  indicate,  minus  the 
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iodide  dlMob«d.  Hm  om  of  idtnto  of  laid  mpptm  to  Im  beaa 
liMfiWi  lyy  several  Hwwiiirta;  aod  M.BftudrimonteipresalyrMxmu 
flMnds  it,  on  the  ground  that  the  acetate  yields  some  oxiodide. 

This  first  point  being  estnbll'^Iied,  it  remained  to  explain  the  loss 
of  the  10  per  cent,  occuniag  by  the  use  of  acetate  of  lead  ;  nnd 
presuming  that  the  acetate  of  potash,  formed  with  the  ludide  of  lead, 
took  MKne  part  in  tlM  phimnapea,  the  eetion  of  tide  edt  on  iodide 
el  lead  was  exeaiiied,  and  the  leealts  were  ee  Mbiie  9-^ 

When  iodide  of  lead  is  triturated  with  acetate  of  potash,  the  mix* 
ture  becomes  rapidly  moi«t.  *rrfi(lnHlly  lo^es  its  colour,  and  «oon  be- 
couicsi  perfectly  white,  1  iiis  pa^-^ly  Tnixtnre  does  not  act  iijxm  lirmus 
paper  and  pulverized  acetate  uf  lead.  Wheu  exposed  to  the  air  it 
^eftkUy  liquefies,  ead  pertieliy  crysteHeee  in  dUtj  ncodlee  of  dottble 
iodide  of  potaseiom  and  leed:  oa  oontect  widi  weterit  beeoeaee  in* 
medii^ly  yellow,  reviving  yellow  iodide^  end  the  liquor  beocMnee 
acid;  and  when  filterer!  it  yields  a  pale  yellow  precipitate  with  tris- 
acetatL  lead,  and  regenerates  hright  yellow  iodide,  when  nitric 
acid,  or  dilute  sulphuric  acid  is  added.  By  evaporation  it  leaves  a 
white  ddaqneeoeni  xoeidue.  which  fegenctetee  ydlow  iodide  oa  qqq« 
tact  with  water.  If,  ineteed  of  vrater,  alcohol  be  added  to  the  paety 
adlrtuw  of  aoHate  of  potash  and  iodide  of  lead,  it  partly  diendfee ; 
the  residue,  which  is  almost:  white,  yields  yellow  iodide  on  contact 
with  a  wenk  acid  ;  and  the  supernatant  UqeoT  does  the  same  on  the 
addition  of  uilnc  acid. 

When*  on  the  other  hand,  iodide  of  leed  ia  treated  witli  a  hot  ao* 
hitton  of  acetate  of  lead,  a  colottrless  acid  liqnor  ui  obtained,  which 
yidde  wiute  silky  crystals  of  doable  iodide  of  potassium  and  kadt 
and  a  yellowij^h- white  insofaihle  leeidBe  of  oxiodide  of  kad«-^0M. 
de  Fh.  et  de  Ck.,  Avrii  1847. 

[iVo/*.— A  pnratlel  case  occfir<s  when  acetate  of  l«id  is  decomposed  by 
chloride  ofsodiuiii,  m  will  appear  by  the  folluwu^  remarks  in  the  last  edi- 
tien  of  my  traasletica  of  die  nanoacopoeia,  p.  8Mb  *  I  have  hitely  fband, 
however,  that  the  decomposition  is  not  complete.  A  double  salt  is  forme<l, 
the  nature  of  v\li!ch  I  have  not  yot  exafnineo,  Hut  which  is  to  aconslderahle 
extent  t>olubl«  iii  water,  llydrociiioric  acid  uccasions  the  precmitatjon  of 
sBore  cMoride  of  lead  after  the  ectioa  of  die  dUoride  of  sediiim  wofer.**^ 
ItPj 


OM  TUB  ACTION  OF  BROMINE  UPON  CEBTAIN  fiALXSt 

BY  M.  AUQ!JSTE  CAIIOURS. 

Alkaline  ovulates. — When  bromine  ia  HTHdually  dropped  into  a 
aohition  of  oxalate  of  potash  or  soda,  coutaiomg  a  slight  excess  of 
dfaAl.noaeticneMneeif  tiietampeniliDeheWws  hnfcifithaiaised 
to  104°  or  122*'  F.,  action  inuaediately  con«nenceB,apdheeo«CB  tcry 
vmd;  much  gas  is  di^  n-a^ed,  which  extinguishes  flame,  yielde 
a  white  prerijntatc  with  lime- ^  ;)ter,  nnd  i«  totally  absorbed  by 
a  solution  ol  ])otash ;  thus  pos»es?MML:;  all  tiie  pmjjerties  of  pure  car- 
bonic acid.  The  hquor  contains  the  bromide  of  potassium  or  sodium, 
whhdiniay  he  obtained  In  fine  cmiteh  by  spcntaacons  evaporation. 
The  osalatee  of  haiytee,  lead  and  nlver,  are  eiinilarly  acted  vpon. 
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Th»  Mtkm  ii  vtty  simple.  The  bromine  combines  wiUi  the  metal 
of  the  oxide,  while  the  oxj'g^n  of  the  latter  acts  upon  the  oxalic  acid 
to  form  cai borne  acid;  the  result  being     O^MO+Brls  MBt* 

JnfioB  o/Bram»e  om  AceMtB.^VnM  bnntiaA  is  poured  tnfti  a 
aolutioaof  aoetate  of  potnh  or  o£  eoda,  no  mutioii  takee  plm.  nor 
if  tfaeye  any  increase  ot  temperature ;  the  only  observable  phaenoMHwa 

it  the  solution  of  a  consiJerable  quajitity  of  bromine.  Tlie  liquor  is 
gradually  decolorized  duriiij^  s])ontaneous  evaporation,  owing  to  the 
disengugemcut  oi  bxomiue,  accuuipauied  with  the  odour  uf  the  hypo- 
bromites ;  if  it  be  heated  the  decolorization  is  more  rapid.  TW 
liquid  when  evaporated  to  dryoan  yields  a  laeidae'  wbkh  m  alaost 
entirely  soluble  in  alcolioL  Ilia  akolMUo  Bqm^  ipIuil  eipoMd  III  4 
gentle  heat,  leaves  pure  acetate  of  potash. 

The  modes  of  action  of  bromine  upon  alkaline  oxalates  and 
acct«te^«  are  f»o  di>tiiic't,  that  it  is  evi<i«>nt,  if  eitrie  and  tartaric  acida 
cotitaiiied  oxalic  aiid  acetic  acid,  die  iuruicr  \«uuld  he  entirely  coo*  ' 
verted  into  eartKmic  add,  while  tlie  latter  woaki  iiiein  imiiliiil 
upon,  unless  in  the  naeeent  etate  in  tiM  pweeuee  of  hraaiM^  it 
formed  new  darivative  (products. 

Arti(>u  of  Brominf>  on  Citrate  of  Potash.—  Whe  n  bromine  is  gra- 
dually added  to  a  concentrated  solution  f  f  <  itutt  i  t  rn'-!i,  it  M)on 
disappeturs,  and  the  liquid  becomes  hot«  accompauicd  wiiii  the  bnt»k 
efiefveecence  of  pure  carbonic  acid.  | 

Branine  la  to  be  added  till  elfervcecepoe  ceaaee,  nod  the  liquor 
becoines  of  a  permanent  reddish  tint ;  if  the  exoess  of  bromine  be  then 
rtmoved  hy  tiie  cautious  addition  of  a  dilute  golution  of  potash,  an 
oily,  colon  I  less,  ver}'  heavy  and  fluid  liquid  ]'reripitated«  the  aro* 
malic  uduur  of  which  resemble?  that  of  brouroiumi. 

This  liquid  i»  extremely  complex,  and  coutaius  tlircc  distinct  sub- 
atancea:  the  most  volatile  it  easily  obtained  in  a  pure  slate;  it  ii 
bromoform.  l*he  least  volatile  product  is  solid  and  crystallizable ;  i 
it  is  partly  altered  hy  heat*  and  is  evidently  a  new  substance.  The 
third  compound,  which  arises  during  the  reaction,  is  formed  only  in 
very  small  proportion,  and  it  is  impossible  to  deprive  it  entirely  of 
bromoform  or  the  crystallized  substance. 

In  order  to  separata  theta  tnbstaneea,  the  ron^  oil  ia  imt  to  be 
washed  with  water  to  deprive  it  entirely  of  bromide  of  pntewnom ; 
the  mixture  of  oil  and  watn*  is  then  to  ba  enbmitled  to  careful 
distillation,  stopping"  it  as  «oon  as  hut  few  small  drnj»s  only  of  oil 
pa^s  over  with  the  viiponr  of  water.  This  first  Hquui  is  separated 
from  the  water  by  dtcaiitatiun,  dried  over  fused  chloride  of  calcium, 
and  then  distilled  alone,  as  long  as  its  bmlin^-point  remains  constant. 

Hie  pradoet  thus  purified  is  a  colourlesa  liqoid  of  an  agreeabfo 
aromatic  and  somewhat  intoxicating  odour ;  its  ep.  gr.  ta  2*90  at 
54°  F.;  it  boils  at  305°  F,  When  boiled  with  a  concentrated  solu- 
tion of  potash  it  is  decomposed,  {TiN  inL*^  rise  to  the  fonnatKNl  ©f 
chloride  [bromide]  of  j)ota<*i!nin  and  f 'i  n  late  of  potash. 

it  appeared  to  coubibt  oi,  m  100  pai  ti*, — 
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C*   4  «5 

H«   U40 

Br«   94-75 

10000 

This  product  possesaes  therefore  the  properties  and  composition 
of  bromofoim ;  Uie  dennty  of  its  vapour  was  by  experuaent  8*633 ; 
ealcolation  would  give  8*55,  on  the  supi>o8ition  that  the  iBolaoide  of 

this  compound  yields  4  volumea  of  vapour. 

When  the  ilistillHtion  of  the  rough  oil  with  water  rontiniied,  a 
]>eriod  arrives  at  which  the  v.ipDur.  on  condensing,  deposits  only  a 
few  okaginous  drope;  the  operation  must  then  be  stopped.  The 
oily  matter  wfaidi  lemaiiis  at  the  bottom  of  the  dittlUing  apparatoa 
eoncretes  on  nooling  and  assumes  a  crystalline  aj^fiearanoe. 

To  purify  this  product,  it  is  first  washed  with  water,  and  then 
dissolved  in  boiling  alcohol ;  the  solution  on  cooling  deposits  long, 
briUiant,  white  silky  needles :  if,  on  the  contrary,  excess  of  alcohol 
be  employed,  and  the  solution  be  exposed  to  spontaneous  evapora- 
tion, large  colpurless  tabular  crystals  are  obtained.  The  product 
thus  purged  is  insoluble  in  water,  either  cold  or  hot ;  alcohol,  when 
it  is  concentrated,  dissolves  it  in  considerable  quantity  when  heated ; 
on  cooling  the  greater  portion  is  obtained  in  very  r^^ular  crystals; 
«ther  and  pyroxylic  spirit  ulso  dissolve  it. 

This  substance  fuses  at  about  167  ^  V.  -,  when  subjected  to  distilla^ 
tion  it  is  partly  altered  with  the  disengagement  of  bromine ;  but  s 
considerable  jwrtion  distils,  and  condenses  on  the  cool  parts  of  the 
retort,  in  long  very  brilliant  needles.  A  cold  concentrated  solution 
ot  potash  (li?=olves  it;  when  heated  complete  decomposition  occurs. 
When  the  ojierution  is  f>vpr.  the  retort  is  found  to  contain  bromide 
of  potas&ium  and  oxalate  uf  ]>otash ;  while  the  vapour  of  water 
carries  off  an  oily  aromatic  matter  which  possesses  the  composition 
of  bromoform.   The  reaction  which  occurs  is  readily  explained,^ 

C'«  H*  Br"     +  4K0  =  2(C*  0»,  KO)  +  2KBr« + 0*  H«  Bi». 

Concentrated  sulphuric  acid  gently  heated  dissolves  a  small 
quantity;  but  if  heated  to  ebullition  the  substance  is  altered,  vapour 
of  bromine  and  an  oily  substance  being  disengaged.  Moderately 

strong  nitric  acid,  when  cold,  docs  not  alter  it ;  but  when  heated  a 
smril!  quantity  is  dissolved,  which  is  deposited  oti  coolitio^  in  the 
form  of  fine,  white,  brilliant  needles ;  the  portion  which  does  not 
dissolve  assumes  the  appearance  of  an  ofl,  and  again  concretes  on 
cooling. 

By  analysis  this  substance  appeared  to  consist  of — 

C««   7*67 

H«    0-21 

Br'o   85  :?0 

O*    f;  so 

The  formation  of  this  product  by  means  of  solution  of  citrate  of 
potash  may  be  explained  by  means  of  the  following  equation, — 


e' 
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O  H*oO"  +  5H«  O  +  14Br«  =  6C<  0«  +  C»«  H«  Br»o  O*  +  9Bf« H*. 

On  aocount  of  the  decomposition  of  this  eubstaoee  liy  the  alkalies 

the  author  proposes  to  call  it  bromoxaform.  In  this  operation  there  is 
then  fir!*t  a  caae  of  oxidizement  wliich  resolves  the  molecule  of  citric 
acid  into  more  simple  products ;  then  the  bromine  acting  by  itself 
oa  one  of  the  products  Ibnned,  gives  rise -to  a  phnnonienon  of  snbaii* 
ttttion. 

On  observing  the  preceding  product  so  re^iily  decomposed  on  the 
presence  of  bases  and  of  water,  may  it  not  be  admitted  that  this 
compound  is  first  formed,  and  that  the  bromoform  is  merely  the  re> 
t»uit  ui  u  secondary  uctiuu  ? 

The  citrates  of  soda  and  barvles  act  In  the  same  manner  aa  the 
citrate  of  potash,  bromoform  and  the  crystaUine  matter  hdng  both 
obtained  with  them*<— ^wi.  4e  Ck,  ei  de  Pk,,  Ami  1847« 


▲  CHSmCAX.  IHVBfiTIGATIOIf  OF  SOME  StUCATBS  COHTAIiniia 
GHt01IIH£»  SULPHURIC  AMD  CARBOKIG  ACID.    BT  M.  WHl^T- 
VEY  OF  BOSTON}  UMITED  STATES. 

Long  ago  Arffedson  observed,  in  examining  sodallte,  that  it  dis- 
solved entirely  in  nitric  acid,  although  it  formed  a  gelatine  ^th 

hydrocliloric  acid.  Gustavc  Rose  made  a  similar  observation  upon 
cancrinitc  from  the  llmen  mountains,  which  dissolves  to  a  clear  liquid 
in  concentrated  hydrochloric  acid,  but  suddenly  gelatinizes  on  boil- 
ing. Mr.  Whitney  found  that  a  whole  series  of  silicates,  which,  as 
n^ards  composition,  exhibit  great  simflarity  to  the  above  minerals, 
possess  the  property  of  dissolving  to  a  dear  Uqaid  in  all  dilute  adds. 
All  these  minerals  gelatinize  with  concentrated  ari?!-*,  ^virh  the  e\-- 
ception  of  cancrinite,  which  is  likewise  soluble  in  them.  To  this 
series  belongs,  besides  sodalite  and  the  cancrinite  from  the  llmen 
mountains,  elseoKte  from  Litchfield  (Maine),  noseau  from  the  La- 
chertee,  hanijne  from  the  Albanese  moimtains  and  from  Niederme- 
nig,  and  the  cancrinite  discovered  by  Dr.  Jackson  of  Boston,  along 
with  the  above  cirrolite  at  Litchfield. 

1'he  author  has  examined  all  these  minerals  with  tiie  greatest  care, 
and  the  following  are  the  interesting  results  of  his  investigation  : — 
sodaUte,  noseau  and  hauijne,  may  he  regarded  as  combinations  of 
a  silicate  of  alumina  and  soda,  J[  the  composition  NaO  Si  O^  +3 
(Al>  0^  SiO^),  with  chloride  of  sodium,  sulphate  of  soda,  and  sulphate 
of  lime.  Tliis  silicate  ha.^  hitherto  never  been  met  with  in  the  iso- 
lated state.  It  possesses  the  composition  which  was  formerly 
ascribed  to  elseolite.  The  following  are  the  formulae  of  the  minerals 
under  consideration 

NaO  Si  0»  +  3  Al«  0»  Si  O' + Na  CI,  sodaUte. 

NaO  Si  0'  +  3Al-'     Si     -f  NaO  S0\  noseane. 
J' NaOSiOH-3Ai«03SiO'+2CaOSO'.  hauyne  fn>m  Albaneae 
mountains. 

NaOSiOa  +  3Ai-03SiO'+NaOSO*  1  hauyne  from  Niederrae- 
3(NaO  S0*+3A1'  O'  SiO'+ 2CaO  SO*  /  nag. 
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The  caocrinite  from  the  Ilmen  moantains  and  that  frum  Litchfield 
are  coralnnations  of  trueelwoltte,  2NaO  Si  0a4  2(A1«  0*Si  0«)»  with 

carbonate  of  lime  and  cnH  '  n  kc  of  sodn. 

Na«0         +  C>»+CaO  CO*,  cancrimte  from  Ilmen 

mountains. 

Na«0«SiO»-f2Al8O>SiO*+  { f Ca'o  }  cancriiiite 
hom  iaMbt\A,~Berithi  der  Berliner  Akademe,  Feb.  1847. 
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Scientific  Memoirs,  Part  XVI !.»  commencing  the  5tli  \'olurae, 
containing  Schmidt's  Contributions  to  the  Comparative  Physiology 
of  the  Invertebrate  Animal?,  hein^  a  Physiolop-u-o. Chemical  Invef- 
tigation ;  Frci?ncl  on  the  Colours  produced  in  Homogeneous  Fluids 
by  Polarized  Light ;  Jamin  on  Metallic  Reflexion  ;  Dove's  Researches 
on  the  Electricitj  of  Induction. 

Manual  of  British  Botany,  containing  the  Flowering  Plants  and 
Ferns  arranged  nccurding  to  the  Natural  Orders,  by  Clurles  Cardale 
Bnbington,  M.A.,  F.L.S.  &c.    2nd  edit. 

The  Rlpmont«  of  Botanv,  Structural  and  Physiological,  by  John 
Lindley,  Pii.U,  F.R.S.  &c'.    3rd  edit. 


METEOROLOGICAL  OBSERVATIONS  FOR  APRIL  1847. 
Chiswick. — April  1.  Slight  haso  :«!«•€  and  hail-»huwL>rs  :  frosty.  '2.  OvercaM. 
n.  Cloudy  ard  r  il  !  :  rain.  4.  Overcast  5.  Cloudy  :  fine.  6.  Cloudy  :  rain  at 
night.  7.  Cluiidy :  ratu.  8.  Rain:  cloudy:  cltfar  9.  Clear  and  cold.  10. 
Cloudy:  fine.  M.  Uniformly  or  crcast :  rain.  18.  Rain:  cloudy.  IS-  Densely 
clouded.  14.  Bleak  and  cold  :  slight  hni!  hov  crs.  15.  Snow  and  bail  :  clear, 
cold  and  dry ;  sliarp  frost  at  nighL  16.  6harp  frost :  clear  and  cold.  17.  Frosty 
•tid  foggy:  told aad dry.  ItL  Ctcar.  19.  Clear:  doodyt  ilialitftoat.  90. 
Foggy  :  fine,  with  <iun  :  cloudy.  L'l.  Clear:  overcast.  22.  Cold  haxe  :  frosty. 
9ft.  k'lo*  clear  at  nigbt.  24.  Slight  bare :  fine,  with  sun :  frosty.  F<^;gy  : 
fine.  96.  Rain  ;  overcaal.  97.  Mfsterout^  with  ahoivcrt.  S8.  Fin« :  iliowcrj, 
99.  HcSTy  shower;,  p.irtly  h  iil  :  thutiiler.    $Q,  Clear:  hcaVy  clouds  ar.d  shoWMl, 

Blean  tempt-rature  of  the  momb   ...•....•••....«....  44^'2ti 

Maan  tgtupemtura af  April  1940  «•<>•....  47  'S6 

Mean  tempera!  Li  rL  nf  April  for  the  laM  twtoty  y«an  ...  47  -20 

Avera^  amount  of  rain  in  April     •,•,•..«.••   1*47  inch. 

Bactott.— Apnl  I.  Cloudy :  anow  a.m.  and  p.m.  :  run  yetterday.  9.  Cloudy : 
large  fall  of  snou  a  >f.  :  rain  r.>t,  S.  Cloudy:  snow  a.m.:  rain  r.M.  4 — S. 
Fine.  7*  Cloudy.  6.  iiain ;  rain  early  a.m.  :  stormy,  with  rain  r.M.  9.  Stormy. 
ia  Fine.  11.  Fine:  rain  a.m.  end  f.m.  19,  IS.  Cloudy.  14.  Pfne.  15.  Cloudy  : 
siiow.sbowera.  16.  Fine.  17,18.  Fine:  ice  this  morning.  I'J.  Cloudy.  20- 
223.  Fine.  24.  Fine :  rain  r.M.  95.  Cloudy :  rain  and  hail  r.M  26.  Rain  : 
rain  A.M.  27.  Windy  :  rain  p.m.  98.  Windy.  29.  Fine.  90.  Cloudy:  tbui^er 
and  rain  r.M. 

Stmdwck  ManUt  Orhtef/. —  April  I.  Snowing:  snow.  2.  Snowing:  showers: 
soow-sbowera.  3.  Cloudy.  4.  Bright :  damp.  5.  Sleet- showers  :  showers. 
6.  Kright :  showan*  7.  Bright  :  haiUsbowers :  aurora.  8.  Rain  :  showers. 
9.  Showers  :  clear :  aurora.  10.  Clear.  11.  Clear  rain.  12.  Bright :  cloudy. 
13.  Snow-showers  :  cloudy.  14,  15.  Cloudy.  IG.  Clear  :  cloudy.  17.  Showers: 
clear.  18.  Showers:  cloudy.  19.  Fine:  clear.  20.  ^Hnren:  clear.  91.  Ckmdyt 
clear  frost.  22.  Bright :  cloudy.  23.  Bright:  showers.  21.  Shower* :  dropi. 
26.  Bright :  cloudy.  S6.  Bright :  clear.  :27.  Bright :  rain.  28  Sliowers  : 
drinlib    99.3a  firig^t :  clctr. 
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h  On  the  Perim^atkm  of  Planeis  moving  in  Eeeenhie  and 
Indined  OrinU.   By  Sir  J.  Lubbock,  Bari,^  F.BS.* 

TnUE  accuracy  of  the  tables  which  ^ve  for  an  indefinite 
time  the  places  of  the  older  planets,  is  at  present  sufficient 
for  the  purposes  of  astronomy,  and  is  commensurate  witli  the 
■ccnricy  or  obiervatioii ;  or  if  this  BtAtment  mppem  to  be 
eateggerated,  it  will  at  least  be  admitted  that  tne  sensible 
errors  which  remain  are  owing  rather  to  ii^vertence  in  the 
numerical  computation  than  to  the  imperfection  of  the  method 
itself.  Such  a  result  is  owing  to  the  uninterrupted  labours  of 
the  greatest  mathematicians  from  the  time  of  Newton,  and  is 
justly  regarded  as  one  of  the  greatest  trhimphs  of  huma?i  in- 
telligence. But  it  must  be  recollected  that  these  methods, 
by  which  the  perturbations  of  the  older  planets  have  been 
oi)taIiiL(l,  are  applicable  only  to  the  case  of  orbits  nearly  cir- 
cular, and  iiLtle  iiicliued  to  each  other;  so  that  the  general 
solotion  of  the  problem  of  the  three  biKliesb  as  it  is  ealledi 
remains  to  the  present  day  imperfect  The  methods  In  use 
for  the  older  planets  are  founded,  as  is  well  known,  upon  the 
development  of  the  disturbing  function  in  terms  of  the  mean 
anomalies.  M.  Binet  has  indeed  carried  this  development  to 
quantities  of  the  seventh  order  inclusive ;  but  such  a  develop- 
ment is  quite  insufficient  \n  the  cnse  of  comets  or  plnncts 
moving  in  liighly  eccentric  and  inclined  orbits,  which  problem 
presents  far  greater  difficulty;  while  the  nature  ol  liie  expres- 
sion is  such,  that  it  is  evidently  impracticable  to  carry  iurther 
such  a  mode  of  development,  even  if.  the  expressions  were  suf- 
ficiently convergent  when  the  eccentricity  passes  a  oertabt 
limit. 

The  only  memoir  with  which  I  am  acqumnted  which  pn>« 

*  Communicated  by  the  Author. 
Phil.  Mag.  S.  S.  Vol.  31.  No.  i05.  ^  1847-  B 
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fesses  to  give  a  general  solution  of  the  problem  otherwise  than 

by  mechanical  quadratures,  is  due  to  M.  Hansen.  Tliis  im- 
portant work  is  translated  in  the  Conn,  drs  Temps  for  1847. 
That  great  matliematician  has  considered  ilic  case  wlienr<^>"', 
that  is,  when  the  disturbed  l)ody  is  infetiijt  ;  and  has  illus- 
trated the  qiiesiiuii  by  ihe  numerical  calculaUuii  of  the  per- 
turbations of  the  comet  of  Kueke  by  Saturn.  M.  Hansen 
develops  the  disturbing  function  according  to  multiple  angles 
of  the  eccentric  anomalpr  of  the  disturbed  planet  literally ;  and 
first,  according  to  multiple  angles  of  the  true  anomaly  of  the 
disturbing  planet ;  M,  Hansen  next  converts  the  cosines  and 
rines  of  the  multiple  angles  of  the  true  anomaly  of  ilie  disturb- 
ing planet  into  sines  and  cosines  of  multiple  angles  of  the  mean 
anomaly  of  that  planet;  so  that  finally  the  disturbing  function 
is  cxlii!)itcd  in  terms  of  the  eccentric  anomaly  of  the  disturbed 
planet  and  ilie  lui  au  anomaly  of  the  disturbing  planet;  but 
those  series  which  serve  to  give  the  sines  and  coi>iiies  of  the 
multiples  of  the  true  aooamiy,  in  terms  of  sines  and  cosines 
of  the  mean  anomaly,  are  not  very  convergent ;  and  the  pro- 
cess becomes  estvemelv  laborionsy  even  in  the  case  which  M. 
Hansen  has  considered^  in  which,  in  consequence  of  the  great 
distance  of  Saturn,  the  approximation  does  not  require  to  bo 
carried  nearly  so  far  as  in  the  case  of  the  perturbatioiis  of  the 
sane  comet  by  Jupiter,  and  in  many  others  which  nay  require 
consideration.  Moreover,  in  this  as  in  every  other  mode 
w^^'<^h  can  he  devised  of  developing  the  disturbing  tunctioa 
literalli/,  all  (juaiitities  must  be  retained  of  a  given  order; 
althou^di  when  liiey  are  of  a  different  sign,  in  many  instances 
tht^  destroy  each  other  ;  but  such  reductions  cannot  before- 
been.  The  numerical  ^ubsutuuous  are  also  extremely  labo-* 
rious,  in  consequence  of  ihe  multitude  of  terms  which  luife  to 
be  ccnsidcredt 

As  the  disturbing  {uncticOf  and  others  which  re^piire  lo  be 

hitegrated,  are  finally  exhibited  by  M.  Hansen  in  tems  of 
two  variablei^  such  that  direct  integration  is  impossible,  M. 
Hansen  has  recourse  to  the  integration  par  parties,  in  which 
each  term  by  intei^rr^tto??  ^ives  rise  to  a  series  of  Other  tems, 
the  nature  of  ^vliicli  is  complicated. 

The  method  which  I  propose  diilcrs  from  that  suggested 
by  M.  Hansen  in  every  parilcular.  jiistcad  of  attemjiting  a 
literal  deveiopinenl,  1  m&ei  L  llie  numei  icul  value.^  ol  the  ellip- 
tic constants  in  the  earliest  possible  stage :  by  this  means  tbt 
radical,  which  expresses  the  mutual  distance  of  the  planets,  is 
explicitly  a  fimcCion  of  sines  and  cosines  of  various  angles 
with  numerical  coefficients*  When  r  ^  7^,  I  cK  \  elop  in  tems 
of  the  eccentric  anomaly  of  m,  after  havii^  obtained  exptet* 


Digitized  by  Google 
1 


moving  in  Mcceniric  and  Inclined  Orbits*  8 

ttoosfiir  the  eoniidiiMtMof  «f  in  tenntof  die  mentric  ano* 
maljr  of  Snch  expressions  sjre  very  easy  to  obtetn,  and  are 
veiy  €0OTevgent«  It  wUi  be  recollected  that  before  I  endea* 
voored  to  develop  the  distarbinff  functioD  in  the  ionar  theoiy 
in  terms  of  the  mean  motions  of  the  son  and  moon^  the  inva- 
riable practice  had  been  (see  Micanique  CSlcsiCf  vol.  iii.  p.  189) 
to  express  the  co-ordinntes  of  the  sum  in  terms  of  the  true 
longitude  of  the  moon  ;  but  the  equation  wJiicii  connects  the 
eccentric  anomalies  ul  two  bodies  is  far  simpler  than  that  which 
connects  the  true  anomalies,  or  i/  and  v,  and  theretbre  the 
conversion  which  I  employ  is  made  with  greater  facility.  The 
quantity  under  the  radical  5ign  m  Ii  may  thus  be  cou^iileied 
as  a  function^  of  which  the  general  term  can  be  represented  by 

sin  /.  ,  -  n'  N 

«cosr+'T7' 

a  beiDg  a  mmerioal  qoantlty.  The  <le?ilo|mieiit  of  dils 

X  s 

quantity  to  the  power  ~  ^  or    ^  <Qay  be  facilitated  by  the 

Dse  of  tablei^  which  give  die  numerical  coeffidenCs  in  die 

devdopment  of  {1— ^cosft}'^,  {1— ifcos«}~^y  Sec.  <  Such 
tables  have  been  calculated  for  roe  by  Mr,  Farley*  By  pro* 
ceeding  In  this  way,  no  term  Is  ever  introdneed  wlilch  aflects 
the  final  lesult  beyond  a  given  place  of  decimals.  For  the 
development  of  tlie  radical  admits  of  being  exhibited  in  the 
form 

sooh  that 

BmmJOh    CmfiBSf  DmyC^ 

so  Aat  each  term  is  dedodble  Ifom  the  one  which  precedes 
ity  by  the  multiplication  of  that  term  bj      fi^  ic,  »»fi$ 
&e.  bclii|;  proper  fractions.   If  therefore  the  terms  in  the 
two  qmmtities  which  form  those  prodnclSy  snch,  for  instance^ 

as  mA  and  ^ 

which  form  B,  are  sorted  antl  ai  ranged  in  the  order  of  their 
numerical  magnitude,  as  soon  as  any  one  partial  product  sinks 
below  any  limit  that  may  be  assigned,  all  thesucceedmg  terms 
are  necessarily  of  inforior  magnitude ;  and  the  mproatimation 
stops,  as  it  were,  of  itself,  wiuont  any  eierctse  or  thought  on 
the  rMirt  of  the  computer. 

When  r  >  r',  that  is,  when  the  planet  disturbed  is  superior 
to  the  disturbing  planet,  I  am  not  able  to  surest  any  other 
course  than  to  develop  in  terms  of  the  true  anomaly  of  the  dis- 
turbed planet,  and  the  mean  anomaly  of  the  disturbing  planeti 

B2 
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and  to  inte^ate  par  parties.  I  have  obtained  the  law  of  the 
coefficients  in  the  series  which  results  in  this  proces«!,  and  they 
are  highly  convergent.  I  am  confident  that,  by  the  processes 
which  1  liave  attenipLed  thus  so  briefly  to  describe,  the  per- 
turbations ut  planets  moving  in  orbiis,  however  eccentric  and 
inclined,  may  be  calculated  with  nearly  as  great  facility  as 
they  are  given  by  existing  methods,  in  orbits  nearly  circular 
.and  in  the  same  plane,  and  may  be  exhibited  in  tablesi  giv^iig 
their  Tallies  for  an  Indefinite  period^  if  reonired.  If  thesema* 
thodsi  which  I  have  describra  in  detail  osewhere^  possess  the 
advantages  which  I  ascribe  to  then^  I  hope  the  tune  is  not 
distant  when  the  perturbations  of  Pallas  and  of  some  of  the 
comets  me  J  be  reduced  to  a  tabular  form;  but  as  the  labour 
will  be  very  considerablo^  it  will  be  necessary  to  limit  the  in- 
quiry in  the  commencement  to  the  cases  of  the  greatest  eroer* 
gencv. 

Although  my  methods  are  specially  adapted  to  the  titter- 
mination  of  the  perturbations  of  bodies  moving  in  eccentric 
orbits  wiiich  cannot  be  developed  in  terms  of  the  mean  mo- 
tions, yet  they  embrace  also  tlie  case  of  a  planet  nroving  in  an 
orbit  nearly  circular ;  and  it  is  easy  to  show  in  what  manner 
the  labour  is  Increued  by  the  greater  eccentricity.  If  the 
reciprocal  of  the  radical  which  expresses  the  mutual  distance 
of  the  planets  be  called 

the  chief  dilBcuIty  arises  in  developing  {l  +  P}'~i  If  the 
numerical  values  of  the  elliptic  constants  are  introduced, 

1 +Ps:  1  — ^1  cos  «| — ^  cos  + 

Af^  Stc  are  numerical  coefficients^  which  I  here  suppose 
ranged  in  the  order  of  their  numerical  magnitude.   I  make 

{1  — -fJjCosa,}{l  — -^4^cos«j}  ....  ^1  — ^^cosa|}  =  l+PH-Q, 

including  a  limited  number  of  terms  in  l+P-f  Q* 

(1— ^, costf,)"^,    {I— ^4, COS «,} &c., 

can  be  obtained  at  once  by  means  of  a  table.  But  as  the 
coclhcients  given  by  such  a  table  do  not  readily  furnish,  by 
interpolation,  the  values  required  unless  it  ho.  considerably 
extended,  I  take  for  A^^y  Sec.  the  nearest  value  given  by 
the  table,  and  I  leave  ilie  residue  to  form  part  of  Q.  In  this 
way  it  will  generally  be  found  sufficient  to  include  not  more 
than  SIX  terms  in  1 +P+  Q,  so  as  to  leave  Q  consisting  of 
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terras  of  which  the  coefficients  are  each  below  *1  in  nume  rical 
value,  and  the  quantity  '  can  be  developed  accord- 

ing to  powers  of  Q  in  a  rapidly  converging  series, 

9^  (aF+S^*  S  is  the  angle  included  by  lines  drawn  froan 
the  sun  to  m  and         F=  pi  ^ 

The  terms  contained  in  p-  -  cos  8  obviously  exceed 
greatly  in  magnitude  those  contained  in 

t.  cos  (st  cosy+it  sin/'; 

/'  being  the  true  anomaly  of  m',  and  u  the  eccentric  anomaly  ofw» 
f  s  — e  fK4  K  cos  0— '  ^1  sin 

/-=  —<?£  +  €  cos  y-f  Vi  — t'-Bsinu; 

9,  €  and  D  being  constants,  each  necessarily  less  than 
Unity,  which  depend  only  on  the  inclination  of  the  orhifs  and 
the  position  ri  ihtir  Inie  of  intersection^  and  sucli  that  when 
they  are  in  Liie  i>aine  plane 

a  =  £)  and  )^  =  C. 

The  process  is  precisely  the  same  in  substance,  whether  the 
crhh  of*  7??  i^  highly  eccentric  and  inclined,  or  circular,  and  in 
the  same  plane  with  thai  of  7n' ;  the  oidy  diU'erencc  t)enig  tiiat, 
nhile  in  the  iormer  case  it  may  be  necessary  to  detach  as  many 
as  six  terms  to  form  the  (juantity  l  +  in  order  that  Q 

inuy  not  contain  any  term  of  which  the  numerical  coefHcient 
exceeds  *1  in  magnitude  3  in  the  latter  cu.se,  supposing  e'  the 
ecoentricfty  of  m'  to  be  Inconsiderable,  I  +   +  Q  will  only 

contain  one  iactor,  and  therefore  (I  +  P-h  Q}       &c.  can  be 

calculated  with  greater  facility.  Thus,  for  example,  in  the 
perturbations  of 

Pallas  by  Saturn,  it  is  convenient  that  l+P+Q  should 
contain  three  terms. 

Pattas  by  Jupiter,  it  is  convaiient  that  l+P+Q  sliottld 
contain  fonr  terms. 

Encke's  comet  by  Saturn^  it  is  convenient  tliat 
fbould  contain  five  terms* 

Encke's  comet  by  Jupiter,  it  is  convenient  that  l+P+Q 
should  contain  six  terms. 
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And  tfien  in  ttch  of  these  eaoimpleB  Q  will  oontem  no  term  of 
which  the  coeffident  exceeds  *1  in  namerical  emoimt. 


o  o 

The  calculation  of  (l+P+Q)"'  is  mut  li  lai  ilitalLcl  by  the 
use  of  a  table  which  gives  the  valuer  oi  the  coelhcieiits  of 

and  1  *f  P  Gontaiu  terms  multiplied  by  p-  cos/',  p-  sin/V  ^» 

and      aod  none  others  require  consideration*   If  the  eccen- 
tricity of    is  small,  they  may  be  de?eloped  in  terms  of  {'t  the 
ily  of  m';  and  it  will  be  aofficient  to  consider  the 


mean  anomaly  ot  m' 
terms  depending  on 

cos  ^,  co8  2f',  COS  3^',  sin     sin  2^'^  sinS^'. 

It'  /  is  the  time  reckoned  from  the  time  of  the  perihelion 
passage  of  f%  r<r^ 

and  if  SGOP^M  is  the  mean  anomaly  of  at  the  time  of  the 
perihelion  passage  of  % 

and  if 

n 

cos  ip^coi  i  "l^t*—^*  ^9 

sin  f  i^'ssin  i  -^tt—  ~  c  sin  ; 

and  as  —  is  a  fraction,  cos  i£'  and  sin  i    can  be  developed  in 

a  series  rapidly  converging  and  containing  explicitly  only  the 
variable  quantity  v* 

[To  be  coatinaeii.] 
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Bjf  Professor  Scm(skb£IN*« 

THE  substsDoe  to  which  I  have  given  in  Qertnan  the  name 
of  schiesswoUej  and  in  English  that  of  gnn^GOttony  having 
excited  a  lively  curiosity,  it  nia^  be  interesdnff  to  the  scientific 
world  to  become  acquainted  with  some  deta&s  of  the  way  In 

which  I  was  fir^t  led  to  Its  discovery. 

The  results  of  my  researches  on  ozone  led  me  in  the  course 
of  the  last  two  years  to  turn  my  attention  particularly  to  tfie 
oxides  of  iiilro^ren,  ;uid  principally  to  nitric  acid.  The  nu- 
merous experiments  I  h:ive  nuidc  on  tliis  subject  have  led  me, 
as  I  have  stated  in  tleLaii  in  Poggendurii's  Anaalen^  to  atlopt 
a  peculiar  hvpothesis  on  the  so-called  hydrates  of  nitric  acid, 
SQlpburio  aaa,  &c,  as  well  as  on  the  normal  nitrates,  sulphates^ 
&c 

For  a  long  time  I  had  entertained  doabts  as  to  the  exist- 
ence of  compound  bodies  of  this  natnre^  which  cannot  be 
isolated,  and  which  are  stated  to  be  capable  of  existing  only 
in  combination  with  certain  other  substances ;  for  a  long  time 
also  I  had  come  to  the  notion  that  the  introduction  of  these 
imaginary  combinations  had  only  been  an  apparent  progress 
m  theoretical  chemistry^  and  that  it  had  even  impeded  its 

development. 

It  is  ueil  known  that  what  has  most  contributed  to  the 
admission  of  the  existence  of  these  compounds  lias  been  the 
opinion  generally  received  among  chemists  respecting  ihe 
nature  ot  nitric  acid.  Starting  from  the  existence  of  the  com- 
pound of  nitrogen  NO^,  as  an  undoubted  and  demonstrated 
fac^notwithstanding  the  impossibility  of  isolatfaig  It,  they  always 
cite  nitrio  acid  to  prove  tne  existence  of  compounds  which 
cannot  exist  in  an  isolated  state.  In  my  opinion,  there  is  no 
degree  of  oxidation  which  is  represented  by  NO.,  and  what  * 
these  chemists  designate  by  the  formula  NDj^^-UO  must  be 
considered  as  being  really  NO^+HO,;  1  am  even  inclined 
to  regard  the  normal  nitrates  NO^-f  H,0,  as  compounds  which 
must  be  expre«?sed  by  NOj -f- RO_j.  Amongst  other  motives 
which  induce  me  to  admit  tfds  opinion,  I  will  mention  the  fact 
that  we  can  obtain  hydrated  nitric  acid  or  a  normal  nitrate  b^ 
the  direct  mixture  of  NO4  with  HO^  or  ROj.  Other  consi- 
derations, which  I  have  had  occasion  to  detail  elsewhere,  in- 
duce me  also  to  consider  hydrated  sulphuric  acid  to  have  the 
form  SOg  +  HOg)  and  not  that  of  SOo  +  HO,  and  a  normal 
snlphate  that  of  SOnH-  RO^  It  is  sufficient  here  to  observe 
that  SO,  placed  In  presence  of  HO^  gives  rise  to  what  is 

*  From  the  Arciwx*  des  Scwiices  tkt^siqmt  et  Naiur^l^, 
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called  hvdrated  sulphuric  acid,  and  that  SO9  placed  in  pre- 
sence otBaOg  or  PbO,  gives  rise  to  what  is  called  sulphate 

of  the  oxide  of  barium  or  of  lead.  Rose*s  compound,  to  wliicli 
the  fornuilii  2SO3+NO2  has  been  assigned,  stioukl  have,  in 
my  opinion,  2S03  4-NO,.  Admittinfj  this,  1  considered  it 
probable  that  the  mixture  of  2(S0^4- HOJ  (  =  2(S03+HO)) 
wiih  NO^+HOj  (=NO.,+  HO)  yields  SSOj+NO^,  and 
that  at  the  same  time  3HO|  is  disengaged,  or  enters  into 
a  loose  combination  with  what  is  called  the  bisulpfaate  of 
deutoxide  of  nitrogen.  In  other  words*  I  conjectured  that  a 
mixture  formed  with  the  hydrates  of  nitric  acid  and  sulphuric 
acid  would  possess  a  very  great  power  of  oxidation,  and  would 
form  a  kind  of  aqua  regioy  in  which  the  combination  HO^ 
would  act  the  part  of  the  chlorine.  On  tlils  hypothesis,  and 
abstracting  HOj  from  the  acid  mixture  by  means  of  a  proper 
oxidable  body,  thero  oui^hi  to  remain  Rose's  compound. 

Guided  by  these  suppohitions,  which,  I  admit,  nuiy  be  as 
little  iounded  as  ihcy  are  contrary  to  the  ideas  received  among 
chemists^  I  commenced  in  December  IS^S  a  series  of  expen- 
ments  with  a  view  to  pnt  my  hypothesis  to  the  proof:  it  will 
be  seen  in  the  sequel  whether  the  results  at  whidi  I  arrived 
tend  to  confirm  it, 

I  mixed  some  flowers  of  sulphur  and  a  certain  quantity 
of  the  acid  mixture  of  which  I  have  spoken :  immcNiiately, 
even  at  the  temperature  of  F.,  a  lively  disengagement  of 
sulphurous  acid  gas  took  place  without  the  production  of 
deutoxide  of  nitrogen.  After  the  reaction,  which  was  accom- 
panied by  a  development  of  heat,  there  remained  a  col  oui  less 
liquid,  which,  mixed  with  water,  disengaged  a  cuiisiiiciable 
quantity  of  deutoxide  of  nitrogen,  and  acted  generally  as  a 
solution  of  Rose's  compound  in  hydrated  sulphuric  acid  would 
.  have  done, 

I  should  add  here,  that  a  mixture  of  four  ounces  of  hydrated 
sulphuric  acid  with  a  single  drop  of  nitric  acid,  on  the  addition 
of  flowers  of  sulphur,  disengages  a  sensible  quantity  of  sulphu- 
rous acid.  To  assure  himself  of  the  presence  of  the  latter,  the 
operator  has  only  to  hoUl  over  the  liquid  a  strip  of  jiaper  wliich 
has  been  covered  with  iodide  of  potassium  paste,  nnd  tiiiged 
slightly  blue  by  exposure  to  chlorine.  The  liberated  sulphu- 
rous acid  will  soon  dissipate  this  blue  colour. 

Selenium  and  phosphorus  are  oxidized  in  the  same  manner 
at  low  temperatures  in  the  acid  mbtture  In  question ;  and  this 
latter  is  modified  to  such  an  extent,  that,  on  the  addition  of 
water,  an  abundant  cfisengagement  of  deutoxide  of  nitrogen  gas 
takes  place* 

Iodine  even,  in  the  state  of  powder  and  shaken  up  with  tha 
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add  mixtare»  rapidly  abflofbt  oxygen,  when  exposed  to«,low 
temperature;  and  there  is  fonned,  besides  iodic  acid»  the 
compounds  lo  which  Millon  has  lately  drawn  attention.  A^r 
the  reaction  a  liquid  remains,  which,  diluted  with  water,gives 
ait  abundant  disengagement  of  deutoxide  of  nitrogen  and 
liberates  iodine. 

My  experiments  on  ozone  having  shown  that  this  bod}', 
which  I  consider  to  be  a  distinct  peroxide  of  hydrogen,  forms, 
as  well  as  chlorine,  at  the  ordinary  temperature,  a  peculiar 
compound  with  olefiant  gas,  without  apparently  oxidizing'  in 
the  least  either  the  iivdrugen  or  the  carbon  of  this  ^as,  1  liad 
the  Idea  that  it  would  not  be  impossible  that  certam  organic 
matters,  exposed  to  a  low  tempinrature^  would  likewise  form 
compounds,  either  with  the  peroxide  of  hydrogen  alooe^  which, 
on  m^  hvpothesis^  occurs  in  a  state  of  combination  or  of  mix- 
ture in  the  acid  mixture,  or  with  NO4.  It  was  this  conjecture, 
doubtless  very  singular  in  the  eyes  of  chemists,  which  princi* 
pally  led  me  to  commence  experiments  with  common  sugar. 

1  m^de  a  mixture  of  one  part  (volume)  of  nitric  acid,  of  1*5 
spec,  grav.,  and  t)vo  parts  of  sulphuric  acid  of  1*85,  at  the 
iein[>erature  of  86*^  F. ;  I  then  added  some  finely  powdered 
sugar,  so  as  to  form  a  very  fluid  paste.  I  stirred  the  wnole,  and, 
at  the  end  of  a  few  minutes,  the  saccharine  subsiance  formed 
itself  into  a  tIsgous  mass  enUrely  separated  firom  the  acid 
liquid,  without  any  disengagement  of  f^E.  Thb  pasty  mass 
was  washed  with  boiling  water,  until  this  last  no  longer  exer^ 
cised  any  add  reaction  %  after  which  I  deprived  it,  as  much  as 
possible,*  at  a  low  temperature,  of  the  water  it  still  contained. 
The  substance  now  possessed  the  following  properties :  —  Ex- 
posed to  a  low  temperature,  it  is  compact  ana  brittle ;  at  a 
moderate  tcnipurature,  it  may  be  moulded  like  jalap  resin, 
^^  liitli  gives  it  a  beautiful  silky  lustre.  It  is  semi-fluid  at  the 
tt'iiipcrature  of  lioiling  water;  at  ti  higher  temperature,  it 
gives  oil  red  vapours  ^  heated  still  more,  it  suddenly  defla- 
ffrstes  with  violence,  without  leaving  any  perceptible  residue. 
It  b  almost  insifHd  and  coloorlest^  transparent  Ukethe  resins^ 
almost  insoluble  In  water,  but  easily  soluble  in  the  essential 
oils»  in  cetber  and  concentrated  nitnc  acid,  and  in  most  cases 
it  acts  in  general  like  the  resins  in  a  chemical  and  physical 
point  of  view :  thus  friction  renders  it  very  electro-negative. 
T  will  add,  that  the  acid  mixture,  by  means  of  which  this  resi- 
nous body  w  as  obtained,  has  an  extremely  marked  bitter  taste. 

I  w  ished  to  make  experiments  also  with  other  organic  stib- 
^>lances3  and  I  soon  discovered,  one  after  another,  all  those 
al)()ut  which  there  lia^  been  so  much  said  of  late,  especially  in 
the  Acadeaiy  of  Paris.    Ail  thi:i  pushed  iu  December  Ib'^a, 
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and  the  first  few  months  in  1846.  In  March,  I  sent  sped- 
DMiit  of  fsy  new  compoands  to  Homo  of  my  frieDds,  in  partU 
cular  to  Meran*  Faraday,  Herschel  and  Grove.  It  if  nma- 
aary  to  note  expresBly  that  the  gun-cotton  ibrmed  part  of  these 
proclucls ;  but  I  must  add,  that  hardly  was  it  discovered  when 
I  employed  it  in  experiments  of  shooting*  the  success  of  which 
enconrfif^ed  me  to  continue  them.  Accepting  the  obli^ng 
invitahoii  which  1  received,  I  went  in  the  middle  of  April  to 
Wurtemburg,  and  made  experiments  with  gun-cotton  both  in 
the  arsenal  of  Ludwigsburg,  in  the  presence  ot  artiilery  offi- 
cers, and  in  Stuitgtird,  before  the  king  himself.  In  the  course 
of  May,  June  and  July,  with  the  kind  cooperation  of  the 
Commandant  de  Meclielj  of  M*  Burkhardt,  cantain  of  artil* 
lery,  and  other  officers,  I  salwequently  made  in  toit  city  (Bale) 
numerous  experiments  with  arms  oi  small  calibre,  such  as 
pistols,  carbines,  &c*,  and  afterwards  with  mortars  and  can- 
non,—- experiments  at  which  Baron  de  Kriidener,  the  Enssiaa 
ambassador,  wns  several  times  present.  I  may  be  allowed  to 
mention,  that  I  was  the  person  who  fired  the  first  Qaiinon 
loaded  with  gun-cotton  and  shot,  on  the  28th  ot  July,  if  I 
remember  aright,  after  wo  find  previously  ascertained,  by  ex- 
periments with  mortars,  tliut  the  substance  in  question  was 
capable  of  being  used  with  pieces  ot  large  calibre. 

Abottt  the  same  time,  and  indeed  previonsly,  I  employed 
^m-cotton  to  blast  some  rocks  at  Istein  in  the  Grand  Duchy 
of  Badeny  and  to  blow  up  some  old  walls  at  BAle;  and  in 
both  cases  I  had  opportunities  of  convindng  myself  in  the 
moat  satisfiiolcwy  manner,  of  die  superiority  of  thb  new  explo- 
sive substance  over  common  gunpowder'''. 

Experiments  of  this  kind,  which  took  place  frequently  and 
in  the  presence  of  a  great  number  of  persons,  could  not  long 
remain  unknown;  and  the  public  journals  soon  gave,  widiout 
participation  on  my  part,  descriptions,  more  or  less  accurate, 
oi  the  results  which  I  had  obtained.  This  circumbUiuce,  joined 
tothe  short  notice  which  I  inserted  in  the  May  number  of  Pog- 
ffendorff*s  Amalm,  could  not  iail  to  attract  the  attention  of 
Uerman  chemists :  in  the  middle  of  August  I  received  from 
M«  Boettger,  Professor  at  Frankfort,  the  news  that  he  had 
eucceedeS  in  preparing  gun-cotton  and  other  aubstances.  Our 
two  names  thus  became  associated  in  the  discovery  of  the  sub- 
stance in  question.  To  M.  Bcett^cr  the  p^un-cotton  must  have 
been  particularly  interesting,  as  lie  liad  previously  discovered 
an  organic  acid  which  deflagrates  readily. 

In  the  month  of  August  I  went  to  England,  where,  assisted 

*  In  the  month  of  June  I  made  also  the  first  capsules,  and  employed 
tbem  with  ftMeeM  for  laMfketSp  in  the  prsssnee  of  tiie  abevg  weiatd  eiicBii. 
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by  the  able  engineer,  Mr.  Richard  Taylor  of  Falmouth,  I 
made  numerous  experiments  in  the  mines  oi'  Cornwall,  which 
ware  entirely  successfiilf  in  the  opinioo  of  ell  competent  wit* 
nesies.  Experiments  on  the  action  of  gon-cotton  were  alto 
made  in  ieveral  parts  of  England^  under  my  direction^  both 
with  small  fire-arms  and  with  pieces  of  ertiileiyy  and  the  re- 
solts  obtained  were  very  satisfactory. 

Until  that  time  there  had  been  little  or  nothing  said  of 
gun-cotton  in  France  :  and  it  will  appear  that  the  short  notices 
which  Mr.  Grove  gave  at  Southampton  at  the  meeting  of  the 
Britisli  Association,  and  the  experiments  with  which  he  ac- 
companied them,  served  first  to  aiu  act  the  attention  of  French 
chemists  to  this  substance.  At  Paris,  the  thing  was  at  first 
conmdefed  hardly  credible^  and  jokes  even  were  passed  upon 
it;  bat  when  there  oould  no  longer  remain  anv  doobt  as  to 
the  reality  of  the  discovery,  and  when  severm  chemists  in 
Germany  and  other  countries  had  published  the  processes 
which  they  employed  to  prepare  the  gun-cotton,  then  a  lively 
interest  was  manifested  in  a  subject  vmich  had  just  before  ex* 
cited  derision,  and  it  was  soon  pretended  that  the  new  explo- 
sive substance  was  an  old  French  discovery.  It  was  declared 
to  be  nothing  more  than  the  xyloi'dine  first  discovered  by  M. 
Braconnot,  and  aftei  wards  investigated  anew  by  M.  Feiouze, 
and  tlie  only  merit  leit  me  was  to  iiave  conceived  liie  happy 
idea  of  putting  this  substance  into  a  gun-barrel.  The  know- 
ledge of  the  composition  of  xyloSdme  ought  to  have  sufficed 
to  convince  those  who  put  forward  that  opinion^  that  it  is  not 
suited  for  fire-arms,  on  account  of  its  contahiing  too  mudi 
carbon  and  too  little  oxygen  for  the  chief  part  to  be  oonverted 
into  gaseous  matters  durmg  the  combustion.  It  was  moreover 
very  easy  to  discover  the  essential  difTerences  which  exist  be- 
tween the  xyloidinc  of  Braconnot  and  gun>cotton*  Never- 
theless the  error  was  kcjit  up  for  some  months. 

Matters  stood  thus,  wlicn,  on  the  -l-th  of  last  November,  a 
ScoLcli  chemist,  Mr.  Walter  Cnim  of  Glasgow,  published  a 
memoir,  in  which  he  showed  that  gun-cotton  is  not  the  same 
product  as  xjrlo¥dine^  but  that  it  presents  an  essentially  differ- 
ent composition ;  and  towards  the  end  of  the  same  month,  the 
French  Academy  received  a  communication  of  the  same  na^ 
ture.  The  gtm-cotton  was  then  no  longer  xyloi'dine^  it  was 
called  pyroxyloidine^  and  the  first  was  admitted  to  be  unsuit* 
able  for  fire-arms. 

If,  therefore,  it  is  proved  that  from  t!ie  coninicn cement  of 
184G  I  prepared  gun-cotton,  and  applied  it  to  the  discharge 
of  fire-arnis,  and  that  M.  Bcettger  did  the  same  in  the  month 
of  August, — if  it  be  admitted  that  xyloidme  caimut  serve  the 
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8Ame  purposes  as  this  cotton,  and  if  it  be  notorionslv  known 
that  what  is  now  called  pyroxyloi'dine  was  not  brou<^nt  before 
the  French  Academy  and  the  scientific  world  until  towards 
the  middle  ot  last  November,  the  idea  of  aitributinGf  to  France 
the  discovery  of  gun-cotton  cannot  be  seriously  entertained, 
or  of  assigning  to  me  merely  a  practical  appiicatioa  of  that 
which  another  would  have  discovered. 

I  appeal  to  the  justice  oi  1 1  cnciiuieii,  to  decide  the  point  to  \ 
whom  belongs  the  hcmonr  of  not  only  beins  the  first  to  apply 
the  new  substance  In  question,  bat  aleo  of  having  first  jpr^ 
pared  it— to  MM.  Braconnot  and  Pelonzeb  or  myself.  I 
must,  moreover,  add  expressly,  that  it  was  not  zylcSdine  even 
whieb  led  to  my  discovery,  however  intimate  nay  be  its  rela- 
tkm  with  gan-cotton  ;  it  was  theoretical  ideas,  po^ibly  very 
erroneous  one«?,  but  which  are  peculiarly  my  own,  as  well  as 
some  facts  which  I  was  also  the  first  to  discover.  Suum  cuique 
is  a  principle  of  morality  on  which  society  at  large  rests; 
wliy  should  it  not  be  strictly  respected  in  the  republic  of  sci-  i 
ence?  M.  Pelouze  is  a  thsiinguisbed  chemist,  and  already 
possesses  a  sufficiently  high  reputation  not  to  reauire  to  ele- 
vate hia  pretensions  on  the  merits  of  others ;  ana  I  am  fbllv 
^  persuaded  that  this  estimable  chemist,  of  well-known  troth 
of  character,  will,  appreciating  with  impartially  the  drcttm- 
stances  which  have  occurred,  freely  render  me  the  justice  lo 
which  I  consider  myself  entitled. 
Bile,  Dee.  j»,184«. 


III.  On  the  Inverse  Calaihts  o  f  Definite  Integrals, 
Bjf  the  iiev.  Bbic£  Brokvvin*. 

"T^HIS  paper  contains  several  very  simple  and  easy  methoda 

in  the  inverse  calculus  of  definite  integrals;  and  they 
show  iliat  the  function  under  the  sign  of  integration  may  have 
more  than  one  form.  The  exponents  n  and  p  are  aiwaya 
positive,  and  ji-{-p  —  i  an  integer. 

First,  let  ^(xjss^AmO^^"',  an  ascending  series.  Then 

•  fi««wiiMiM«at«Mi  kw  the  Anther* 
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Tbenabo 


and 


or 


•  •  • 


(t.) 


Opente-widt        on  both  membera^  and  we  hm 
r(»)rtpPBA.«-  »r(»)r(;;)f  (a)  =  {£jr^'dx^{a-x) 

by  making  a— Therefore 

A 

Next)  let      =  S  — j^,  a  dtiicendiiig  series.    1  hen 
sappoae*  TherefiMre 

^  r(i»)  -n«+*J » 

and 
or 
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Operate  with        on  both  members;  then 

( -  ly  r(7j)i»s  ^  =  {^[f^    ^^(« ; 

or 

•/o 

We  may  put  f  (a)  under  a  different  form  by  making 

The  forms  of  f  (a)  obtained  in  (1.)  and  (2.)  difier 

from  those  given  by  Mr,  Boole  In  the  Cambridge  Mathema- 
tical Jonmu,  Na  S0|  but  bv  varying  the  process  a  littl^  we 
mbhtobtahi  his  results.  We  may  observe  that  the  least 
vameof  siin(l.)mnstbe  greaterthaii(— 1)»  and  in  (S.)  greater 
than  n+p  or  i. 

In  f  (0)9  which  is  Taylor's  theorem  (D  standing  Ibr 

change  <p(x)  into  f  (f')»  and  then  « into  log  ^;  we  have 

f^MHs^m  

Therefor^  also^ 
and 


a»^«f(^)»ilr(«). 


0 

r(//)r(D-f  i) 

Consequently 
and 


A 


0 

or 

r(D+i) 


operating  with        on  both  member^  we  find 
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the  same  reauk  as  in  (K). 

In  change  ^  into  f  Q^,  and  then  r  into^;  we 
have 

fC*)=^M*-*;5  (M 

and  theretbre 
and 

Hence 
and 

or 

nn)T{p)  a^'^fie- 0)  =^    xP-^d^^a  + 

Andy  as  before^ 

(-  ly  r(ii)r(p)a-»f(.-)= i  vr(ii)r(p)^{ii) 

the  same  result  as  in  (2.). 

We  might  by  til  is  niethod  derive  the  forms  of  ^  («)  given 
by  Mr.  Boole;  hut  my  object  is  uitidy  to  show  one  use  out 
of  many  which  mny  be  made  of  the  formulaj  [a.)  and  {b.) 

If  dr=l,  and  E=l -f  A;  l'>;  =r +  E*x'' =a:'^.  Giving 
to  aii  iniinity  of  difi'erent  values,  iuuliipiyiug  llic  retiuits  by 
any  constants^  and  taking  the  sum,  we  have 

x-f{x]^^(E.y   .  W 

It  is  plain  tliat  we  mnv  j^ivn  to  ^,  not  only  integer  vnhies, 
but  iractionai  ones  nl^^o,  and  any  v;dues  wliutever,  and  lU'^a* 
live  as  well  as  positive  ones;  tor  the  ojKiaUon  E"^  pertornied 
on  or  on  af,  merely  chanijes  them  tutu  /  and  .r*"*"*  re- 
spectively,   i  iie  functiuu  f{u.')  is  therefore  very  genera]. 
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ChADge  a  into  a—jr,  and  we  have 

(a-«rf(a-jp)«f(E)(a-#)r, 

Therefora 

suppose.   Change  a  iato  a—o?}  and  we  have 
r(n)p(E)(a-x)'+«^;I^±iL 

and 

r(«)flE)j;g^±i^j^*»-V*(a-*)'+«=/V-'rfx<<a-»): 
or 

and 

r(ii)r{p)^(E)fl'=r(«)r(;;)fl''^(a) = j^",'- w^^^ 

Change  jff  (x)  Into  f  (jr),  and  traiulbrm  the  second  member; 
then 

as  before. 
Resttuung  the  eqaation 

r{«)f(E)(a-*r-  rJ+J+^ 

we  have 

Multiply  by  a*-Paaa%  and  operate  with        ;  there  results 
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If  tbereforo  wa  change  «f  ^(x)  into  ^[x\  we  now  have 


If  we  pot  D  ibr  then 


and*  as  in  (c*\  we  ha?e 

•^f(x)«f(D)i^,  •-'»f(jr)«^(-D)t-'»  .  .  (rf.) 
Or,  if  we  put  ^  for  the  operation  which  converts  into  4r*f*', 
and  ^  Ibr  that  which  changes  t-**  into  jr^t"''%  then 

*~^(x)=^>(p)e-,         ^(x)=f>(d)f— ;      •  . 

aiul  A  m«iy  be  positive  or  negative,  integer  or  i'raclional,  or 
any  quantity  whatever.    I  believe  these  formalss  are  new, 
and  they  admit  of  many  uses* 
Ciianging  x  into  a+^s  ^a  have 

and 

•  1 

=sr(ii)f(fi)  j^«"''*=^(a)  suppose. 
Changing  a  into  ii<f  4^,  thb  gives 

and 


(-i)*r(ii)ro»)f(l).-~=(-i)'r(ii)r(i.).-«f(«) 

Change  the  function  t*'''^ (x)  into  f  (j-),  and  we  have 

as  heretofore.  ° 
PkikMag,  S.S«VoK8].No.205.  Jttl^  1847.  < 
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Hie  equation 

found  in  this  investigation^  gives 

r(»)f(«)i.-<J)=<'(^). 

and 

r(ii)f  (<)      W&<1  -•)r->.-<t)  =^  V»4to 

Diflbientiala  tbit  far  m,  thm 

Make  -  — las«,  and 


0 

will  be  transformed  into 

i«0 


/»«>  tf-p 
and  the  preceding  will  become 

-iX«)r(p)f(»)2S.-«=|^'r-i-iMi— j'-'+g). 

Mnltip]}'  by  af^  and  operate  with  ,  there  results 

(-iyr(i.)r(p)f(i)r-««(-i)*r(»)rw.-«.f(«) 

After  changing  tlie  funciion  f ,  as  before,  we  now  have 

(i)-Vl/V.^.-,.-.*(|),J  •  • 

The  formulas  (S.)  and  iA  )  are  the  same  a»  those  given  hy 
Mr.  Boole  ill  the  paper  d^Kmpb  refiurted  tob   FiOM  tlM  lail 
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method  of  ioYMtigatiiniy  it  appears  tlmt  tha  foDctions  p  and  tfr 
may  be  any  whsXttfWf  ooiumnt  with  the  required  relation 
bel^reen  them.    But  if  we  are  oblig^  to  integrate  by  series, 
they  will  in  general  be  subject  to  the  restrictions  mentioned  in. 
(l«)  and        X  say*  in  general,  Ibr  iuiinita  quantities  may 

da)  ' 

To  give  an  example  in  each  of  the  theorems  i  in  (I.)  let 


Weliiid 


and  #  «  1 

then  4f(a)mVit 
as  it  should  be. 
In  (i*)  l«t 

Wefind 

{^^(^)}W)=aUoga-logo),  = 
and  then  »,  .  1 

In  the  last  example  n  and  p  are  not  eonformed  to  the  re- 
strictions, but  the  infinite  quantity  goes  out  by  differentiation. 
The  theorems  (3.)  and  M  .)  are  likewise  satisfied  by  these  ex- 
amples. It  must  not  be  sujijio^Lcl  that  the  vahies  of  ^  (a), 
given  in  (1.)  anil  (3.),  ur  in  i  _ .  i  ami  are  necessarily  equal ; 
lor  they  will  not  reduce  the  one  to  liie  other.  Yet  we  may 
hate 

in  both  casis ;  aince  Mm  kmnr  from  examples  dwt  tha  tete« 
grala  «if  diftrant  fimetiona  may  be  of  tha  aama  fotmt 

Chmthwaite  TTnll,  near  Dafflstay, 
May  §4,  i947. 
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IV.  On  certain  Phanomena  of  Voltaic  T^vitioti  and  the  De» 
composition  of  Water  into  its  constituent  Gases  Heat* 
By  W.  R.  Grove,  Esq.,  M,A,,  FM,S.* 

IN  the  Philosophical  Magazine  for  August  1841,  1  reconi- 
mended  for  eudionietrical  purposes,  the  use  of  a  platinum 
wirt^  if^niiteci  by  a  voltaic  battery.    In  fig.  1  is  re-    Fig.  !• 
presented  a  form  of  apparatus  tor  this  purpose:  it  . 
consibU  of  a  tube  of  Bohemian  glass,  with  a  loop  of 
platinum  wire  g'^th  of  an  inch  diameter  sealed  into 
its  upper  end;  the  size  of  the  glass  tube  may  be 
adapted  to  the  quantity  of  gas  sought  to  be  analysed, 
and  may  when  necessary  be  reduced  to  extremely 
small  dimensions,  one-eighth  of  an  inch  beiqg  ample ; 
into  this  the  gas  may  readily  be  made  to  ascend,  by 
the  insertion  of  a  wire  of  copper,  platinum,  or  ^lass, 
as  may  be  suitable  to  the  gas :  two  cells  of  the  nitric- 
acid  battery  are  sufficient  fully  to  ignite  the  wire, 
and  the  same  battery  supplies,  by  electrolysis,  pure 
oxvpen  and  hydrogen  for  the  analysis.    Since  the  — ^=^— 
peiioti  when  I  first  proposed  this,  I  liave  seldom  used  any 
other  apparatus  lur  such  gaseous  analyses  as  are  pcrJunned 
by  combining  the  gas  to  be  examined  with  oxy  gen  or  hydrogen. 
This  eudiometer  possesses  the  advantage  of  enabling  the  ope- 
rator either  to  detonate  or  slowly  to  combine  the  gases,  by 
using  difierent  powers  of  battery*  by  interposing  resisting 
wires,  or  by  manipulation  alone, — a  practisea  hand  being  able 
by  changing  the  intervals  of  contact  to  combine  or  detonate 
the  gas  at  will.    My  general  practice  has  been  to  produce  a 
gentle  hent  in  the  wire  until  the  <^ases  contract,  nnd  then  gra- 
duaUy  to  increase  the  heat  until  a  full  ifjiiition  takes  place,  by 
which  means  all  the  objects  of  the  eudiometer  of  Volta  are 
fulfilled,  without  deloiiaLiua,  without  dependence  on  the  fickle 
electric  spark,  and  without  thick  tubes,  any  danger  of  explo- 
sion, or  of  the  gases  being  projected  from  the  eudiometer. 

I  have  commenced  witn  a  description  of  this  eudiometery 
as  it  has  been  indirectly  the  means  of  my  undertaidng  die 
experiments  detailed  in  this  lecture;  ancf  as  its  very  great 
convenience  has  never  been  generally  understood,  I  thmkthat 
in  strongly  recommending  it,  I  shall  be  of  service  to  chemists. 

In  a  paper  honoured  by  insertion  in  the  Philosophical 
Transactions  for  1845,  p.  358,  1  hnvc  shown  another  method 
of  eudiometry  also  performed  by  voltiiic  irrnition;  in  tliat  ex- 
periment the  vapour  ot  c;nti})hor  was  decomposed  into  car- 
bonic oxide  and  carburetted  liytlrogen;  it  was  an  a|>plication 

*  From  the  Piiiiusophical  Tran&actiuas  tur  i6i7y  p^  t  i. ;  having  been 
recelfed  hf  the  Royal  Soeiety  Scptcnber  9,  aad  read  Nonnibsr  11^  1846* 
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of  voltaic  ignition  to  effects  ftnalqgoui  to  those  produced  bv 

Priestley  nru!  others   by  passing  compound  gases  Uiroogh 

Ignited  tubes  of  porcelain. 

But  the  voltaic  process  has  this  immense  advantage,  that 
the  heat  can  be  rendered  incomparai)ly  more  intense;  that 
the  quantity  of  vapour  or  gas  to  be  opeiatcd  oa  may  be  inde- 
finitely small  i  diat  there  are  no  joints,  stop-cocks  or  ligatures; 
and  that  there  is  no  chance  of  endosmose,  which  takes  place 
through  all  noroelain  vessels.  I  therefore  determined  to 
eiuMDtne  by  inese  means  several  gases»  both  with  a  view  of 
vert^in^  under  different  circumstances,  known  resultSi  and 
seekmgTor  new  effects  by  this  new  and  advantageous  appli- 
cation. I  used  an  eudiometer  (fig.  1)  of  8  inches  long  and 
0'^  inch  internal  diameter,  expo^in^  the  gases  to  intense  Iieat, 
and  subsequently  analysed  the  resuiues  iu  one  of  the  same 
length,  but  0*2  inch  diameter. 

I  will  first  consider  the  physical  effects  of  different  gases  on 
the  ignition  of  the  wire  itself. 

In  a  paper  on  the  Application  of  Voltaic  Ignition  to  lighting 
Mines*,  I  have  mentioned  the  striking  efiects  of  hydrogen  in 
reducing  the  intensity  of  ignition  of  a  platinum  wiret  so  mudiso 
that  a  wire  voltaically  ignited  to  incandescence  in  atmospheric 
air,  is  apparently  extinguished  by  inverting  over  it  a  jar  of 
hydrogen  ;  with  other  gases  the  effects  are  not  so  striJdng)  and 
with  them  these  differences  are  best  shown  by  including  a  volta- 
meter in  the  circuit.  Davy  found  that  the  conducting  power  of 
a  wire  diminislicil  in  proportion  to  the  detrree  \o  wliicfi  it  was 
heated  :  assunilDir  the  accuracy  of  this  position,  the  amountof 
gas  in  the  vokauietei  would  be  inverse  to  the  intensity  of  ig- 
nition in  the  wire.  The  following  is  the  result  I  obiainccl  \viih 
different  ^ases,  employing  the  same  battery  (the  nitric-acid 
combinauon  at  its  most  constant  period),  the  same  wire^  and 
the  same  vessel 

Cubic  inches  offM  flvolvsdin 
•unrounding  the  wire.        the  voltameter,  per  miattte. 

Hydrogen  7*7 

defiant  gas  7*0 

Carbonic  oxide  6*6 

Carbonic  acid  6*6 

Oxygen  6*5 

Compressed  air,  8  atmospheres  6*5 

Nitrogen  .   .   •  6*4 

Atmospheric  air  6^ 

Rarefied  air  •  6*3 

Chlorine  6*1 

•  Fhii.       Dec.  IM, 
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To  Mcertain  the  relation  between  the  amooni  of  radiant 

Iieat  generated  by  the  same  battery  i\m\  wire  in  ^i^nses  which 
presented  striking  dilierences  as  to  the  luminous  eliects  of  the 
platinum  wire,  an  apparatus  was  preparetl  in  which  the  bulb 
of  a  thermometer  was  retained  at  a  certain  distance  from  tlie 
coil  of  wire  ignited  by  a  battery  of  foui"  cells,  and  exposed, 
fir&4,  to  an  atmosphere  of  hydrogen,  and  then  to  one  of  atmo- 
tpherie  air,  at  the  tame  temperature  and  pretrara  i  Ilia  tlicr» 
momater  rose  7^°  in  five  minotat  in  the  hjfdrogen,  and  15* 
in  the  air  in  the  tame  time.  Both  the  heatmg  and  Inminoai 
effects  appear  therefore  to  be  greater  in  atmoppheric  air  than 
in  hydrogen.  I  cannot  satisfactorily  aoeoont  for  the  differ* 
ences  shown  in  the  above  table ;  there  appears  a  general  ten* 
dency  to  greater  ignition  in  the  electro-negative  than  in  ihe 
combustible  gases,  but  the  facts  are  far  too  few  to  found  a 
generalizaiiuu.  I  was  at  first  inclined  to  recrard  the  difference 
of  effect  in  hydrogen  as  analogous  to  the  peciiliarity  mentioned 
by  Leslie*  respecting  its  convection  of  sound,  but  the  pa- 
rallel does  not  hold ;  sound  is  transmitted  imperfectly  through 
rarefied  air,  and  also  through  hydrogen;  on  the  oontrary,  the 
heat  of  the  ignited  wire  is  most  intense  in  the  former,  and 
least  so  in  the  latter  i  the  hent  is  abo  very  much  reduced  in 
Intensity  in  the  compounds  of  hydrogen,  ammonia  and  olefiant 
gas,  or  even  by  a  small  admixture  of  hydrogen  with  another 
gas,  such  as  nitrogen ;  hydrogen,  therefore,  appears  lo  have 
a  peculiar  and  sperific  action  in  tins  respect. 

1  now  pn«;s  to  the  c  onsideration  of  the  eif^ts  of  the  ignited 
wire  on  diiiercai  gases.  The  ignition  was  in  every  case;  raised 
to  the  fullest  extent,  and  the  gases  after  exposure  to  it  were 
carefully  cooled  down  to  their  original  temperature. 

When  the  experiments  were  Fig.  2. 

made  over  water,  the  whole 
eudiometer  was  immersed  in  a 
vessel  of  distilled  water,  occa- 
sionally having  an  inch  depth  of 
oil  on  the  sunace  (see  fig.  2t) » 
when  over  mercury,  and  a  long- 
continued  exposure  was  required, 
a  bent  tube  was  employed,  ns  at 
fig.  ii,  tlie  closed  end  being  nu- 
mersed  in  water  or  oil,  to  prevent 
tlve  fusion  of  the  glass  which 
would  otherwise  have  ensued. 

*  Transactions  of  the  Cambridge  Philosophical  Society,  vol.  i.  p.  26/' 
t  In  this  and  in  6gs.  3  and  5,  tlic  lines  leading  from  tlie  ^jiutiaum  loop 
to  the  mercury  cups  reprsieat  copper  wItm. 
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TIm  tabn  m  mtteh  mm  oMiiy  pretemd  from  cmkM^ 
•ttd  thft  igDitkn  bstttr  kapl  m  with  oil  on  the  exterior  th«ii 
vUh  wtter,  but  as  in  nmy  of  Oioio  oxperimenti  i  might  hafe 
beencofiikionbljinif*  Fig.  %• 

led  by  a  crack  in  the 

glass,  or  ft  bad  seal& 
ing  ot  the  wire,  al- 
lowing a  portion  of 
oil  to  enter  tlie  tube, 
I  used  water  in  the 
greater  number  of 
them  until  I  was  a»* 

Mlfld  of  tho  plUHUMMMI. 

The  appamtna,  fig.  3,  is  suparior  in  ont  wpoct  Fig  4. 
to  fig.  8,  even  for  experimenta  o««r  w«tor«  •§  the  r\ 
wire  Deingfatnote  below  the  voloino ofgas,  tbecifWi* 
lation  is  more  rapid.  This  objec^may  ufo  be  effected 
by  employing  the  form  of  eudiometer,  fig.  4,  in  whleh 
the  loop  of  wire  is  near  the  centre  of  the  tube,  so  aa 
to  be  jn«t  above  the  snrfaoe  of  wnter  in  tlie  tube; 
there  are,  however,  some  (lifliculLies  of  inanipnlation 
with  liiis  lurm,  whidi  render  it  practically  ot  less 
value  Umii  fig.  1. 

Bino.vulv  <)f  iiilrogenovet  distilledwater  contracted 
difiereiitly  in  pioporiioii  to  the  heat  of  the  wirej  in 
the  best  experiment  it  contracted  to  one-tbiid  of  its 
ongtaal  vmane;  tho  rmldiMd  gat  mm  nitragn, 
Niirie  ooid  WIS  Ibwid  in  eolation  m  iho  wafer. 

Offer  memry  tho  oflheli  wore  nearly  tho  mme  \  tho  Wf^ 
cury  was  attaelmdy  mid  the  orange  fcmes  of  nitrous  add  weiw 
fisible. 

Prdomit  niirofftn  was  decomposed  Into  nitrogen  and 
oxygen ;  the  volume  mcreased  by  0*35  of  the  original  volume  $ 
leouM  not  ^et  the  full  equivalent  proportion,  or  <V of  <Aygen« 

Carbonic  acid  underwent  no  perceptible  alteration. 

Ammonia  iiicrenscd  to  double  its  original  volume:  it  was 
now  no  longer  ab.s()rl>al)Ie  by  water,  and  gave  three  volumes 
of  hydrufft  II,  plus  1  nitrogen. 

Olefiant  gas  contracted  slightly, deposited  carbon,  the  residue 
h&sk^  hydrogen  and  olefiant  ^as,  more  of  the  former  in  pro* 
portion  to  &  beat,  but  i  cooid  not  soceeed  in  entirely 
oomnosnig  it* 

aUngm  snfibred  no  chsngoi^ 

Oxygen  gave  a  very  slight  oontraothm^  amounting  to  Xth 
of  its  volume ;  the  oxygen  employed  was  very  pure,  obtained 
from  chlorate  of  potash  and  manganass^  nd  also  lirom  water 
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by  electrolysis :  no  change  in  properties  was  perceptible  in 
tbe  oxygen  after  its  exposure  to  the  ignited  wire.  This  con- 
traction I  incline  to  attribute  to  a  slight  portion  of  hydrogen 
present,  wliich  view  will,  I  think,  bo  considered  as  strengthened 
by  the  effect  of  tlie  ignited  wire  on  hytlrogen,  to  be  presently 
detailed.  I  at  one  time  thought  thai  ilie  contraction  might  be 
due  to  a  slight  oxidation  of  the  wire^  but  it  never  went  beyond 
a  very  limited  point;  nor  was  the  wire  altered  in  sise  or  weight, 
UuNuni  it  was  Kept  ignited  for  many  hours. 

dlorine  over  water  gave  dense  white  fumes;  a  grayisli* 
yellow  insoluble  powder  accumulated  on  the  sides  of  the  tube 
near  the  platinum  wire»  which  appeared  of  the  same  nature 
as  the  vapours ;  the  deposit  was  insoluble  in  cold  nitric,  sul- 
phuric, or  muriatic  ncid,  but  dissolved  by  the  last  when  boiled. 
The  lumes  did  not,  as  lar  as  I  could  judge,  affect  litmus  paper; 
a  barely  perceptible  tinge  of  red  was  indeed  coiinuunicated  to 
it,  but  this,  I  had  every  reason  to  believe,  was  aUnbutnble  to 
a  sligiit  purlion  oi  muriatic  acid  not  absorbed  by  the  water. 
I  have  not  yet  worked  out  this  result,  &s  it  is  probable,  con* 
sidering  the  number  of  experiments  tliat  have  been  made  on 
heated  cblorinei  that  it  is  a  known  product*  though  I  cannot 
find,  in  several  books  to  which  I  have  referred,  any  substance 
answering  to  it  in  description,  and  the  field  opened  bjvolteie 
ignition  is  so  new  that  each  result  demands  a  separate  and 
prolonged  examination ;  if  I  find  that  this  is  an  unknown 
compound  I  shall  probnbly  resume  its  investigation*. 

Cydnoi^cn  f^five,  liiough  in  very  minute  quantities,  a  some- 
what similar  deposit,  but  at  its  then  very  high  tempei  aUire  it 
began  to  act  rapidly  on  the  mercury,  and  I  was  ol)liged  to 
give  up  the  experiment  after  an  hour's  ignition.  Both  the^e 
gases  recjuire  peculiar  and  novel  apparatus  for  examination 
by  voltaic  ignition*  It  will  presently  be  seen  that  mj  whole 
attention  and  disposable  time  were  necessarily  occupied  with 
certein  phsenomena  to  which  thb  class  of  ezperintents  uhi» 
mately  led  me* 

Hydrogen  gave  a  very  notable  contract! cm,  amounting  in 
some  cases  to  one- tenth  of  its  volume.  This  was  an  unex- 
pected result,  find  I  examined  it  with  care.  It  took  place 
both  over  water  and  over  mercnrv ;  rnther  more  with  the 
former  than  with  the  latter.  It  (  blained  equally  with  hydroc^en 
procured  by  electrolysis  from  careluUy  distilled  water  and  pure 
sulphuric  acid  ;  with  that  procured  from  common  zinc  and 
pure  sulphuric  acid  diluted  with  distilled  water;  and  with 
that  obtamed  from  distilled  sine  and  pure  diluted  sulphuric 
acid.   The  contraction  was  less  when  the  water  fiom  which 

*  See  SuppleflMBlsl  paper. 
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the  hydrogen  was  obtained  was  carefully  purged  of  air  by 

boiling  and  tlie  air-pump,  but  yet  there  was  a  notable  con- 
traction even  when  tl)e  water  had  been  freed  from  air  to  the 
utmost  practicable  ext(  nt.  In  the  numerous  experiments 
which  I  made  on  tliis  subject,  the  contraction  varied  from  the 
^th  to  the  ^'^jth  of  the  whole  volume. 

After  many  fruitless  experiments  I  traced  it  to  a  small 
quantity  of  oxygen  which  I  found  hydrogen  to  contain  under 
all  circumstances  in  which  I  examined  it.  Phosphorus  placed 
in  hydrogen,  obtained  with  the  utmost  care,  gives  fumes  of 
phosphorous  acid,  shines  in  the  dark  and  produces  a  slight 
contraction,  but  there  is  after  this  a  further  contraction  by  the 
use  of  the  ignited  wire. 

I  may  cite  tlie  following  as  an  easy  experiment  and  simple 
illustration  ot  the  rapidity  with  which  hydrogen  appropriates 
oxygen.  Let  hydrogen  be  collected  over  water  well-purged 
of" air;  let  a  piece  of  phosphorus  remain  in  it  until  all  com- 
bubiion  has  ceased,  the  hydiu^eji  will  then  be  full  of  phos- 
phoric vapour ;  fill  anotner  tube  with  water,  and  pass  the 
hydrogen  rapidly  into  it»  the  second  tube  will  instantly  be 
filled  with  a  dense  white  fume  of  phosphorous  acid;  the  hy- 
drogen havin/^  instandy  carried  with  it  oxygen  from  the  stra* 
turn  of  water  it  has  passed. 

A  very  careful  experiment  was  made  as  follows  : — distilled 
water  was  boiled  for  several  hour§,  to  this  was  added  one- 
fortielii  part  by  measure  of  pure  sulphuric  acid,  and  it  was 
cooled  under  the  receiver  of  an  air-pump  ;  it  was  now  placed 
in  two  test-glasses,  connLcted  by  a  narrow  inverted  lube,  full 
of  the  same  li({uul:  ])UiLinuia  electrodes  were  placed  in  each 
glass,  and  the  hydrogen  caused  to  ascend  immediately  into  the 
eudiometer  tubes;  £e  whole  was  completed  within  two  or 
three  minutes  after  the  water  had  been  removed  from  the  air- 
pump.  Here  the  ordinary  sources  of  impurity  in  hydrogen 
were  avoided;  no  zinc  was  used,  the  sulphuric  acid  waspure^ 
and  the  quantity  was  so  small^.that,  had  it  not  been  pure^  the 
error  could  have  been  but  very  trifling.  The  hydrogen  so 
obtained,  contracted  in  volume  j^^h ;  hydrogen  jtrepared  in 
the  same  way,  and  exposed  to  phosphorus,  gave  dense  white 
fumes;  the  phosphorus  was  luminous  in  the  dark  for  more 
than  an  hour,  and  the  contraction  (temperature  anil  pressure 
being  carefully  examined)  was  ^\jth;  the  amount  of  contrac- 
tion i>y  the  wire  would  or  course  equal  three  times  the  volume 
of  oxygen  mixed  with  the  hydrogen,  consequently  theoxvgen 
would  be  j^^th  of  the  whole  volume;  the  platinum  wire  induces 
therefore  a  greater  absorption  of  oxygen  than  the  phosphorus, 
unless,  the  volume  of  hydrogen  is  increased  by  the  phosplioric 
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vnpour;  the  seqncl  of  this  paper  will  render  it  f)robable  that 
even  the  ignited  wire  does  and  cannot  induce combinitkNl 
of  all  the  oxygen  existing  in  the  hydrogen. 

1  have  looked  into  the  papers  of  Mw.  Ht  rzeiins  and  Du- 
long,  and  of  M.  Dumas  on  the  equivaleni  \s  i  injht  of  hyd  loi^eu. 
The  latter  contains  a  most  careiid  expet  iiiietiLal  inve^tiigationy 
and  is  by  far  the  best  determination  we  have ;  although  it  is 
not  tbm  mentioDcd  tluit  hydrogen  containt  oxvgen,  yet  a 
oorraetion  is  made  for  tha  air  oontainad  in  ilia  snffMiiirie  aeid 
employed*  M.  Daniis  doM  not  slata  how  tha  quaality  of  thtt 
air  is  calculated.  Thm  oan  be  no  question  that  notbnig  ts^ 
proacbinff  in  elaborate  care  to  these  experinwiits  hns  l»eii  jnst 
performed  on  the  subject;  but  with  the  fallast  conscioosnoss  rf 
M.  Dumas'  skill,  I  bavst  in  all  my  experiments,  perceived 
such  an  inveterate  tendency  of  hydrogen  to  possess  itself  of 
oxygen,  that  I  cannot  help  entertaining  some  doubts  whether 
we  have  yet  the  real  weight  oi  hydrogen  within  tlie  assigned 
limits  of  error. 

It  is  difficult  to  see  how  liydronfcn  can  be  absolutely  deprived 
of  oxygen  which  has  oitce  existed  in  it;  neither  an  oxidable 
metal  as  2inc»  or  an  ignited  inoxidable  metal  as  platinum,  get- 
ting rid  of  all  tha  oxygon,  and  phosphorus,  if  it  dots  au^ 
places  it  by  its  own  vapour.  .The  near  approaeli»  bowaver^  of 
the  equivalant  of  hydnwsoi  as  daiarniuied  by  M.  DumaSi  to 
the  ratio  of  whole  numbersi  renders  it  probabla  thai  ii  is  a 
very  close  approxioiation  to  the  truth. 

1  hafe  not  been  able  to  detect  nitrogen  in  the  hydrogen, 
but  the  probability  is  tliat  a  slight  quantity  also  exists  in  it 
Whether  the  oxygen  proceeds  from  portions  of  air  still  re- 
maining in  solution  in  the  liquid  Irom  which  the  air  is  ex- 
hausted, or  whether  it  is  a  part  of  the  water  actually  decom- 
posed, but  of  which  the  oxyi^eii  is  not  absoiiu  d  by  the  zinc, 
is  a  question  to  resolve  vviuch  lurther  experiments  are  nacas- 
sury. 

Hydrogen  and  carbonic  acid  mixed  in  equal  volumes  were 
readUy  acted  on  by  the  i^uited  wire;  they  contracted  to  0*48 
of  the  original  folonia;  m  residua  wet  cafbooie  oxidei  one 
aqaifalaoi  of  oxygen  bad  therefore  united  with  the  bydrogta; 
and  the  slight  additional  contraction  was  probably  one  to  the 
further  combination  of  hydrogen  with  oxygen,  as  above ataiad. 

Carbonic  oxide  exhibited  a  remarkable  effiset, and  one  which* 
coupled  with  the  ksl  eap^roent,  gave  rise  to  considerations 
which  mainly  led  to  the  results  to  be  detailed  in  the  body  of^/^ 
this  paper.  Carbonic  oxide,  very  pure  and  cnreftdly  freed  from 
carbonic  acid,  was  exposed  to  ihe  igniteil  wire  over  distilledv, 
water  i  the  gas  iagr^as^  in  volume  in  one  experiment  to  one- 
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third  of  its  oriffinal  voiame»  in  the  greater  number  ofitiBtanoei 

to  one-fifth:  tniis  inereww  depended  upon  the  intensity  ofigp- 
nition,  which  it  was  very  difRcult  to  maintain  at  its  maximum 
on  account  of  the  frequent  fusions  of  the  platinum  wires. 

Here  again  I  Imcl  a  ioug  research  and  many  erroneous 
guesses,  which  I  need  not  tietail.  The  effect  did  not  take 
place  with  perfectly  dry  jijas  over  mercury,  and  1  tlience  was 
led  to  attribute  it  to  bouie  couibiiiation  wilii  aqueous  vapour; 
the  increase  turned  out  to  be  cNXsaiioned  by  the  formation  of 
earbonic  add.  By  agitation  with  caustic  potash  or  lime  water 
the  gas  was  reduced  to  exactly  its  original  bulk,  but  it  was 
now  found  to  be  mixed  with  a  volume  of  hydrogen  equal  to 
the  volume  of  carbonic  acid  by  which  it  had  been  increased; 
it  was  thus  perfectly  clear  that  half  a  volume  or  one  equivalent 
of  oxygen  derived  from  the  vapour  of  the  water,  had  combined 
with  one  volume  or  ecjiiivalent  of  carbonic  oxide,  and  formed 
one  volume  or  eiitiivnlent  of  carbonic  acid,  leaving  in  place  of 
the  carbonic  oxide  with  which  it  had  combined,  the  one  vo- 
lume or  ei|uivalent  ol  hydrogen  with  wliich  it  had  been  urigi- 
nally  associated. 

Comparinp  the  last  experiment^  vis.  tliat  of  mixed  carbonio 
acid  and  hydrc^en  with  this,  I  was  naturally  struck  with  the 
curious  reversal  of  affinities  under  circumstances  so  nearly 
similar ;  in  the  one  cose,  hydrogen  taking  oxygen  from  car- 
bonic acid  to  form  water  and  leaving  caroonic  oxide ;  in  the 
other,  carbonic  oxide  taking  oxygen  from  water  to  form  ear* 
bonic  acid  and  leaving  hydrogen. 

1  thought  much  upon  this;  experiment;  it  appeared  to  me 
ultiuiaiely  that  tiie  ignited  platinum  had  no  specific  efTect  in 
producing  eitlier  composition  or  decomposition  of  water,  but 
that  it  simply  rmdered  the  chemical  equilibrium  unstable,  and 
that  the  gases  then  restored  themselves  to  a  stable  eouilibrium 
according  to  the  circumstances  in  which  thev  were  placed  with 
regard  to  surrounding  affinities;  that  if  the  state  of  mixed 
oxygen  and  hydrogen  gas  were^  at  a  certain  temperature, 
more  stable  than  that  of  water,  ignited  platinum  would  de- 
compose water  as  it  does  ammonia. 

Tnls  is  a  very  crude  expression  of  my  ideas,  but  we  have 
no  language  for  such  anticipatory  notions^  and  I  must  adapt 
existing  terms  ns  well  as  I  am  able. 

It  now  appeared  to  me  thai  it  was  pt)ssiLile  to  eft'ecL  the. 
decomposition  of  water  b^'  ignited  platinum ;  that,  supposing 
the  atmosphere  of  steam  in  the  immediate  vicinity  of  ignited 
platinum  were  decomposed,  or  the  affinities  of  its  constituents 
loosened,  if  there  were  any  means  of  suddenly  removing  this 
atmoephere  I  might  get  the  mixed  gases ;  or  secondly,  if|  as 
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appeared  by  the  last  two  experimentSy  (]uantitv  had  any  inflti* 
ence^  that  it  inifl^t  be  pcmible  so  to  divide  the  mixed  gases 
by  a  quantity  <x  a  neutral  ingredient  as  to  obtain  them  by 
subsequent  separation  (or  as  it  were  filtration)  from  the  neiH 
tral  substance.    Both  these  ideas  were  realized. 

To  effect  the  first  object,  after,  as  usual  iu  such  circum- 
stances, much  groping  in  the  dark,  I  cemented  a  loop  of  pla- 
tinum wire  in  the  end  of  a  tube  retort  similar  to  fig.  S,  and 
covered  it  with  asbestos,  rarnniinnr  this  down  so  as  to  form  a 
plug  at  ilie  closed  extremity  of  liic  lube,  the  platinum  wire 
being  in  the  centre.  My  object  was,  bv  igniting  the  platinum 
wir^  to  drain  the  water  out  of  the  asbestos^  and  the  ignited 
wire  being  then  in  an  atmosphere  of  steaniy  I  hoped  the  water 
woald  by  capillary  attraction  kt&p  constantly  oosmg  down  to 
the  platinum  wire  as  the  steam  or  decomposed  water  ascended* 
The  experiment  did  not  succeed ;  the  water  established  a 
current  through  the  asiiestos  by  washing  away  fine  partideSs 
and  tlie  phaenomena  of  ordinary  ebullition  took  place,  unlesa 
the  intensity  of  the  battery  was  very  much  exnhed,  when  a 
very  slirrht  decomposition  was  perceptible,  which  I  attri!)utcd 
to  electrolysis.  This  experiment,  however,  suggested  another 
which  did  succeed.  In  one  or  two  cases  the  asbestos  plug 
became  comjiressed  above  the  platinum  and  so  choked  up  the 
tube  that  the  wiie  stidilenly  fused.  It  now  occurred  to  uie 
that  by  narrowing  the  glass  tube  above  the  platinum  wire  I 
had  the  result  at  my  command,  as  the  narrow  neck  might  be 
made  of  any  diameter  and  length,  so  as  just  to  allow  the  water 
to  drip  or  run  down  as  the  steam  forced  its  way  up ;  a  tube, 
was  so  formed)  and  is  shown  with  its  accompaniments  at  fig.  5. 


Fig.  5. 


The  result  of  this  experiment  was  very  striking:  when  two 
cells  of  the  nitric-acid  battery  were  applied  the  air  was  first 
expanded  and  expelled,  the  water  then  soon  boiledt  and  at  a 
certain  period  the  wire  became  ignited  in  the  steam.   At  this 

iu'Jtant  a  trenmlous  motion  was  perceptible,  and  separate 
bubbles  of  permanent  gas  of  the  size 
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and  fbrmed  a  volume  in  the  bend  of  the  tube.  It  was  not  a 
eontainoas  discharge  of  gas  as  in  eiectioljrsisi  bat  appeared  to 
be  a  series  of  rapid  jerks ;  the  water,  returning  through  the 
narrow  neck,  formed  a  natural  valve  which  cut  off  bv  an  in- 
termitting  action  portions  of  the  atmosphere  surrounding  the 
wire;  the  experiment  presented  a  novel  and  indescribably 
curious  efl'ect.  The  gas  was  oxy hydrogen.  It  will  occur  at 
the  first  to  many  of  those  who  hear  this  paper  read,  that  this 
clVect  might  be  derived  from  electrolysis.  No  one  seeing  it 
would  think  so  for  a  moment;  and  although  I  shall  by  my 
subsequent  experiment^  I  trust,  abundantly  negative  this  sup- 
position,  yet  as  this  was  my  first  successful  experiment  on  this 
sutjecty  atid  is  per  u  an  interesting  and  striking  method  of 
sbowtng  the  pbsnomenon  of  decomposition  by  neat,  I  will 
mention  a  few  points  to  prove  tliat  the  pbamosMnon  oonki 
not  be  occasioned  by  electrolysis. 

To  account  for  it  by  electrolysis,  it  must  be  supposed  that 
the  wire  oifered  such  a  resistance  to  the  current  that  this  di- 
vided itself,  and  the  excess  of  voltaic  power  passed  by  the 
small  portion  of  water  which  trickled  down,  iu&tead  of  by  the 
wire. 

In  the  first  place,  the  experiment  was  performed  with  di- 
stilled water,  and  only  two  cells  of  the  battery  employed,  which 
will  not  perceptibly  decompose  distilled  water. 

Sndly.  No  decomposition  took  place  until  the  instant  of 
{gnition  of  the  wire^  dboq^  thece  was  a  greater  surftee  of 
boiling  watsr  exposed  to  the  wire  before  than  aftor  the  period 
of  ignition. 

3rdly.  A  similar  experiment  was  made,  but  with  the  wire 
divided  in  the  centre  so  as  to  form  two  electrodes,  and  the 
water  boiled  by  a  spirit-lamp;  here  ihe  current  had  no  wire 
to  conduct  any  part  of  it  away,  but  the  whole  was  obliged  to 
pass  across  the  liquid,  and  yet  no  decomposition  took  place^ 
or  if  there  were  any  it  was  microscopic. 

4thly.  When,  instead  of  oil,  distilled  water  was  used  in  the 
outer  vessel*,  even  the  copper  wires,  one  of  which  would  form 
an  oxidable  anode,  gave  no  decomposition  across  the  boiling 
water  outside,  while  the  ignited  wire  inside  was  freely  yielding 
mixed  gases. 

5thly.  To  prevent  the  water  from  being  the  shortest  line 
ibr  the  current,  I  repeated  the  experiment  with  a  perfectly 

straight  wire  (fig.  6).  The  result  was  precisely  the  same, 
but  the  experiment  is  more  difficult ;  as  a  certain  length  ol* 

•  January  8.— I  have  since  found  that  the  exterior  tube  of  oil  or  water 
may  be  dispensed  with  in  this  experimeot,  M  the  water  which  trickle* 
down  prevents  the  fusion  of  the  glass. 
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wire  is  necessary,  the  sealing  is  more  troublesome,  and  the 
size  of  the  bulb  is  much  more  difficult  to  adapt  to  the  produo- 
lion  of  steam  in  exactly  the  reqiii*  Fig,  6. 

site  quantity;  the  slrais^^ht  wire 
being  more  sudtleniy  lixtinguish- 
ed  and  more  easily  fused :  with 
careful  manipulation  however  it 
succeeds  equally  wdl  with  the 
fiiriDcr  experiment. 

I  might  add  other  ezperimenta 
andargumentSybut  I  btuare  when 
the  remainder  of  this  paper  hat  been  ready  that  the  above  will 
be  thoogbt  scarcely  necessary. 

I  now  directed  all  my  efforts  to  produce  the  effects  by  beat 
alone  without  the  battery.  I  will  mention  a  few  of  my  unsuc« 
cessful  attempts,  as  it  will  save  troiibli.  to  future  experimenters* 
1  sealed  a  platinum  wiro  into  [})c  extremity  of  a  curved  Lube, 
filled  the  laUer  with  waur,  and  applied  a  strong  heat  by  the 
blowpipe  to  the  projecting  end  of  the  wire,  hoping  that  the 
eondiictiDg  power  of  the  plaHntim^  although  inferior  to  that  of 
most  other  metals^  was  sufficiently  superior  to  that  of  glaat  to 
enable  me  to  ignite  the  portion  of  the  wire  within  the  tube, 
and  thui  anrround  it  with  an  atmoiiphere  of  steam ;  the  water 
however  all  boiled  off  from  the  glass ;  nor  could  I  succeed  in 
igniting  the  platinum  by  heat  from  without.  A  similar  failure 
occurred  when,  on  account  o(  its  superior  conducting  poweff 
a  gold  wire  was  substituted  tor  thai  of  platinum. 

I  sealed  hponrry  platinum  and  bundles  of  platinum  wire  into 
tlie  ends  oi  iiuheiuian  glass  tubes,  closinff  the  «5lassover  thetn, 
and  then  filling  the  tubes  with  water  and  iieating  the  whole 
exlfemiiy ;  bdl  the  water  boiled  off  from  the  glass,  and  th« 
platinam  could  not  be  made  to  attain  a  full  incandescence^ 

After  many  stmihir  trials  I  returned  to  the  battery,  and 
sought  to  apply  it  in  a  manner  in  which  electrolysis  could  noC 
possibly  take  place.  I  had  hoped,  as  1  have  above  stated,  to 
obtain  a  residual  decomposition  of  water  by  masking  or  dilu- 
ting the  frnses  by  a  neutral  substance*  1  therefore  tried  the 
following  experiment:  a  tube  ~ 
similar  to  fig.  1  was  fdled  with 
water  which  had  been  carefully 
IVeed  iroiii  air  by  long  boiling 
and  the  air-pump ;  it  was  then 
hirerted  in  a  veasel  of  the  same 
water,  and  a  spirit-lamp  applied 
to  He  closed  eitremity,  until  the 
upper  half  was  filled  with  va* 
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pcmr  (fig.  7).  The  win  was  brooght  to  a  full  ignition  bjr 
the  batterv»  and  kept  ignited  for  a  Urn  taoondi  |  connaxion 
wai  then  brokan  and  the  lamp  removed,  so  that  the  irater 

gradually  ascended*  A  babbla  of  the  size  of  alargannatard* 
aeed  was  left  in  the  extremity  of  the  tiibi!»  and  I  was  much 
gratified  at  finding  that  when  this  was  caught  by  a  lighted 
match  nt  the  surlace  of  the  water-trough  it  detonated.  The 
experiment  was  then  repeated,  continuing  the  ifrnitioii  for  a 
longer  time,  but  the  ^as  could  not  be  increased  beyond  a 
very  linnted  quantity  :  mdeed  it  was  not  to  have  been  expected, 
as  su])p()siiig  it  to  be  mixed  gas,  recombination  of  the  excess 
would  iiave  taken  place,  and  liie  lucL  oi  any  uacombined  gu.^ 
exi&ting  when  exposed  to  incandescent  platinum,  will  doubt- 
lait  anrpriaa  thoaa  wbo  hear  it  for  the  lint  tine. 

Tha  axparimaiit  waa  repeated  aa  at  flm  and  the  bufablo 
traasfcffeJ  to  another  tiitiei  the  wire  waa  tlm  again  ignited 
in  vapour,  aoolber  bubble  was  inatantly  fimaea  and  tran»« 
Ama,  and  ao  on,  ontii  after  abont  tan  wmf  wofk  aufficienl 
gat  was  ooUectid  for  analysis ;  this  gas  was  now  placed  in  an 
eudiometer,  it  detonated  and  contracted  to  0*85  of  its  original 
volume;  the  residue  being  nitrogen.  The  experiment  was 
repeated  several  limes  \\\\h  the  same  general  resultSy  tl^  re« 
siduc  sometimes  contain  in  r  a  trace  of  oxvjren. 

Here  electrolysis  was  out  of  the  (jULstion  ;  tlic  wire  nas 
ignited  in  (if  I  may  use  the  expression)  dry  i>leau),  iliv.  n|)per 
part  of  tile  tube  being  far  above  the  boiling-point,  and  ui" 
coarse  perfectly  transparent ;  if  not  an  «iiect  of  heat»  it  must 
hn«a  baen  a  nair  ftmctieii  of  tha  elactfio  cotMnty  at  laait  ooo 
Utfaarto  naknown. 

ika  tha  voliaia  are  and  alactria  apark  aiM  heat  of  tho 
l^taat  hiteneity,  I  tried  a  aneeesslon  of  deatric  aparita  from 
fdatinnn  wires  throogh  aleaai  iti  the  apparatm  flg«  8|  the 
water,  as  in  ail  my  experiments, 
having  been  previously  purged  of  ^g.  g* 

air  (to  save  circumlocution  I  will 
in  future  call  it  prepared  water). 
The  sparks  were  taken  from  tlie 
hvdro-electric  machine  of  the 
London  institution  ;  they  had  in 
the  steam  a  beautiful  crimson  ap- 
pearance; on  cooling  the  tube  u 
bubble  was  perceptible,  which 
detonated  by  the  matah. 

As  in  the  previona  experinieoU,  m  whole  day's  work  did  not 
inoiaasa  the  babbk^  bnt  when  it  waa  traaeliirtad  another 
instantly fimned;  thegas wassimilnriyoottaeiadi  itdatoMMMl 


32    Mr.  Gi  ove  on  Ihe  Decomposition  of  Water  bi^  Heat* 

ond  contracted  to  0*4  of  its  original  volnme;  the  residoe  was 

nitrogen  witli  a  trace  of  oxygen. 

This  experiment  wil!  again  surprise  by  its  novelty  ;  the 
very  means  used  in  every  laboratory  to  combine  the  mixed 
gases  and  forui  water,  here  decompose  water*.  From  a  vast 
number  oi  experiments  which  1  have  made  on  the  voltaic  and 
electric  disruptive  discharges  (which  are  I  believe  similar  phae- 
nomena^  diflertng  only  in  quantity  and  intenaity),  I  believe  the 
decompositions  produced  by  them  are  the  eflbets  of  beat  alone, 
and  this  expei  i  mentwas  theiefore  to  rovmind  a  repetition  of  the 
last  under  different  circumstances ;  others  however  may  thinJc 
differently.    This  experiment  also  I  several  times  repeated* 

By  counting  the  glohnles  given  off,  and  comparing  a  cer- 
tain number  of  du  in  wiili  the  nvernge  volume  of  steam  in  the 
last  two  experiments,  an  attempt  was  made  to  ascertain  what 
proportion  of  water  couid  be  decomposed  by  an  ignited  pla- 
tinum wire  in  aqueous  vapour,  or,  wiiich  amounts  to  a  corol- 
lary from  tliis  pro|X)sition,  what  degree  of  dilution  would 
enable  mixed  gas  to  exist  without  combustion  in  an  atmo- 
sphere of  steam  exposed  to  an  ignited  platinum  wire^  The 
proportion  in  an  experiment  in  which  the  globules  were  so 
counted*  was  1  to  S400 ;  the  probability  is  however  that  dif- 
ferent temperatures  of  the  platinum  wire  would  give  difierent 
volumes  of  gas  so  decomposed,  the  volume  being  greater  as 
the  wi?*e  is  more  intensely  ignited. 

Although  there  was  no  known  effect  of  electricity  which 
could  produce  the  phyenomenon  exhibited  by  the  la^L  two 
experiments,  and  it  was  in  any  event  new,  still,  firmly  con- 
vinced that  it  was  an  effect  of  heat,  I  again  determined  to 
attempt  lU  production  bv  heat  alone^  and  without  the  use  of 
die  bflttenr.  I  procured  a  tube  of  silver  9  inches  long  and 
0*4  inch  diameter;  at  the  extremity  of  this  was  a  platinum  cap 
to  which  a  smaller  tube,  also  Fig,  9« 

of  platinum,  was  soldered. 
This  platinum  tube  was 
closed  at  the  end  and  sol> 
dcred  with  gold  solder.  The 
apparatus  was  filled  with 
prepared  water;  the  water 
was  boiled  in  the  tube  to  ex- 
pel the  air  from  the  narrow 
tube  and  any  which  might 
have  adhered  to  the  vessel; 

•  I  need  scarcely  point  out  the  distinction,  in  fact,  between  diii  experi- 
ment Mid  those  in  which  liquid  wste^  hss  been  deoonpoied  bj  thselectrie 
tperk.  See  Supplemental  Pkiper. 
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the  tube  was  then,  when  full  of  hot  water,  inverted  into  wnter» 
and  the  flame  of  a  common  blowpipe  made  to  play  against  the 
platinum  tube  (fig.  9)  until  a  white  heat  was  obtained.  Ujwn 
inverting  it  under  water,  a  bubble  of  the  size  of  a  mnstnrcf- 
seed  rose  to  the  surface,  whicii  gave  a  very  feeble  detonation 
with  ttie  match.  Similar  bubbles  were  collected  as  before, 
and  the  gas  in  an  eudiometer  con  traded  to  0'7.  On  re- 
petition the  experiment  did  not  succeed  su  well,  and  upon 
several  repetitions  it  sometimes  succeeded  and  sometimes 
fiiiledy  and  I  should  not  mention  it  but  that  it  was  the  first 
experiment  which  gave  me,  although  not  very  satisfactorily, 
the  effect  of  decomposition  by  heat  alone.  The  reason  of 
its  uncertainty  I  believe  to  have  been  the  want  of  a  sufli- 
ciently  intense  heat,  as  I  dared  not  venture  on  account  of 
the  gold  solder  to  push  the  ignition  very  far ;  in  fact,  I  std)- 
sequently  fused  the  extreniitv  and  spoiled  the  apparatus  by 
applying  the  oxyliydrogen  dame  to  it;  had  the  platinum  tube 
been  welded  insiead  of  gold-soldered,  it  would  doubtless  have 
succeeded  better.  I  should  state  that  the  object  of  the  silver 
tube  was  to  prevent  the  ciuiiice  of  recomposition  b^  the  cata- 
lytic effect  of  a  large  platinum  surliice ;  to  have,  tn  short,  a 
small  portion  of  platinum  exposed  to  the  steam,  and  that  at  a 
high  temperature:  ceconomy  was  also  no  indifferent  consi- 
deration. This  experiment,  although,  coupled  with  the  pre- 
vious ones,  tolerably  conclusive,  did  not  satisfy  me^  and  i 
attacked  the  difficulty  in  another  manner.  The  experiment 
5)  induced  me  to  believe  that  if  I  could  get  platinum 
ignited  umler  water  so  as  to  be  in  an  atmosphere  of  steam, 
decojiiposition  would  take  place;  and  M.  Doutigny's  experi- 
ments on  the  spiieroidal  state  of  water  led  nie  to  hope  I  might 
keep  platinum  fur  some  time  under  condiiions  suitable  for  my 
purpose. 

AAer  a  few  failures  I  succeeded  perfectly  by  the  following 
experiment.  The  extremity  of  a  stout  platinum  wire  was 
fused  into  a  globule  of  the  sixe  of  a  peppercorn,  by  a  nitrie- 
acid  battery  of  thirty  cells;  prepared  water  was  kept  simmer- 
ing by  a  spirit-lamp,  with  a  tube  filled  with  water  inverted  in 
it;  charcoal  heinii;  the  negative  terniinal,  the  voltaic  arc  was 
taken  between  liutt  and  the  platinum  globule  until  the  latter 
was  at  die  point  ol  iui)iuii  ;  tlie  circuit  was  now  broken,  and 
the  highly  incandescent  platniuni  plunged  into  the  prepared 
water:  separate  pearly  bubbles  of  gas  rose  into  the  tube,  pre- 
senting a  somewhat  similar  eilect  to  experiment  (fig.  5).  The 
process  was  repeated,  the  globule  being  frequently  plunged 
into  the  water  in  a  state  of  actual  fusion ;  and  when  a  sufficient 
quantity  of  gas  was  collected  it  was  examined,  it  detonaiedy 

PhiL  Mag.  &  3.  Vol.  31 .  No.  205.  Jufy  1847.  D 


Digitized  by  Google 


Sit   Mr.  Grove  on  ike  Decomposition  of  Water  by  Heat, 

leaving  O'i  residue ;  this  was  as  usual  nitroiren  with  a  trace 
of  oxygen.  A  second  expcriuient  gave  a  still  bett^  rtsulty 
tb6  gas  contracting  to  0*2^  of  its  original  volume. 

On  making  the  platinum  negative  and  tl»e  cliarcoal  positive, 
a  very  diilerent  result  followed  :  the  carboii  uas,  as  is  kiunvn 
to  electricians,  projtcLcd  upon  the  platinuin;  {^nd  the  g.i»  in 
this  cate  was  mi^ed  with  carburetted  hydrogen  and  carbonic 
oxide.  I  know  no  experiment  which  shows  so  strikingly  the 
difierent  effects  at  the  disraptive  teminels  «•  thist  when  the 
platinum  is  native  it  gives  much  carbonic  gas,  when  it  b  po« 
sitive,  not  a  trace  (the  gas  was  delicately  and  carefully  tasted 
for  it) ;  nay,  more,  by  changing  the  platinum  from  negative  to 
positive  the  carbon  is  instantly  reiT^oved,  and  in  a  single  ex- 
periment the  ))latininii  becomes  pei  tecily  clean. 

Here  then  1  produced  very  sntisfaciorily  decomposition  by 
heat  ;  it  is  true,  the  battery  wms  used,  but  useil  only  as  a  meant 
of  lu.sin<r  the  phuiiuim,  as  tiiiji  was,  as  soon  as  fused,  entirely 
separated  fruui  the  circuit  and  could  have  iu>  [)i)ssible  voltaic 
action.  Wishing  however  altogether  to  avoid  the  use  ui  ilte  ^ 
battery,  I  repeated  this  experiment)  eniploving  ns  mv  means 
of  fusing  the  platinom  the  oxy hydrogen  blowpipe;  the  expe* 
rimeot  was  equally  successful,  perhaps  mors  soy  as  the  mani- 
pulation was  more  easy, 

X  could  readily  by  this  means  collect  half  a  cubic  inch  or 
more  of  tlie  gas ;  when  detonated,  the  residtte  of  nitrogen 
aversged  0*35  of  the  origimd  volume. 

In  carefully  watching  this  experiment,  1  observed  that  at 
first  a  rapid  ucrc^sion  of  bubbleii  ascended  into  the  liiUe  fi{>ni  • 
tlif*  ii)cn!ulcM;eut  plntiiuini,  it  then  became  (juiesccni ;  llie 
bpheruitiui  state  wns  assumed  by  the  water  and  no  gtis 
ascended ;  on  losing  the  sjiheroitlal  state  a  sudtlen  hiss  was 
heard,  and  a  single  bubble  ascended  into  liie  lube.  I  deter- 
mined to  examine  separately  the  gas  from  the  platinum  before 
and  after  the  quiescent  state;  to  eflfect  this  1  phiccd  two  in« 
wted  tubes  in  the  capsule  with  the  orificea  near  eaah  other  t 
the  platinum  at  the  point  of  fusbn  was  immersed  under  ona 
tnbfl^  say  tube  A,  and  as  soon  as  the  ascent  of  bubbles  ceased, 
it  was  removed  across  to  tube  B|  and  the  last  babble  then 
entered  that  tube ;  the  gases  from  each  tube  were  separately 
analysed,  and  tube  A  gave  nearly  all  detonating  gns,  ific  le- 
sidue  being  only  O'li ;  tube  B  gave  none ;  the  gas  cx^iiected  iu 
it  was  nitrogen,  with  a  trace  of  oxygen. 

In  order  to  examine  the  effect  ot  an  oxidable  metal  mult^r 
s!iiiil:ir  circumstances,  I  fused  by  the  oxyhydrogen  blowpipe 
tlie  end  of  a  stout  iron  wire,  plunged  it  into  prepared  water 
and  collected  the  globules  of  ga;>  \  no  oiqrgen  was  given  off, 
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cr  at  Imt  no  nore  dum  I  have  always  found  to  accompany 
hjdxog90,  wfaieh  with  a  small  fasidve  of  nitrogen  was  the  gas 
giTen  off  in  this  experiment 

[To  tM  ooBtiBiied.] 


V.  JnverUion  of  FimUm,  £jf  CiiAitLES  Richard  Wsld^  Esq. 

To  the  Editors  of  the  PhUosophieai  Magazine  and  JoutnaL 
Obntlcmen, 

IN  the  coune  of  my  researdies  in  the  arehlm  of  die  Roval 
Society,  with  relmnce  to  a  history  of  the  Society  whien  I 
am  compiling,  I  have  been  moeh  struck  with  a  very  remark- 
able discrepancy  on  a  rooet  important  point,  connected  with 

the  celebrated  dispute  of  the  invention  of  fluxion^  between  the 
original  Minutes  of  the  Society  and  the  statements  of  writers 

en  this  subject. 

Sir  David  Brewster  and  Professor  Dc  Morgan,  following 
others,  stale  that  at  a  meeting  of  the  Society  held  on  the  'JOtU 
of  May  1714-,  u  resolution  was  inserted  in  the  Minutes,  that 
**it  was  never  inh  nded  that  tlic  nport  of  the  committLc  was 
to  pass  for  a  tlcci^ioii  of  the  Si  ciL  ty Tills  alhidci  lu  the 
re})ort  presented  by  the  euiiiiiulicit  appointed  by  ilio  SticicLy 
to  determine  the  quesLion  of  the  invention  ut  iiuxiuus.  iSuw 
the  exaa  words  of  tlie  minute  are  these:— 

It  was  not  judged  proper  (ttnoe  this  letter  was  noidiiected 
to  tiierot)  fi>r  the  Sociely  to  concern  themselTes  therawich, 
nor  were  they  desired  so  to  do ;  but  that  if  any  person  had 
n[iy  material  objection  against  the  Commercium  or  the  report 
of  the  committee,  it  migot  be  reconsidered  at  any  time]:/' 

There  is  nothing  l)ere  to  show  that  the  Sociely  renhed  (and 
this  Is  the  word  Mr.  De  Morgan  uses)  upon  repudiating  the 
report  of  their  committee;  so  far  from  this,  the  opposite  con- 
clusion is  at  once  obvious,  whieh  is  in  keeping  with  the  ori- 
ginal resolution  of  the  Society  adoptiiig  the  report  of  tlieir 
Comroitteey  nemine  co)itrailiceute.  The  point  is  oi"  great  mo- 
ment* for  had  the  Society  come  to  tiie  resolution  as  repre- 
sented, a  strong  case  would  be  made  out  agaiiibi  Newton.  I 
have  examined  the  Minutes  of  the  meeting  in  question  with 
the  greatest  care*  and  confidently  assert  that  there  is  no  other 
aUosaoQ  to  the  dispute  between  X^eibnitx  and  Newton.  In 
eondusioot  I  wish  to  state  that  it  is  at  the  request  of  some  of 

•  Sec  Life  of  Newton  by  Brewster,  p.  2U,and  Life  by  De  Mor;^n,  p. 
f  Alluding  to  a  letter  of  Leibnilz  to  Cbamberia^uc,  complaining  of  the 
repon  of  the  cpiniBitt«e. 
i  Joum*  BooIl  yoI.  li.  p.  481. 
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onr  most  eminent  philosophers  that  I  send  you  this  "  correc- 
tion," which  they  coticeive  ought  to  be  made  public  through 
the  medium  of  the  riiilosophical  Journal. 

I  am^  Geiukmen, 

Your  humble  Servant, 
Royal  Society,  Somerset  House,        Chaules  Richard  Weld. 
Juii«  \\,  1847. 


VI.  Researches  on  the  Composition  and  Characters  of  certain 
Soils  and  Waters  belongiti^  to  the  Flax  districts  of  Belgium, 
and  on  the  Chemical  Constitution  of  the  Ashes  of  the  Flax 
Plant.    By  Sir  Robert  Kame,  ilf.D.,  M,R,LA.*. 

A  BOl^T  two  years  since,  I  liail  ilje  honour  to  submit  to 
tlie  lio^  ai  Irish  Academy  the  results  of  some  iiujuirics 
into  the  chemical  composition  of  the  flax  and  hemp  plants, 
and  into  the  chemical  phaenomena  of  the  treatment  which  they 
undergo  in  the  preparation  of  the  ligneous  fibre  for  the  pur* 
poses  of  the  arts.  The  main  object  of  that  memoir  was  to 
point  out  that,  whilst  the  plant,  as  n  whole,  was  rich  in  alka* 
lies,  earths,  sulphuric  and  phosploric  acids,  &c.»  the  fibre,  as 
ultimately  pnrcnased  in  the  market,  was  practically  destitute 
of  all  these  materials,  whicii  thereioi  e  remanied  amongst  the 
substances  removed  Irom  the  plants  during  their  preparation, 
and  hitherto  rejected  ns  ot  no  use.  Those  results  being  [)ul>- 
lished  in  the  Proceedings  of  the  Royal  Irish  Academy,  and 
copied  ihence  into  various  agricultural  books  and  journals, 
have  in  some  deg^ree  led  to  the  ceoonomisine  of  those  valuable 
residues;  and  it  is  to  be  hoped  that»  according  as  the  atten- 
tion of  formers  becomes  more  definitely  fixed  upon  the  real 
and  philosophical  principles  of  the  growth  and  composition  of 
various  crops,  the  utilization  of  the  different  parts  of  plants 
will  be  still  more  carefully  attended  to. 

The  researches  to  which  1  have  referred,  involved  the  de- 
termination of  the  elementary  composition  of  the  plants,  only 
so  far  as  it  was  necessary  to  prove  tlie  jnesence  and  propor- 
tional quantity  ul  certain  niaurials  in  the  plant  as  it  grows, 
and  their  absence  in  the  fibre  as  prepared ;  but  it  was  not  my 
design  therein  at  all  to  discuss  the  very  important  questions* 
so  fundamental  to  vegetable  chemistry  and  physiology,  of  the 
degree  within  which  tiie  composition  of  the  ashes  of  a  plant 
ma^  vary;  or  whether  there  is  any  general  expression  within 
which  the  constitution  of  the  mineral  elements  of  a  plant  is 
necessarily  contained ;  or  finally^  whether  there  can  be  traced 

*  Read  at  the  Agricultural  BveotDgMcctingof  the  Royal  Dublin Societf, 
held  on  the6tb  of  April  1847. 
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any  poBili?6  nlatum  bet«v«eii  the compoutioii  of  thepkot and  - 
the  OMniXMHioii  of  the  nil  upon  which  it  grows.   To  answer 
these  qneitionB  even  appnnciniatively»  wiii  require  investiga* 
tions  frequently  repeatea«  and  the  concurrent  laboun  of  many 

different  investigators;  aiid  although  niy  present  inquiries  may 
serve  to  furnish  certain  grounds  for  arriving  at  an  opinion  upon 
these  points,  I  would  not  in  any  way  be  uoderslooid  as  putting 
^em  forward  with  that  view. 

My  main  object,  in  the  incjuiry  which  iornis  the  subject  of 
the  present  paper,  was  to  ascertain,  if  possible,  whether  there 
existed  any  difference  between  ihe  couipositiou  ol  the  ashes  of 
the  ordinary  flax  of  Ireland  and  the  finx  grown  in  those  ioca* 
litiea  In  Befgiuo),  where  thai  plant  is  known  to  yield  a  fibre  of 
ao  mueh  commercial  value.  Furtiier,  to  ascertain  the  compo* 
•tiion  of  the  aoib  of  those  districts,  in  order  to  compare  them 
with  the  soils  of  the  localities  in  Ireland  where  flax  is,  or  may 
h^  successfully  cultivated.  Finally,  as  it  is  known  that  in  the 
preparation  of  the  fibre  the  most  important  stage  consists  in 
the  steeping  or  retting  of  the  plant,  I  considered  it  of  the 
greatest  interest  to  trace,  if  possible,  whether  the  superior  qiin- 
lities  of  some  rivers  or  ponds  in  Belgium  could  be  connected 
with  any  peculiarity  of  clieinical  constitution.  For  thr  mate- 
rials and  specimens  neces^sary  for  these  investigations,  1  am 
indebted  to  the  kindness  and  Uberality  of  Mr.  Marshall  o{ 
Leeds;  who  was  anxious  also  to  connect  therewith  the  dis- 
cussion of  some  most  important  points  of  special  technical 
ajiplicatioDy  for  which,  however,  the  pressnre  of  other  avoca* 
lions  dkl  not  allow  me  time.  I  therefore  publish  the  results 
contained  in  the  present  paper,  solely  under  their  scientific 
relations  to  agricultural  chemistry  and  physiology,  and  shall 
not  enter  upon  any  considerations  belonging  to  manufacturing 
practice. 

Before  entering  into  the  description  of  the  numerical  re- 
s!i1ts  of  t!je  analyses.  I  tliink  it  better  to  premise  a  succinct 
notice  ot  the  modes  ot  aii;ily<?es  adopted  for  the  different  classes 
ot  substances,  ns  I  shall  thereby  be  enabled  to  avoid  a  great 
deal  of  repetition. 

1.  Qftke  Modet  qf  Jtnaltfses  med/ar  ike  Jshes,  Soili  and 

Waten,  ' 

The  preparation  of  the  flax-ashes  was  efleded  bv  choppbg 
up  the  plant  stems  into  moderately  small  hits,  and  then  cac^ 
bonizing  them  gently  in  a  Hessian  crocibie.  The  material  ao 
obtainea  was  further  incinerated  by  very  gentle  igoitioD  in  a 
platinum  capsule  over  a  gas  flame;  but  it  was  not  in  any  way 
sought  to  bum  off  all  cbarooai»  or  to  obtain  the  ash  perfectly 
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white,  as  such  would  require  fi  temperature  capable  of  mate- 
rially nherinn;  the  constitution  of  the  ash,  a  iact  of  which  I 
have  been  h)ng  aware,  and  wliich  has  latterly  fixed  the  atten. 
lion  of  several  chemists.  The  ash  so  prepai  ed  was  carefully 
dried  in  a  stove,  and  then  lieaieil  in  the  following  manner: — 

Dilute  muriatic  acid  having  been  poured  over  the  c^uuiuiiy 
of  ash  selected  for  analysis^  the  whole  was  heated  in  a  water* 
bath  until  it  dried  completely  down ;  water  was  then  added, 
and  when  the  soluble  materials  had  been  completely  taken  up, 
the  whole  was  thrown  upon  a  weighed  filter  and  the  liquor 
separated;  there  remained  upon  the  filter  such  particles  of 
sand  or  soil  as  had  been  adherent  to  the  plants,  the  unburned 
charcoal  of  the  a'^b,  and  the  silica  which  iiad  existed  in  the  ashy 
either  free  or  in  combuiaiion  with  alkaline  or  earthy  bases. 

The  weight  of  thii»  insoluble  residue  having  been  properly 
determined,  it  was  boiled  in  a  strong  solution  of  caustic  potash, 
by  which  all  the  proper  silica  of  the  asli  was  taken  up,  and 
the  residue  then  remaining  being  weighed,  gave  the  sand  and 
charcoali  the  silica  being  thus  determined  by  differencct 

The  muriatic  solution  was  then  divided  into  three  parts  for 
the  determination— 

1.  Of  the  alkaline  constituents. 

2.  Of  the  phosphoric  acidf  manganese,  alumina,  magnesia^ 

and  lime. 

8.  Of  the  sulphuric  acifl  nnd  oxide  of  iron. 

The  first  portion  of  solution  was  rendered  slightly  alkaline 
by  carbonate  of  ammonia,  and  then  mixed  wiiii  solution  of 
caustic  barvtes  in  excess,  and  allowed  to  stand  ibr  some  hours. 
By  this  means  ihe  sulpimric  and  phosphoric  acid  were  jierfcctly 
removed,  as  well  as  the  earthy  constituents,  except  a  small 
quantity  of  lime,  which  remainra  dissolved  in  a  caustic  state, 
and  which  was  then  perfectly  removed  by  the  addition  in  ex- 
cess of  a  mixture  of  caustic  and  carbonated  ammonia.  The 
liquor,  after  filtration,  was  evaporated  to  dryness,  and  the 
residue  gently  ignited,  when  the  ammoniacal  salts  were  pef^ 
fectly  expelled :  there  remained  the  alkalies  of  tlie  ash  as 
chlorides.  Thi^  residue  was  wcit^hed,  then  dissolved  in  water, 
.nnd  a  soluliou  o\  bichloride  of  [)lalinuni  added.  The  liquor 
and  precipitate  were  then  evaporated  nearly  to  dryness,  the 
potash  platinum  salt  washed  by  a  mixture  of  alcohol  and  aether, 
and  the  amount  of  platinum  determined  in  Lue  usual  way. 
The  soda  was  ascertained  by  subtracting  the  weight  of  the 
chloride  of  potassium  from  the  weight  of  the  mixed  chlorides, 
as  given  in  the  first  instance. 

To  the  second  portion  of  the  liquor  was  added  so  much 
ammonia  as  nearly  neutralized  it  without  produobg  any  per- 
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manent  precipitate*  A  quantity  of  perchloride  of  iron  was  then 
added)  and  acetate  of  potash^  until  a  deep  wine- red  colour  was 
produced ;  the  liquor  was  then  boiled  until  all  odour  of  ocetic 
acid  ceased,  and  a  copious  brown  ]>rf'cip?tntc  formed,  which 
was  separated  by  the  filter.  This  precipiiatL'  was  llien  re- 
dlssolved  in  muriatic  acid,  boiled  until  all  odour  of  acetic  acid 
ceased,  and  the  liquor  tlien  precipitated  by  ammonia.  The 
precipitate,  collected  on  a  iiiter,  was  dried,  ignited,  and  weighed, 
then  redissoived  by  muriatic  acid.  A  quantity  of  tartaric  acid 
was  added  to  tbe  liquor,  and  ammonia  then  added  in  eucli 
excess  as  to  ledissoWe  the  precipitace  which  first  forms*  To 
dbe  solution  thus  got»  hydrosulphuret  of  ammonia  was  added 
in  excess,  the  sulpnuret  of  iron  collected  on  a  filter,  and,  when 
washed)  redissolved  in  aqua  regist  The  peroxide  of  iron, 
precipitated  from  the  liquor  by  ammonia,  collected,  dried, 
i*^mited  and  weighed,  am]  its  weic^ht  subtracted  from  the  weight 
ol  the  basic  phosphate  previously  given,  determines  in  au  ab- 
solute manner  the  quantity  ot  pliosphoric  acid. 

To  the  liquor  trom  which  the  phosphoric  acid  had  been 
btipuraLed  by  tiie  means  described  above,  hydroaulphuret  of 
ammonia  was  added,  bv  which  a  precipitate  was  formed,  which 
was  collected,  and,  while  roois^  boiled  with  caustic  potash 
liquor  I  the  undissolved  matter  was  dissolved  in  muriatic  acid 
nearly  neutralized,  and  treated  with  benzoate  of  ammonia ;  by 
this  a  trace  of  iron,  generally  remaining  from  the  preceding 
process,  was  removed,  and  the  manganese  was  then  precipi- 
tated by  carbonate  of  ammonia,  collected,  ignited  and  weighed. 
The  potash  liquor  was  then  acidulated  by  muriatic  acid,  and 
the  alumina  which  it  hnd  dissolved  was  precipitated,  and  its 
quantity  determined  in  liie  usual  way. 

The  solution,  from  which  the  iron,  alumiriii,  and  manga- 
nese had  thus  been  separated  by  hydiosululiurel  of  ammonia, 
was  next  boiled  untu  all  odpur  of  sulpnuFetted  hydrogen 
ceased»  and  then  treated  with  oxahite  of  ammonia,  theoxalace 
of  lime  collected  was  gently  ignited  with  carbonate  of  ammonia, 
and  the  quandty  of  lime  determuiedt  The  liquor  was  then 
very  muoi  concentrated  by  evaporation,  and  treated  with 
phosphate  of  soda  and  ammonia,  set  aside  until  the  ammoniaco* 
raagnesian  phosphate  had  perfectly  deposited,  and  the  quan- 
tity of  ma^^nubi  a  determined  from  that  of  the  Intter  salt. 

The  tiurd  portion  ot  the  ash  iiquor  was  treated  with  Diiric 
acid,  so  as  perfectly  to  pLKxidizc  the  iron;  it  was  then  de- 
composed by  cidoride  of  barium,  by  which  all  the  sulphuric 
acid  was  separated  as  sulphate  of  barytcs,  collected  and  weighed. 
To  the  filtered  liquor  there  was  added  a  great  excess  of  phos- 
phate of  soda  ana  ammonia,  and  then  an  excess  of  acedc  add. 
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By  boiling,  tlie  whole  of  the  iron  separated  as  perphosphate, 
and  wns  collected,  ignited,  and  the  quantity  of  oxide  of  iron 
calculah  tl  f  i  t)in  its  weight. 

For  the  tleterniinntion  of  the  chlorine,  a  totally  distinct 
portion  of  ash  was  taken,  digested  with  water»  acidulated  with 
nitric  acid,  and  then  precipitated  with  nitrate  of  silver  in  the 
usual  way. 

It  will  be  observed  that,  in  all  its  main  features,  this  plan  , 
of  exannnation  of  the  ash  coincides  with  that  employed  by 
Will  and  Fresenius,  and  proposed  by  them  iu  their  memoir 
on  the  Composition  of  certain  Ashes.  It  is,  however,  that 
which  I  had  followed  in  all  niy  former  asli  analyses?,  except 
in  regard  to  the  determination  of  the  pitosphoric  acid,  ibr 
which  I  had  previously  made  use  of  the  method  proposed  by 
Schuize,  but  now  replaced  with  so  much  advantage  by  that 
invented  by  Will. 

It  is  necessary,  however,  to  remark,  that  the  composition 
of  the  perphosphate  of  iron,  given  by  Will,  and  upon  which  » 
he  founds  his  mode  of  determining  the  quantity  of  oxide  of 
iron,  has  been  contested  very  recently  by  Witistein,  who  has 
not  succeeded  in  preparing  that  salt  with  the  composition 
assigned  to  it  by  Will.  According  to  the  latter  chemist,  it 
consists,  in  its  anhydrous  form,  of  2Feg  O9+SPO5,  that  is, 

SFe^Og  ...  160  4289 
8PO5  ,    ...    213  57-11 

~S7S  100-00  , 

whilst  the  salt  uniformly  obtained  by  Uie  utiier  ciiemists  was 
Fe^Og+PO.s,  or 

Fe^  O3  ....    80  52-98 

PO5     ....    71  47-0« 

151  ItlOOO 
But  the  circumstances  of  preparation  of  the  tiilierent  salts  do 
not  appear  to  have  been  (piite  identical ;  and  1  do  not,  there- 
fore, reject  W  ill  b  numbers,  which  have  been,  moreover, 
verified  by  some  trials  made  in  my  owii  iabuiuLoiy.  1  have 
consequently  employed  his  formula  in  calculating  the  amount 
of  iron  in  the  different  materials;  but  it  is  easy  to  calculate, 
for  each  analysis,  the  change  (in  most  cases  trifling)  which  the 
employment  of  Wittstein's  lormuia  for  the  perpbos^ate  should 
introduce. 

In  the  examination  of  the  soils,  the  process  consisted,  first, 
in  mechanically  separating  the  sandy  and  gravelly  materials 
from  the  finely-divided  portion,  by  careful  elutriation  with  the 
siuallei»t  possible  quantity  of  pure  water.    This  having  been 
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done,  and  the  quantity  of  sand  determined  by  direct  weighinff» 
the  finely-divided  earthy  material  was  carefelly  dried  at  the 
highest  temperature  it  would  bear  without  its  organic  consti- 
tuents  bein^  injared»  and  then  weighed*   It  was  then  carefully 

but  gently  ignited  in  a  current  of  nir,  until  the  organic  mate- 
rials were  burned  out,  nnd  wns  then  again  weighed.  The  loss 
of  weight  gave  the  quantity  of  organic  substance,  together, 
however,  witli  some  traces  of  water,  from  which  the  soil  could 
not  be  previously  perfectly  freed. 

The  soil  was  then  subjected,  for  ilie  determination  of  its 
chemical  constituents,  to  precisely  the  same  general  plan  of 
treatment  which  I  have  descril)ed  in  the  case  of  the  ash.  The 
matter,  insoluble  in  muriatic  acid^  was  however  found  to  be 
(the  sand  and  organic  matters  having  been  previously  sepa- 
rated) ferruginous  clay,  which  it  was  not  necessary  further  to 
examine,  as  all  the  materials  of  importance^  in  studying  the 
chemical  nature  of  the  soil,  luul  been  taken  up  by  the  different 
solvents  used. 

In  the  case  of  the  waters,  the  quantity  employed  for  ana- 
lysis was,  with  one  exception,  about  two  gallons ;  in  that  case, 
owing  to  a  vessel  having  leakeil  (No.  3\  but  one  gallon  was 
employed.  The  waters  were,  in  tlie  first  instance,  very  care- 
fully hltered ;  and  where  any  sensible  quantity  of  sediment 
was  found  upon  the  filter,  its  nature  and  quantity  observed. 

The  water  was  then  evaporated,  at  first  upon  the  sand-batl), 
but  finally  upon  a  water-bath,  to  perfect  dryness,  and  the  re- 
sidue having  been  collected  and  dried  at  212^  was  weighed. 
It  was  then  incinerated ;  the  residue,  moistened  with  carbonate 
of  ammonia,  again  gently  ignited  and  weighed.  By  the  dif- 
ference of  w  ciirht,  the  quantity  of  organic  mritter  present  was 
ascertained  m  tiie  State  in  which  it  exists  when  dried  at  212"^ 
Faiuenheit. 

The  solid  material  thus  obtained  was  treated  witli  waier, 
until  all  soluble  salts  were  taken  up,  and  the  alkalies,  linie, 
magnesia,  with  sulphuric  and  muriatic  acids,  therein  deter- 
mined. The  undissolved  residue  was  next  treated  with  muri- 
atic acid,  and  the  amount  and  nature  of  the  earthy  substances 
talcen  up,  as  well  as  oxides  of  iron,  &c,  and  phosphoric  acid, 
if  any,  ascertained.  The  material  insoluble  in  muriatic  acid, 
when  present,  was  of  course  determined. 

The  detailed  modes  of  analyses  pursued  in  these  cases  were 
precisely  the  same  as  in  those  of  the  ashes  and  soils. 

In  carrying  out  the  greater  part  of  the  practical  details  of 
these  analytical  methods,  I  derived  valuable  aid  from  Mr. 
William  Sullivan,  then  my  private  assistant,  but  now  first 
cheoiicul  assiiiaiiL  in  the  Museum  of  Irish  industry,  founded 
by  Her  Majcai^'s  Government  in  Dublin. 
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BemUs  of  th$  Anah/ses  €ftht  Soib. 

The  general  charflcter  of  nil  the  soils  submitted  to  exuEiii- 
nation  was  that  of  li^ht^  bandj  loaiu^,  iu  some  uises  almost 
purel;^  sandy;  exc&ssivelj  loose  in  texture,  non-ooherent  and 
permettble:  nsiially  rich  In  oi^anie  oiatters  containing  nitro-> 
gen.  These  to\U  all  coloured  water  boiled  upon  tfaein»  and 
gave  to  it  A  sensible*  though  very  smallf  quantity  of  alluiliiie 
and  earthy  salts. 

A.  Soil  from  Heestert»  in  the  Courtrai  district 

Conposhton  per  cent. 

Potash   0*160 

Sodn   0-508 

Poroxidc  ol' iron     .    •    •    •  3*'29H 

Oxide  of  manganese   •   «   •  a  trace 

Alumina   S'102 

Lime   0*557 

Magnesia  .   0*202 

Sulphuric  acid   0*025 

Phosphoric  add.  .  «  .   •  0*191 

Chbride  of  sodium    •  •   .  0*017 
Organic  matter  and  water*! 
not  driven  off  at  912^  j 

Ciay   14^990 

Sand   75-080 


3' 128 


Lofli 


d9*703 
0-297 


100-000 

B.  Soil  from  Escamaffles,  some  of  the  very  best  flax  lands 
of  the  Courtrai  district:— 

Composition  per  cenC 
Potftsh  0*125 

Sodu  0'14-6 

Peroxitle  of  iron     .    .    ,  , 


Oxide  of  manganese 


1*663 

^  a  trace 

Alumina  «  T   1*S8S 

Lime   0*9S7 

Magnesia   0*153 

Sulphuric  acid   0*017 

Phosphoric  acid     .    ,^  ,    ,  0*152 

Chloride  of  sodium    /  ,   .  0*030 

Organic  matter  and  water\  2*361 

9*280 
84-065 

89*600 
•400 


not  driven  off  at  SIS''  J 

Clay  

Sand  


JLoss 


100-000 


Digitized  by 


48 


C.  Soil  from  Hamine  2Sog,  the  best  flax  land  id  the  Ant- 
werp district ; — 


Potaib.  •  •  . 
Sod«  *   .  . 

Peroxide  of  iron 
Oxide  of  manganese 
Alominft  .   •  • 

Lime    .    .    •  • 
Magnesia  .    .  • 
Sulphuric  acid  . 
Phospliui  ic  acid 
Chloride  of  sodium 
Organic  matter  and  waler  1 
not  expelled  at  212^  J 

Clay  5760 

Sand   86-797 


Oompoiitlon  per  cent 

.  O-OdB 

.  0110 

.  I'SOS 

•  a  trace 

.  1-125 

.  0-481 

.  0-14-0 

.  0*013 

.  0-064 

.  0-067 


4*S09 


Loss 


99-975 

•025 

100-OOG 


D.  Soil  from  %  district  prodocing  coane  flax  and  poor 

crops  generally:— « 

Co[uj[M)8ition  per  centt 

Potash  0-151 

8oda  0*206 

Peroxide  of  iron     ....  I"5i3 


Oxide  of  mani£aiit.se 


no  trace 


Alumina                          .  0*9S8 

Lime   0*866 

Magnesia  0*14^. 

Sulphuric  add  .   •   •   »  •  0*086 

Phosphoric  acid     •    «    •    •  0*188 

Chloride  of  sodium    .   .    .  0*008- 

Organic  matter  and  waterl  o.a^a 

not  exp^led  at  212^  «   J  ^ 

Clay  •  4-400 

Sand    .    /                      .  88-3S5 


100-081 
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E.  Soil  from  a  district  ia  HoUandi  where  flax  is  well- 
grown  ; — 

CoDipo&Uion  per  cent* 

Potash   0*583 

Soda   0-306 

Peroxide  c){  iron     ....  6'04-7 

Oxide  ol  maugunese    ...  a  liace 

Alumina  .......  5*626 

Lime   8*043 

Magnesia   0*105 

Su]})iuiric  acid   0*029 

Phosphoric  acid     «   •    »   •  0*159 

Chloride  of  sodium  •   •   •   .  0*023 

Oraanic  matter  and  water*!  _   .  . 

not  expelled  at  212°  .   J  ^ 

Clay   17-080 

Sand   60-947 

99*733 

Loss  0*217 

100-000 

Mr.  Marshall  was  also  kind  enough  to  forward  to  me  a  speci- 
men of  the  Vmd  of  soil  which  is  found  deposited  in  the  Humber, 
and  the  gradual  siUm^  u))  of  which  has  formed  the  extensive 
flat  districts  reclaimed  alonf^  that  eastern  coast.  This  speci- 
men of  soil,  or  warpf  as  ii  is  termed,  from  the  operation  by 
which  the  ^n  oiind  becomes  permanently  gained  from  the  sea, 
had  nut  yet  borne  any  crop.  It  is  from  Crowie,  in  Liucoiii- 
biiii e. 

Its  composition  per  cent*  was  found  to  be  as  follows 

Potash   0-534 

8oda   00S3 

Peroxide  of  iron    ....  4  .") 00 

Oxide  of  manganese  .    .    a  considerable  trace 

AliunuHi   3*0G5 

Lime   5-538 

Magnesia  0*052 

Sulphuric  acid   0*113 

Phosphoric  acid    .   •   .   «  0*222 

Chloride  of  sodium    .   .   .  0*067 
Organic  matter  and  water! 

not  expelled  at  212*»  .   J"  ^  328 

Sand   80*702 


100*204 
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By  these  analytical  resultSy  it  is  abundantly  evident  liow 
completely  due  to  artificial  means  is  the  fertility  of  those  dif- 
ferent Belgian  soils;  the  large  quantity  of  azotized  organic 

matterj  the  proportionally  large  quantities  of  phosphoric  acid 
and  rnap^nesia,  and  of  the  alkalies,  being  evidently  the  result 
of  tlic  copious  treatment  with  animal  mnnures,  to  which,  as  all 
persons  conversant  with  Flemish  agriculture  are  aware,  the 
soil  ill  Belgium  is  subjected.  This  will  become  still  murt; 
evident,  when  hereatttir  I  have  to  notice  the  course  of  cultiva- 
tion which  those  soils  are  made  to  undergo.  The  duty,  so 
important  in  the  preparation  of  our  Irish  soils  for  llaxy  of  di- 
viaing  the  soil  to  the  finest  possible  state,  and  rendering  it 
perfectly  friable  and  porous,  is  seen  by  the  above  results  to  be 
naturally  effected  in  the  Belgian  soils,  of  which  a  well-manured* 
incoherent  sand,  might  be  more  correctly  the  title;  none  of 
them  containing,  except  that  marked  A,  and  that  from  Hol- 
land, E,  as  much  clay  as  would  even  justify  the  title  of  a  light 
loam.  There  is,  therefore,  no  doubt  but  thnt  the  soils  most 
adapted  for  the  successful  growth  of  flax  are  of  this  very  light 
and  porous  character;  and  that,  in  the  selection  of  districts  in 
this  country  into  which  the  flax  culture  may  be  extended,  this 
quality  of  lightness  and  permeability  of  soil  is  of  the  first  im- 
portance. 

The  ouantity  of  lime  contained  in  the  Belgian  soils  will  be 
observed  to  be  extremely  small ;  but  in  thnt  from  Holland 
and  from  the  Lincolnshire  warped  land  it  is  much  larger,  in- 
deed so  as  to  constitute  the  most  dominant  earthy  material. 
This  has  evidently  had  its  cause  in  the  source  from  whence 
these  soils  were  derived,  the  silt  deposited  in  shallow,  (juiesct  nt 
waters  by  the  sea,  and  which  contains,  mixed  with  sand,  a 
proportion  of  comminuted  shells  or  chalk.  There  is  no  posi- 
tive evidence  that  this  amount  of  lime  is  connected  with  any 
decided  inferiority  in  the  flax ;  but  it  is  still  worthy  of  atten- 
tion, that  the  soil  of  the  districts  which  have  been  longest  and 
best  known  for  the  production  of  good  flax  have  but  a  mere 
trace  of  lime  in  their  constitution. 

The  comparatively  large  quantity  of  magnesia  which  the 
Belgian  soils  contain,  and  which  rs  so  remarkably  contrasted 
with  its  inferior  proportion  in  the  warp  soil,  is,  in  my  opinion, 
produced  by  the  artificial  manuring  by  animal  liquids;  and 
to  this  source  also  I  attribute  the  great  richness  of  these  soils 
in  phosphoric  acid. 

[To  be  contioued.J 
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VH,  Ou  the  Colouring  Matters  UodilSTn 
Bif  Dr.  ScuuNCK*. 

THE  organic  colouring  matters  present  tuch  a  wide  Held  for  In- 
(juiry,  that  it  would  require  tiic  labour  of  years  to  fTinWe  one 
person  fully  to  t  luuidate  tiieir  properties,  or  even  to  briuu:  Ull^  iU  part- 
meut  of  urguuic  chemistry  iuto  a  sUte  ordevelopmeutprupuiuouate  ^ 
to  tbepMient  condition  of  the  tdence.  The  iabntanoet  imdnded  under 
the  nnme  or  coluuriog  matten  by  no  mouu  agree  in  their  ohemMaJ 
characterittiof ;  tliey  merely  coincide  in  being  poe8es«ed  of  ceitun 
vivid  colours,  or  in  giving  rise  to  coloured  compounds:.    Strictly  con. 
ptdfTcd,  sonu'  of  thcni  ought  to  be  classed  among  tiie  resins  and  f^tlu  rs 
among  the  extractive  matters;  and  on  the  other  hand,  if  ne  attempt 
a  deflnitioD  of  the  class  according  to  their  ciiemical  characteristics, 
we  ihnll  find  It  impoaaiUe  (o  exdade  n  large  nnmber  of  bodiet,  whioh, 
lihe  tannin  and  oateeMnt  are  eapabia  of  giving  rue  utuier  peculiar 
circuoMtaiic^  to  brown  substances,  which  in  nowine  differ  in  their 
general  properties  from  tlto  bright  red  colouring  matters  of  archil, 
logwood,  &'c.    Some  ct^lnunng  nmtters  are  presented  to  us  ready 
i'ormud  in  the  ditfercnt  parts  ot  piauu>  and  animals;  olbcra  are  pro- 
dttoed  artifleially  fk-otu  colourless  subetances,  which  undergo  very 
complex  changes  during  the  proceie;  others  arise  spontaneously 
during  the  first  stages  of  oxidation  or  putrefaction  following  the  ex- 
tinction of  organie  life.    In  the  investigation  of  substances  thus 
widely  diticring  in  prop(  rties  and  formation,  it  w  ould  bf»  vain  to 
expect  at  present  unytlnng  approaching  to  general  results  in  regard 
^  to  the  class  as  a  whole.    I  must  therefore  content  myself  on  thia 

oeoaaiiNi  wlUi  giving  »  thort  aoominl  of  the  resniti  of  eone  ex* 
perineola  which  I  have  made  on  one  branoh  of  the  subject,  at  tli* 
tame  time  apologiaiDg  for  their  present  vague  and  undefined  natnna* 

I  have  directed  my  attention  in  the  first  instance  to  madder,  partly 
because  the  colouring  mnttors  runtaincd  in  it  are  almost  unknown, 
or  rather  worse  Uian  uni^nown,  viz.  Icnovvn  ui  sneh  a  manner  as 
merely  to  mislead  those  who  wish  to  inform  themselves  by  the  ac» 
connts  giTen  of  them,  and  partly  because  madder  is  an  article  of  sQeh 
an  immense  Importance  in  the  art  of  dyeing  that  e\*ery  dlseovery  in 
valation  to  it  acquires  immediately  a  practical  Ixjaring. 

It  will  be  unnecessary  for  me  to  allude  to  the  former  nunierons 
investigations  of  ujadder,  except  so  far  as  to  nu  iiH  in  that  Hobnpiet 
discovt^red  in  it  a  crystallised  vuiatile  colouriug  uiuUer,  which  he 
oaUed  JM^airvt^  and  that  Bunge  described  fire  ooburing  mattsn 
wbioh  be  obtained  from  it»  viz.  madder  purple^  madder  rA  maddtr 
arangct  maddtr  yellow  and  tnadder  brown,  I  may  here  state  as  one 
result  of  my  investigation,  that  I  agree  with  Runge  in  thinking  that 
there  is  more  than  '>nr'  colouring  matter  in  madder,  thoinjh  I  am  of 
opinion  that  the  substances  wliicii  he  enumerates  and  describes  are 
not  pure.  Before  however  entering  ou  this  part  of  the  sul^ect,  I 
aball  first  give  the  resolts  at  which  I  have  arrived  in  regard  to  di»> 

*  From  Keport  of  British  Associatioa  for  1846, 
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Kann.  Allznriii  fs  doubtless  the  most  intereBtirif^  and  the  most 
definite  in  it:i  nature  of  uU  the  substuncos  eontaintid  in  ntaddt^r.  It 
also  pi-esenta  it«eli'  tite  mofit  t^atiilv  to  tiie  observer  even  on  the  most 
•nperficial  examination,  ir  we  uwt  madikr  iprwd  out  in  fi  tbio 
Ujrer  on  %  metal  plate  without  carrying  tbe  heal  far  enough  to  ohar 
the  wiiody  parte  of  the  root,  we  shall  in  the  eottiM  of  a  few  hoore 
find  its  surface  covered  with  small  red  or  orange-colourcd  crystals, 
which  consist  of  uiizurin.  In  the  same  way  any  extract  of  madder, 
whether  with  water,  alcohol  or  alkalies,  evaporated  to  drynciis  and 
geotly  heated,  gives  a  crystalline  sublimate  of  alizarin,  which  is  va- 
rionilj  eoloured  from  a  light  yellow  to  a  dark  led  or  brown.  Now 
one  of  the  first  poinla  to  be  ascertained  in  Kgard  to  this  body  waa 
whether  it  exists  m  such  io  the  root,  or  whether  it  is  formed  by  the 
processor  sublimation.  Robiquet,  the  discoverer,  Ptntes  that  it  pre- 
exixt^in  tlie  plant.  lie  eonsidereti  alizarin  as  tho  colouring  princijile 
ol  madder,  and  merely  subjected  it  to  sublimation  for  tlie  purpose 
of  porilVing  it.  But  his  investigation  preaente  ne  with  no  oonvinoing  . 
proof  of  this  opinion,  for  the  extract  of  madder  with  water»  aleohoC 
from  which  he  preparea  hie  allaarin  fay  tttblimation»  thows  no 
trace  of  anything  crystalline;  and  many  chcmist-s  have  asscrtcf!  in 
consequence  that  it  is  a  product  of  decomposition,  being  fm  ined  by 
the  action  of  heat  in  the  same  way  a:i  pyro^allie,  f^vrotartaric  acid, 
and  many  utber  budiei*.    1  have  however  no  litjiitalion  in  atbrmiug 

that  it  exiita  in  the  plant  as  aneh,  having  in  more  than  one  way  ob« 

tained  it  in  a  oryatallized  state  without  tbe  intervention  of  heat. 
If  we  make  an  extract  of  madder  with  cold  wateri  we  obtain  a  brown 
fluid  which  produces  no  reaction  on  test-paper.  After  lu  inn;  ex- 
posed however  to  the  action  of  the  ntiiiosj)here  for  some  iiours,  it 
ac(piire^  a  distinctly  acid  reaction;  and  if  it  be  now  examined  caie* 
fully,  there  will  be  found  floating  about  in  it  a  number  of  long  hair- 
like  ihining  crystals  t  tfaeie  oryatele  are  alixarin.  If  tbe  flnid  be  itill 
fbrther  expoeed  to  the  ioflnenoe  of  the  atmosphere,  a  yellow  amor* 
phous  substance  begins  to  separate,  which  I  shall  mention  afterwards. 
This  is  succeeded  by  a  gelatinous  substance,  and  nftf  r  some  days  a 
complete  state  of  j)utrefaetion  ensues.  It  Keeius  lu-  if  tin  ali;£ariu  in 
madder,  ur  at  all  eveutii  that  part  which  dissolves  in  liic  water,  eiusts 
in  combination  with  lime^  On  expoaora  to  the  atn)aephere>  there 
ii  formed,  from  aome  eonatttuent  of  the  root  dintolved  in  the  fluid 
through  the  instrumentalitT  of  the  oxygeni  acme  acid,  which  peiaea 
linld  of  the  lime  in  the  solution  and  separates  tin;  bodies  which  are 
combined  with  the  lime.  Now  the  alizarin,  being  a  body  of  very 
slightly  acid  properties,  is  separated  iirst,  and  the  other  substances 
folbw  in  succession.  The  fresher  the  madder  ifl,  the  purer  will  be 
tbe  aliaarin,  which  aeparatea  on  eipoanre  to  the  atmoapbero  t  in  acme 
instances  it  forms  on  the  surface  of  the  fluid  a  thick  light  yellow 
scum;  but  in  most  cases  it  is  mixed  uith  brown  or  red  substances, 
from  which  it  is  separated  with  diibcidty.  It  is  therefore  most 
advisal>le  to  separate  tlie  crystals  wliieh  nre  deposited  Hf'ter  twelve 
hours'  staudinu,  by  tiltratiun,    Tltebu  ci)»iuls  aru  then  waiiiifd  fruui 

tb«  ftittf  ittd  EdM  with  very  dilate  nitrio  acid  until  they  have  be- 
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come  of  a  briglit  yellow  colonr.  They  are  then  rli^?nlvp(1  in  boiling 
alcohol,  from  v  hirh  th*  v  parate  on  cooling  in  yellow  transparent 
plates  and  ut^etiies  liavuig  a  .strong  lustre.  Alizarin  |)ieparcd  in 
this  way  has  the  foUowiDg  properties : — It  had  a  pure  Yelluw  colour 
without  any  admimture  of  rad.  It  may  be  volatiliied  without  UaiiDg 
any  teadue;  The  vapour  crystallixet  on  oooUng  in  beantiful  ydkiw 
pktee  and  needles.  It  suAbii  liardly  any  change  if  exposed  to  tbe 

a('tif»n  of  the  m(>*<t  powornil  rt  n^iput?;.  It  (H«;«sfOvf=  ^vithont  change 
in  ci>l<l  (  (Mice  iiiiatt  d  sulpliutit  aci  l.  Concentrated  iiitrie  acid  hartily 
i^ects  it  even  on  boiling.  It  i.s  not  changed  by  chlorine.  It  is  in- 
Bolnble  in  water,  but  soluble  in  alcohol  with  a  yellow  colour.  It 
dissolves  in  alkalies  with  a  beantiful  purple  oolour.  Its  eomponnds 
with  the  alkaline  earths  are  ml  and  sUghtlv  soluble  in  water.  Its 
compounds  with  the  earths  and  metallic  oxides  are  insoluble  in  water 
and  exhibit  different  shades  of  red.  It  imparts  no  colour  to  r'V>th 
mordanti  (I  with  acetate  of  alumina  or  oxide  of  iron,  on  account  id' 
its  insolubility  iu  water.  Very  little  alizarin  is  obtained  in  this  way  ; 
perhajis  one  1  gr.  from  1  lb.  of  madder»  though  there  is  more  or  it 
oontamed  in  the  root. 

I  shall  now  shortly  describe  two  other  colouring  matters  which  I 
have  obtained  from  madder.  If  an  extract  of  mad(^pr  he  ii^ade  with 
hot  or  cold  water,  and  a  strong  acid,  surh  ns  muriatic  or  sulphuric 
acid,  be  added  to  the  iluid,  a  dark  rcddisli-browu  flocculent  preci- 
pitate is  produced.  This  precipitate  was  separated  by  filtration  and 
washed  until  the  seid  was  remoTed.  On  being  treated  with  boiliog 
watefi  a  part  of  it  dissolves  with  a  brown  colour.  On  adding  a  few 
drops  of  acid  to  the  filtered  solution  a  dark  brown  precipitate  is 
produced,  wbicli  sf-pnT^  to  me  to  be  a  peculiar  colouring  matter 
similar  in  its  properties  to  orcein,  lieniatin  and  other  soluble  colour- 
ing matters.  It  dissolves  in  alkalies  w  ith  a  red  colour,  and  is  capable 
of  imparting  very  Uvety  colours  to  mordsnted  doth.  As  ihr  as  I 
am  aware  it  has  not  been  described  in  the  foimer  investigBtioar  of 
tfaiisutject,  though  itiicems  to  be  the  principal  substance  eoncerned 
in  the  production  of  the  colours  for  which  madder  is  used  in  the 
arts.  I  have  however  only  examined  it  very  slightly  as  yet.  The 
residue  left  behiud  by  the  boiling  water  was  treated  witii  dilute 
boiling  nitric  acid,  by  which  every  trace  of  the  preceding  substance  is 
destroyed,  and  the  residue  itself  aconires  a  bright  yellow  colour 
and  a  more  powdery  consistence.  This  Yellow  powder  contains 
alizarin,  as  is  shown  by  its  giving  cr}'stals  of  that  substance  on 
being  gently  heah-'l :  in  fact  it  contains  all  the  ;ilT/nrin  of  the  root, 
but  mixed  with  anotiier  sul  i^t  usee  of  an  amorpiious  nature  but  very 
Minilar  properticii,  from  w  hicli  it  is  difficult  to  separate  it.  By  crys- 
tallising from  aloobol  no  separation  can  be  ejected,  as  they  are  both 
about  equally  soluble  in  that  menstruum.  They  also  behave  in  a 
similar  manner  towards  the  alkalies,  the  earths  and  mmt  of  the  me- 
tallic oxides.  I  have  hitherto  only  succeeded  in  di<rovering  one 
method  of  separating  them,  which  is  as  follows  :-^Thi  inixture  of  the 
two  is  dissolved  in  a  little  caustic  potash.  To  the  solution  is  added 
perebloridc  of  iron,  which  produces  a  dark  reddish-brown  precipl- 
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tatc  consisting  of  peroxide  of  iron  in  combination  with  the  two  sub- 
Btances.  Now  on  boiling  this  pr(  cipitafc  witli  n?i  ])crrh!o- 
rideof  iron,  the  alizarateof  iron  dissolves,  tonuing  a  dark  hmw  ii  so- 
lution, while  the  iroa  compound  of  the  other  substance  rcmaius 
behind.  On  adding  nrariilie  aeid  to  the  filtered  solution,  tlie  aliiaritt 
separates  in  yellow  flocks  and  maj  be  porified  bj  eryttallitttion  from 
alcohol.  The  other  substance,  to  which  I  have  not  yet  given  a 
nn?Tif^,  is  obtained  !>v  f!cronipo*:ing its  iron  compoun<!.  M  !iir!t  remains 
behind  on  trcrtting  with  perchloride  of  iron,  wiili  rmu  iatic  acid,  and 
washing  till  ail  the  oxide  of  iron  is  removed.  It  seeius  also  to  be  a 
odonriiMr  matter,  as  it  di^lves  with  a  red  colour  iu  alkalies  and 
pives  fed  eonpoonds  with  tiM  earths  and  metallle  oxides.  It  is 
insoluble  in  watery  bnt  soluble  in  alcohol  with  a  yeliow  ooloor.  It 
therefore  resembles  the  resins  in  its  general  properties.  It  cannot 
be  obtained  in  n  erystallized  state.  From  a  not  cortcpiitriited  solu» 
tion  in  alrohol  it  st  parates  on  cooling  as  a  yellow  powder*  It  tm- 
parts  no  colour  to  mordanted  cloth. 

VIIL  Camparaiioe  AmUynt  cfthe  Urine  qfthe  Calf  and  ike 

SheepK 

MBRACONNOT  finds  that  the  urine  of  the  calf, 
•    nourished  by  the  millc  of  die  mother,  consists  of-» 

Anrimoniac()-nKin;iu>sian  phosphate    •    •    •    •  018 

Chloride  ot  putasaium   3*22 

Sulphate  of  potash 
Urinary  aiHinal  matter! 
Urea  .....      j    •   •   •  )• 

Pho^hate  of  iron  

Phosphate  of  lime  •  

Phosphate  of  potash  

Combaslibie  acid  combined  with  potesh  > 

Silica  

Mucus  «   •  • 

Chloride  of  sodium  ?  

Water   •  993-80 

1000*00 

A  litre  of  the  urine  of  the  sheep  yielded<^  . 

Chloride  of  potassium   ••••  6*13 

SuIpliiUc  ol  potasfj   «  3*74« 

CarboDale  ol  magnesia  I*4U 

Urea  ^ 

Urinary  animal  matter 
Hipporate  of  potash     .  . 
Bicarbonate  of  potash  •  • 
Carbonate  of  Hme    •   •  • 

Mucus  *  

Oxide  of  iron  .... 

•  From  the  Annaic  :  d,-  Chimle  et  de  Plit/supie,  Jain  1847. 
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50        Mr«  Hind  on  ike  expected  Beappettnanee  of 

IX»  On  the  expected  Reappearance  of  the  celebrated  Comet 
l26^aMdl5&e.  BjfUr.HimDK 

^'^HE  time  is  now  near  at  hand  when  the  return  of  the  oonet 
^  of  1204  and  1556,  atgnalifted  by  Mr.  Dnnthome  and  M. 

Finer  re,  mny  be  expected  to  take  place.  It  is  therefore  d^ 
sirable  that  observers  should  be  In  possession  of  everything 
that  may  tend  to  facilitate  their  search  for  the  comet ;  and  1 
venture  to  comniuniciM  to  the  Society  the  results  of  some  re- 
cent calculations  of  my  own  on  the  subject,  preceded  by  a  very 
bricfview  of  the  principal  circumstances  connected  with  former 
i[  P  n  ances  of  the  comet,  and  a  short  notice  of  calculations 
uireadv  piihli«^hed. 

**The  f^reat  and  celebrated  coiuel "  of  1264,  ns  Pingr^ 
terms  it,  is  nienLioi.ed  by  nearly  all  the  Ein-opcan  lii<?torianR 
of  llie  time,  and  was  observetl  by  the  asti  oiiuincrs  of  the  dy- 
naslies  then  reigning  in  the  north  and  south  of  China.  It  is 
described  as  pr«!senting  a  most  imposing  a{)pearance,  with  a 
tail  100^  in  length,  stretching  from  the  east  part  of  the mid> 
hea?en.''  The  comet  was  of  surprising  ma^nitudei"  far 
exceeding  any  remembered  by  those  who  beheld  it.  Conteni-> 
porary  writers  generally  considered  it  the  precursor  of  the 
death  of  Pope  Urban  IV.,  and  many  of  them  relate  that  it 
disappeared  on  the  same  night  that  the  pope  died,  or  on  Oc* 
tober  2 ;  thus,  in  the  words  of  Thierri  de  Vaucouleur% 

"Quo  (Urbaiio)  moricntc,  veliit  mortem  cognCMCeret ^01^ 

Appareiis  iiiiiiiinij  Stella  comata  fiiit." 

In  1556  the  nppenrance  of  the  comet  \vn<s  not  on  the  same 
scale  of  splencloui  a?,  in  12G1-,  but  still  was  Milliciently  ini[)oving 
to  call  forth  Ironi  historians  the  epithets  '"lugens  et  luciilum 
sidus."  It  was  observed  by  Paul  Fabricius,  a  mathematician 
and  pliv'sician  at  the  court  of  the  emperor  Charles  V.  of  Au- 
stria. M.  Pinsr^  the  celebrated  cometographer,  sought  In  Taiii 
for  the  original  observations;  the  only  information  he  could  find 
on  the  subject  was  contained  in  a  small  rough  chart  foond  in 
Lycosthenes  and  other  authors.  1  have  hewnf  suggested  the 
probability  that  these  observations  were  given  by  Fabricius  in 
his  work  upon  the  comet,  published  at  Niirnberg  in  1556,  and 
mentioned  by  Lalande  in  his  Bibliographie ;  but,  as  far  ns  I 
am  aware,  this  work  has  not  been  discovered  in  any  library'. 
M.  Pinfjre  would  have  at  his  con)  ni  and  the  splendid  col  lec- 
tio; is  ol  St.  Genevieve  and  the  Koyal  Library  at  Paris ;  and  his 
inetfectual  -(  ;ii  ch  tor  the  observations  in  these  libraries  makes 
it  at  least  iluui>iriil  whether  they  are  now  in  existence.  The 
eiiuit  just  lijenlioncd  enables  us  to  Ibrni  a  tolerably  definite 

•  From  the  ProcceUiagi  of  the  Rojtl  AitraoooiiaU  Sod«tjr»  NcK  14. 
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idea  of  the  path  followed  by  the  to»uet,  and  we  have  ample 
Infornmiion  for  a  rough  determination  of  the  elements.  , 

When  Malley  pubiii.hct!  his  Synopsis  of  Cometary  Astro- 
nomy, he  gave  a  set  of  parabolic  elements  fur  the  comet  of 
15565  founded  upon  tlieoDMrntionsmade  by  Paul  Fabricius; 
but  be  remarks  tnat  these  elements  are  not  so  certain  as  those 
of  other  comets  he  had  computed)  the  observations  being  made 
^neitlier  with  sufficient  instruments  nor  due  carcy"  and  by  no 
means  to  be  reconciled  with  any  r^lar  calculation. 

The  elements  of  the  comet  of  1864  were  first  computed  by 
Mn  Dunthorne.  His  discussion  of  the  observations  and  cir- 
cumstances relating  to  the  comet's  apparition  are  published  in 
vol.  xlvii.  of  the  P)i!]o»;ophical  Transactiofis.  The  elements 
are  chiefly  tomnhd  on  the  anthorily  of  a  manuscript  preserved 
in  the  library  ot  Tembroke  Hall  College,  Cambridge,  entitled 
Tractalm  Jratris  ^gidii  de  Comet  is.  But  it  must  be  observed 
there  are  manitest  contradictions  in  ihis  account  not  easily  set 
right.  The  other  authorities  consulted  were  ilie  C/ironican 
Sampetrimm  Erphurtense  and  the  Chronicle  of  John  Vitodu- 
ranus*  The  orbit  deduced  by  Mr.  Dunthorne  much  resem<" 
bles  that  calculated  b^'  Halley  lb?  the  comet  of  1556. 

In  the  Memoirs  of  the  Royal  Academy  of  Sciences  at  Paris 
for  176O9  appears  a  valuable  memoir  by  M*  Pingr^  on  the 
oomet  of  1264.  After  collecting  together  a  great  number  of 
accxMints  from  different  chronicles  and  histories  of  the  dayi 
he  proctseds  to  the  discussion  of  the  elements.  The  contra- 
diction in  the  Cambridge  manuscript  which  relates-  to  the 
comet's  motion  in  longitude  is  pointed  out  ;  nud  since  this 
manuscript  \vn«;  Mr.  Dunthorne*s  chief  authority,  it  might  be 
supposed  ihn[  orh\{  would  differ  entirely  from  M.  Pingre's. 
This,  houcvci,  was  HuL  the  ca'^e;  for  although  there  are  dif^ 
fcrences  ul  M>iiic  moinent  in  one  or  two  of  the  elements,  there 
is  still  a  striking  similarity  between  the  two  orbits  taken  as  a 
whole,  and  M.  Pingre's  approaches  much  nearer  tban  Mr. 
Dunthome's  to  the  orbit  of  the  comet  of  1556.  A  closer 
agreement  might  have  been  produced  if  he  had  not  "wished  to 
preserve  the  path  laid  down  by  Thierri  de  Vaucouleurs  with 
as  little  alteration  as  possible.  M.  Pingr^  concludes  from  his 
researches  that  there  is  littledoubtof  the  identity  of  the  comets 
of  1864  and  1556,  nnd,  therefore^  that  the  return  to  perihelion 
may  be  expected  to  take  place  in  the  year  18^8,  In  No.  493 
of  the  Ash'onomischc  Nachrichtcn  will  be  found  the  results  of 
my  first  caliMil:>f '  relating  to  this  comet.  I  have  there  de- 
tluced  elements  from  the  observations  by  Fabricius  in  1556, 
and  computed  an  ephemeris  lor  comparison  with  the  comet's 
observed  path.  The  nrrreemenl,  though  not  so  close  as  could 
be  wished}  was  the  best  ihat  could  be  ubluined  iium  the  dalu 
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given  by  M.  Pingr^  in  his  Cametographi^,   I  then  fedncedthe 

elementt  to  the  year  1864^  and  wiOi  the  asnttanoe  of  a  patM^ 

in  Tbierri't  poem,  I  fixed  the  time  of  perihelion  for  July  9^ 

(old  style}.   The  pattage  allnded  to  u  as  follows 

"Undecimumque  graduin  Phcebo  supertals  Leoni^ 
Ter  deno  Cancrt  reilitit  iUa  loco.*' 

Willi  M.  Pingr^  I  have  understood  by  Ter  deno  Cancri," 
the  J  20th  degree  of  longitude;  but  I  am  not  qaite  sure  thst 

thl<;  is  the  true  interpretation. 

With  perihelion  and  node  reduced  as  before  stated,  and  the 
other  elements  ns  for  1556,  an  ephemeris  of  the  comet's  ceo- 
centric  path  in  1264  was  computed.  During  the  month  of 
July,  calculation  and  t*bseivatiou  agree  pretty  well;  but  after 
the  beginnin«T  of  Au«_riist  the  theoretical  places  entirely  differ 
from  the  })ositions  oi  liic  comet,  as  deduced  from  the  accounts. 
Instead  of  travel  sing  Orion  towards  the  end  of  its  appearance^ 
as  some  historians  relate,  it  would  take  a  higher  aedinalioDi 
passing  through  Aar^  and  Taurus. 

Since  the  publication  of  this  paper  in  the  Aitronomiedke 
Nadkrickien^  1  have  made  some  further  uivestigations  on  the 
subjecti  and  with  more  success  than  in  my  first  calculations. 
A  closer  comparison  of  data  showed  pretty  clearly  that  the 
observation  of  March  5,  on  which  I  had  chiefly  relied,  must 
be  erroneous  as  it  is  given  by  M.  Plngre.  In  tome  i.  of  his 
Cometogra phy^  p.  503,  we  lenni  (hat  on  Mnrch  5  the  comet 
was  alnioat  in  the  right  line  juining  liie  star>  y  and  5  Virginis, 
and  was  equidistant  from  the  stars.  A  ingoiiometrical  cal- 
culation from  these  data  gives  tiie  place  of  the  romet  in  lon- 
glLudc  i8S    l',  and  laULude  li>',  and  this  poaiuou  was 

employed  in  my  earlier  investigations.  But  I  have  recently 
satisfied  myseU*,  that  the  obser?ation  as  given  above  cannot  liie 
reconciled  with  those  of  March  S  and  4,  and  on  subseouent 
days,  by  any  set  of  elements.  The  cause  of  this  anomaly  ia^ 
I  believe,  an  error  in  the  name  of  the  star.  If  instead  of  y 
and  Virginis  we  rend  S  and  0,  then  the  place  of  the  comet 
wottk!  be  in  longitude  188^  41^  and  latitude  +5°  13'»  which 
agrees  very  well  with  the  track  which  the  cometought  to  have 
Ibilowed,  according  to  the  other  observations. 

A  recalculation  of  the  elements  from  an  interpolated  posi- 
tion tor  March  5,  and  from  those  of  March  9  and  14»  gives 
the  tullowing  values: — 

Pawagc  through  perihelion,  13d6,  April  2i^  0233,  G.  M.T,  £OiU  ftljle.] 

Longitude  of  perihdion   £74  14*0  1  r.  ^ikm 

AM«iKliii£  nodii   1 76  25-8  /  « 

IndhMtioa   80  \91t 

Lqg.  IcMt  diitsnce   e-7M3 

MotHHI  difoct. 
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The  following  enhemeris  of  the  comet  for  the  appearance 
ia  155^  Oreenwidi  mean  midoighty  old  style,  ii  dedfoced  from 
these  dements:— 


1836. 

Oeo.  lan§. 

Lof.r. 

A. 

Ifaich  8 

188  13 

+  1  u 

00732 

01 93 

4 

18^^  0 

3  40 

00670 

0175 

5 

lb7  44 

6  45 

0-0606 

0157 

6 

187  22 

10  36 

00541 

0-140 

7 

186  54 

15  29 

00476 

01 24 

8 

186  14 

21  43 

00409 

0109 

0 

185  18 

£9  4'J 

003 4 1 

0096 

10 

lb3  49 

40  1^ 

0027;^ 

0085 

.  11 

181  11 

52  50 

0-0301 

0*078 

12 

m  21 

67  5 

0  0130 

0075 

13 

153  35 

80  20 

0  0057 

0-078 

U 

55  19 

b2  30 

9-9983 

0085 

16 

«7  16 

73  06 

9-9908 

0-096 

16 

20  37 

65  30 

99831 

0108 

17 

17  44 

59  16 

99753 

0122 

27 

12  19 

34  58 

9-8903 

0302 

April  6 

IS  7 

£7  1 

9-7959 

0-506 

16 

14  13 

20  30 

97178 

0  733 

26 

19  \2 

+13  53 

97130 

0-974 

If  this  ephemeris  be  compared  with  the  descriptions  of  die 
comet's  apparent  path  in  the  heavens,  we  shall  find  the  a<^ice- 
roent  as  close  as  could  be  eipected,  considering  the  uncer- 
tainty and  irr^larity  of  the  data. 

With  the  above  elements  reduced  to  1864y  the  time  of  pe- 
rihelion was  found  to  be  July  1 3*42,  i.  e.  assuming  with  Pingr^ 
that  the  comet  was  In  longitude  1 20*^  when  the  sun  had  reached 
the  1 1th  degree  of  Leo,  according  to  the  narration  of  Thierri 
de  Vaucooleurs.  The  geocentric  places  of  the  comet,  Green- 
wich mean  midnight,  ok!  style,  would  then  be  as  follows > 


Oidtiyte. 

Geo.  long. 

Geoc.  lat. 

r. 

A' 

July  7 

138  10 

+  L8  14 

0-53 

0-82 

17 
33 

132  36 

22  9 

0*51 

0-62 

136  39 

31  54 

0-55 

0-55 

27 

118  36 

20  14 

0-61 

0-48 

Aiig.  6 

101  14 

+  10  17 

075 

0-41 

16 

85  23 

—  3  47 

0-92 

039 

36 

70  47 

17  10 

1*09 

0*48 

Sept.  5 

56  .39 

37  8 

1-26 

0-48 

15 

43  11 

33  4 

1-43 

0-67 

25 

31  35 

35  26 

159 

0*69 

Oct.  5 

33  47 

'35  80 

1-75 

0-34 

If  we  are  to  depend  solely  on  the  European  accounts  of 
this  comet's  path,  the  above  is  liable  to  two  objections :  first, 
too  high  a  dedinatioD  in  August;  and  secondly,  thai  tbeposi- 
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tions  are  la  Eridanus  duiuig  the  latter  part  of  the  comet's 
apparition;  historians  generally  contenting  themselves  with 
stating  that  the  comet  "finally  traversed  Oriu/i."  M.  Pingre's 
elements,  w  iucli  urc  not  open  to  these  objections,  do  not  agree 
so  well  as  mine  with  the  more  circumstantial  details  lefl  us  in 
the  Chinese  annals.  The  two  orbits  differ  chiefly  in  the  lon^ 
gitude  of  the  node  and  perihelion  distance,  but  the  discord- 
ances are  by  no  means  great. 

The  results  of  my  calculations  have  satisfied  me  that  the 
comet  of  1264  was,  in  ail  probability,  the  same  as  that  of  15S69 
and  consequently,  that  its  return  to  perihelion  must  be  very 
near  at  hand.  The  nodes  of  the  comet's  orbit  lie  very  close 
to  I  lie  earth's  path.  The  ascend  iu  tr  node  is  passed  fifty  days 
before  perihelion,  the  radius  veeici  hcini^  1*193,  and  conse- 
(juenlly  the  ilistance  outside  the  taiili  ,-.  orbit  about  0*197. 
The  passage  through  descending  node  occurs  31  i  days  after 
perihelion,  and  the  distance  of  the  point  from  the  earth's  orbit 
inside  is  0*126.  However,  the  nearest  approach  of  the  comet 
to  the  earth  will  not  happen  at  the  nodes,  but  soon  after  its 
passage  through  them;  thus  in  1556  the  least  distance  between 
the  two  bodies  was  0*074',  nine  davs  after  the  transit  tlirough 
ascending  node.  The  effect  of  tliis  close  proximity  to  our 
globe  on  the  period  of  revolution  of  the  comet  has  been  invt  s* 
tigated  by  Professijr  Mii'dler,  of  the  Dorpat  Observatx)ry,  us 
detailed  in  No.  501  ol  the  Astronomische  Nachrichten\  it 
amounted  to  days  only,  and  the  return  of  the  comet  to 
perihelion  was  fixed  for  the  end  ol  February  J  848. 

The  following  table  contains  the  heliocentric  coordinates 
referred  to  the  equator  and  the  log.  radii  vectores  of  the  comet 
in  my  last  orbit,  reduced  to  1848,  for  every  tenth  day,  from 
ninety  days  before  to  90  days  after  perihelion. 


Time  (rum 
paribdlM  pun. 

DaTN. 

-00 

-1-7430 

-f- 0  5750 

-0-0603 

0*2640 

80 

1G231 

0-4.^70 

00445 

0-2257 

70 

1-4931 

Oiiuaa 

0-1826 

60 

1*3504 

01 533 

— o-oigg 

01 333 

50 

M917 

-f  0-0084 

+  0-0041 

0  0762 

40 

10120 

-013(;3 

00206 

0  0092 

30 

0«03f) 

0  J770 

00363 

9-9300 

SO 

0-5o70 

04o:n 

0-0501 

9-8385 

-10 

-0-2G1 1 

0-4907 

97474 

f» 

+  00738 

0-49G1 

0*0583 

9-7032 

4-10 

0*3951 

0-0450 

9*7474 

20 

O'O.iOr 

0-2x?C<> 

0-0239 

9-8385 

30 

Os:)0:] 

_00:?rj 

+  0-0004 

9f)300 

40 

10Uh(> 

+  0-1590 

-002.'J3 

00092 

50 

ii38r> 

0-3490 

00463 

00702 

60 

1-2484 

0-5331 

0  ons:, 

0-1333 

70 

1-3433 

0  7101) 

0-1826 

80 

1-4268 

0-8b4'8 

oil  07 

0-2257 

-f  90 

-1- 1-5015 

+  1-049:^ 

— 0»I307 

0-S640 
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With  the  above  values  for  y  and  and  those  of  X,  Y, 
Z,  taken  from  the  Nautical  Almanac,  the  position  of  the  comet 
for  different  suppositions  as  to  ilie  time  of  passage  through 
perihelion  may  be  readily  obtained.  If  we  suppose  March  0, 
which  is  about  the  epoch  fixed  by  Professor  Madler,  we  shall 
have  the  IbllawiDg  (jpheiiicris  for  tacilitating  the  discovery  of 
the  comely  mean  uouu  at  Greenwich: — 


R.A. 

Ded. 

A. 

Dec  1 

18/  16 

o  / 

—11  22 

216 

U 

193  55 

1£  58 

1*92 

SI 

Ml  m 

14  29 

i*e8 

31 

211  43 

15  52 

1-46 

Jao.  10 

224  16 

1()  50 

1-26 

SO 

240  18 

16  47 

Ml 

30 

259  53 

15  3 

I'Oie 

Feb.  9 

281  23 

11  24 

1'03 

!0 

302  15 

7  1 

113 

2i> 

i-n  1» 

3  23 

1-29 

Mar.  10 

338  5 

-  0  54 

1-48 

20 

352  11 

-f  0  50 

1-66 

30 

3  50 

2  9 

1-84 

April  !> 

13  32 

3  11 

201 

19 

21  46 

3  59 

217 

29 

28  52 

4  35 

2-32 

May  9 

35  5 

4  58 

2-46 

19 

40  36 

5  11 

2-59 

45  31 

+  5  lie 

S-69 

It  appears  from  this  epbemeris^  that  according  lo  the  most 
probable  supposition  we  can  make  respecting  the  time  of  pe- 
rihelion witaout  actual  calculation  of  the  perturbations^  the 
position  of  the  comet  in  the  heavens  during  the  approaching 

reappearance  will  be  extremely  unfavourable  for  observation ; 
and  it  is  therefore  the  more  desirable  that  those  who  look 
out  for  comets  should  be  on  the  alert.  Nearly  the  whole  of 
the  vast  trajectory  of  this  comet  lies  below  the  plane  of  the 
ecliptic,  anil  Jar  from  the  paths  of  the  larger  planet  but  it  ex- 
tends into  space  more  than  twice  the  distance  of  Neptune; 
and  surely  we  are  not  yet  able  to  i>ay  what  causes  nmy  operate, 
at  this  immense  distance  from  the  sun,  to  affect  the  time  of  the 
next  return  to  perihelion.  If  however  the  comet  can  be  de- 
tected and  observed^  we  shall  then  have  the  means  of  asoer- 
tatning  something  more  on  these  points 
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X.  Ana}y!ih  nf  the  Water  of  the  Thermal  Sjjnnf;  of  }]ri'h 
[Kiiiff's  Bath),  By  Mews.  Gjso&qbMb&ck  atul  EoBiciiT 
Gali.ovnay*. 

THE  water  of  this  celebrated  spring,  the  efficacy  of  whkli 
was  known  in  the  time  of  the  Romans,  has  been  analysed 
roppntrrlly  hy  various  chemists  at  dittcreiit  periods.  Richard 
Phillips  I  .  Scinlnmoif  Walker§,  and  more  i  rcently  Noad||, 
have  occupieil  themselves  in  the  investic;iiti<)U  of  this  water. 
In  their  several  analyses,  the  whole  amount  ot^  the  fixed  ingre- 
dients of  the  M  ater  agrees  very  closely ;  but  in  regard  to  the 
composition  of  these  substances  there  are  considerable  dis- 
crepancies>  as  may  be  seen  in  a  table  which  we  have  annexed 
at  the  end  of  this  paper. 

Bendes  great  oinerenoea  in  the  aoantitatm  analysis^  we 
find  discrepancies  even  in  regard  to  ue  preaenoe  and  abaenoe 
of  certain  constituents.  Among  the  chemists  that  have  been 
mentlooed.  Walker  is  the  onfy  one  who  has  recc^nised  the 
pmence  of  potash.  The  same  chemist  eoinri>mted  Scuda- 
more's  statement  as  to  the  presence  of  magnesia,  overlooked 
by  tlipir  predecessors;  but  he  states  also  that  he  detected 
aluniiiia,  which  none  of  the  others  found,  in  all  these  ana- 
lyses iodine  has  been  omitted.  Mr.  Cuff  T  h^never  has  in- 
dicated the  presence  ot  this  element  in  the  spring. 

These  discrepancies  made  another  investigation  of  the  mi- 
neral water  of  Bath  very  desirable ;  the  follow  iug  analysis  was 
performed  at  the  suggestion  of  Dr.  A.  W.  Hofmann. 

To  obtain  the  water  genuine,  and  espedalljr  for  the  pur- 
pose of  ascertaining  the  amount  of  free  carbomc  acid  it  con- 
tained, we  collectedthe  water  ourselves^  an  operation  in  which 
we  were  kindly  assisted  by  Messrs.  Green  and  Simma,  leasees 
of  the  establishment. 

The  water  was  taken  from  the  principal  well,  which  sup- 
plies the  King's  and  Queen's  baths,  which  are  the  most 
esteemed  and  valued  in  the  rity.  Of  the  two  other  wells,  one 
supplies  the  Mot  Batli  and  the  other  the  Cross  Batbj  which 
are  in  the  neighbourhood  of  those  tirst  mentioned, 

*  Communicated  bv  the  Chemical  Society;  having  been  read  Not.  16, 

t  An  Analysis  of  tin-  Ball)  Water,  by  Richard  Phillips.  London,  ISOG. 
X  A  Chi'inicel  and  iMedicul  il«port  of  the  properties  of  the  Mineral  Waten 
of  Buxton,  Matlock,  Sec,  by  Ch.  Scudnmore,  M.D.  1820. 

§  Quarterly  Journal  of  Science,  Literatareaad  A(ti|  wl.  XZtU.  7ft.  Ifk29l» 

II  Pharmaceutical  Jcmnial,  vol.  iii.  .'52G. 

%  Memoir  on  the  occurrence  uf  iodine  and  lirouiinc  in  certain  Mineral 
Waten  of  South  Britain,  by  Cimrles  Daubcuy;  Transactions  of  the  Royal 
Soeietjr  ofLoDdoOi        ii.  p.  823. 
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The  King^s  Bath  is  an  oblong  cisteni^  65  feet  long  and  40 
feet  broad,  in  which  the  water  stands  at  the  height  of  46 
inches.  It  is  supplied  from  the  bottom  by  means  of  twelve 
large  and  about  twenty  smaller  apertures.       far  the  laigest 

amount  of  water  rises  however  from  an  openmg  made  in  the 

centre  of  the  hath,  IP  inrhr^  in  diamntrr.  Although  the 
water  flows  under  the  intluence  of  a  very  small  pressure,  the 
quantity  is  such,  that  the  two  reservoirs,  the  Kmg's  and  the 
Queen's  hath,  are  entirelv  filled  in  about  nine  hours.  The 
quantity  of  water  entering  each  minute  is  126  j^aliuuis,  upon 
the  authority  of  Dr.  Daubeny*. 

L  QmaUiatkfe  AnatyHi. 

The  water  as  it  issnea  from  the  well  has  a  temperature  of 
46^  C.  (US'"  Fahr.),  the  temperature  of  the  air  being  20P  C. 
(60^  Fahr.);  it  is  dear  and  without  odour,  and  has  no  effect 
upon  vegetable  colours ;  it  has  a  saline  and  slight  iron  taste  $ 
the  iron  is  deposited  as  scsquioxide  in  rather  large  quantities 
in  the  pipes  leading  from  the  well. 

The  following*  experiments  p;ave  the  (]nnlitative  composition 
of  the  mineral  water;  on  boilin*;  for  -*>u\c  time  a  white  cry- 
slalline  precipitate  formed.  The  qualitative  analysis  was 
therefore  (iividcd  iuLo  two  parts. 

o.  The  analysis  of  the  precipitate  formed  on  boiling. 
The  analysis  of  the  substances  remaining  dissolved. 

a*  Analysis  of  the  Precipitate  fonm  d  on  boiling, 

!•  The  precipitate  was  treated  with  hydrochloric  acid ;  a 
small  portion  of  it  dissolved  with  effervescence,  indicating  the 
pre^encp  of  carbonic  acid.  The  portion  insoluble  in  hydro- 
chloric acid  dis^filvcd  on  the  RfUlitiuii  of  a  large  quantity  of 
water: — Indira! I ny  suljahati'  nf  liine. 

Another  poitiun  of  the  water  was  boiled  some  time,  with 
the  precaution  of  replacing  the  evaporated  water,  in  order 
that  all  the  sulphate  of  lime  should  remain  in  solution  ^  in 
this  case  onhr  a  very  small  precipitate  was  formed,  which  was 
entirely  soluble  in  h^drodikwic  add. 

2«  On  heating  this  solution  and  adding  anmionia,  a  very 
sligfat  flocculent  precipitate  of  a  yellowish-white  colour  was 
produced  after  some  time: — Indieating  oxide  of  iron. 

3.  In  the  filtrate  from  the  scsquioxide  of  iron  (2.),  on  the  ' 
addition  of  oxalate  of  ammonia,  a  white  precipitate  was 
&mieidii-^Iwlicating  eatts  time. 

*  On  tibc  Qwuitity  and  Quality  of  the  Gases  disengaged  from  the  Tliermal 

Spring  wViioli  siiprvi'f  Hie  King's  Bath  in  the  City  of  Rith,  hy  CliRrlM  Dan- 
beny ;  Transactiuas  oi  the  Koyal  i>ociety  of  Loudon,  18^^  I.  i. 
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»  4.  In  the  liquid  filtered  olT  from  the  oxalate  of  lime  (3.), 
phosphate  ot  suda  ])rodueeti  an  exceedingly  slight  crystalLiae 
precipitate : — iShotuin^  tite  preaence  q/'  mufffienUi. 

Note, — ^This  ))recipitate  could  only  be  distinctly  seeo  in 
teitiiig  a  large  quantity  of  the  water. 

b.  JntUjfiU    the  wbutmceM  remahdnfi  dusohed. 

The  liquid  which  was  filtered  from  the  precipitate  (a.) 
formed  on  boiling  had  no  alkaline  reaction  ;  a  portion  of  it 
was  evaporated  nearly  to  dmieaa  and  treated  with  hydro* 
chloric  acid ;  no  carbonic  acid  was  evolved,  from  which  com- 
portment the  absence  of  alkaline  carbonates  could  with  safety 
be  concluded. 

1.  A  portion  of  the  liquid  gave  on  addition  of  chloride  of 
barium  a  copious  white  precipitate,  insoluble  in  hydrochloric 
acid : — JudicatinQ  sulphuric  acid, 

9.  In  another  portion  of  the  liquid  nitrate  lilver  pro- 
duced a  copious  white  precipitate,  easily  soluble  in  ammonia  t 
— Bvtdencmg  the  preeenee  of  ehhrme* 

8.  The  entune  solubility  of  the  silver  precipitate  seemed  to 
indicate  the  absence  of  iodides.  To  make  ourselves  perfectly 
certain  of  the  absence  of  these  salts,  30  or  40  pounds  of  the 
water  were  evnpo?-ated  to  2  or  3  pounds,  and  the  liqnid  filtered 
ofl  from  the  precijiitatc  which  had  been  formed  ;  a  pai*t  of  this 
fluid  was  evaporated  with  precaution  to  dryness,  the  residue 
was  mixed  with  some  starch  ])aste,  and  a  icw  drops  of  nitric 
acid  being  added,  feeble  but  distiuct  violet  bpots  were  ob- 
served !  this  experiment  was  repeated  several  times  with  the 
same  success  i—JndSca/i/^^  the  pretence  <^ iodine, 

4.  Another  portion  of  the  liquid  (d.)  was  treated  with  hy- 
drochloric add,  evaporated  to  dryness,  and  gently  ignited :  on 
treating  the  residue  with  a  large  quantity  of  water  an  insolu- 
ble portion  remained  t — Showing  the  presence  of  silicic  acid. 

5.  Anotlier  portion  of  the  liquid  (/>.)  pave,  on  addition  of 
chloride  of  ammonium  and  oxalate  of  ammonia>  a  white  pre- 
cipitate : — Indicatinif  lime. 

G.  On  addinf^,  to  a  portion  of  the  filtrat-e,  ammonia  and 
phosphate  of  Koda,  a  slight  crystalline  precipitate  was  formed : 
'^InMeatmg  magnetia* 

7.  For  the  discoverv  of  the  alkalies,  the  remaining  portion 
of  the  filtrate  from  the  lime  precipitate  was  evaporated  to 
dryness,  and  the  residue  ignited  until  the  ammoniacal  salts 
had  been  expelled.  The  ignited  residue  was  then  dissolved  in 
water,  the  sulphuric  acid  and  magnesia  precipitated  by  ])aryta 
water,  and  after  separnfion  of  flie  excess  of  baryta  by  means 
of  carbonate  of  ammonia,  the  tiltrate  evaporated  to  dryness 
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and  ignited.  Hie  residue  im parted  a  jellow  colour  to  the 
blowpipe  flame : — Evidencing  the  preiene§  qf  sodth 

An  alcoholic  solution  of  tlic  residue  gaye  with  a  concen- 
trated solution  of  bichloride  of  platiuiUQ  a  yellow  crjitaUine 
precipitate : — Indtcating  potassa. 

The  precipitate  which  had  formed  on  evaporating  for  the 
iodine  deteiiuination,  was  trented  with  hydrochloric  acid,  the 
filtrate  saturated  with  amunniia  and  precipitated  by  sulphide 
of  ammonium ;  this  precipitate  was  re>di&bolved  iu  uitro-hy- 
drodbloric  add  mixed  wiUi  chloride  of  ammonium,  and  the 
seequbxide  of  iron  separated  bj  ammonia.  The  filtrate,  eva- 
porated and  fused  with  nitrate  of  potash  and  carbonate  of 
soda,  gave  a  green  mass  i^Skountig  traces  of  manganue* 

Litbia,  alumina,  bromine  and  phosphoric  add  were  Ibmid 

tobe  absent* 

In  rejrird  to  the  presence  of  gases  in  the  water,  it  Tvas 
scarcely  necessary  to  test  for  the  presence  of  free  carbonic 
acid.  On  mixing  a  sohition  of  Iitik  with  the  mineral  water  a 
precipitate  Mas  formed,  which  dissolved  in  an  excess  of  the 
mineral  water.  The  quantity  of  free  carl)onic  acid  however 
is  not  very  large ;  the  water  has  no  reaction  on  blue  vegeta- 
ble colouro  J  liydrosulphuric  acid  is  not  contained  in  the  water. 
Aoetate  of  lead  gave  only  a  white  predpitate  of  sulphate  of 
lead  ftee  fifom  all  trace  of  brown  colour,  which  might  indicate 
the  preaenoe  of  sulphur. 

A  large  quantity  of  gas  is  oontinually  disengsged  from  the 
diief  spring  as  well  as  from  the  secondarj  ones.  Dr.  Dan* 
beny*^  paid  particular  attention  to  the  composition  of  this  gas. 
He  foiip.d  tlu.t  it  consi'-ts  principally  of  nitrogen,  together 
with  small  quantities  of  carbonic  acid  and  oxygen. 

He  employed  a  ])ecvdiar  aj)paratus,  constructed  on  purpose 
tor  tiie?>c  ex pcnments,  by  w  hich  he  was  enabled  to  collect  the 
whole  of  the  gases  from  the  principal  well,  as  well  as  from 
those  adjoining  it.  The  expenments  of  Daubeny  arc  so  nu- 
merous and  accurate  as  to  predude  any  other  researches  on 
theaubjeot 

II.  QmmiUatwe  Jnaiiftit* 
DeiermiiuUkm  of  the  Specif  e  Qrarity. 

A  small  bottle,  which  contained  at  the  temperntiire  of 
l^i°'5  C.  (60^  Fahr.)  10  grms.  of  distilled  water,  contamed  at 
tbi;  barac  temperature  10*025  grras.  of  the  mineral  water; 
from  this  the  specitic  gravity  of  the  water  in  calculated 
as  1-0025, 

*  Vide  Memoir  moationeU. 
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1.  EstinMium  qf  Su^skitric  Acid. 

The  mineral  water  was  heated  with  a  Httle  hydrochloric 
acid  and  chloride  of  barium  added. 

T.  r)34'199  grms.  of  water  gave  1*340  grm.  of  sulphate  of 

baryta  =  0*4605  crm.,  or  0*08620  percent,  of  sulphuric  nr\d. 

II.  475*003  grms.  of  water  gave  1*1791  grra.  of  sulphate 
of  baryta  =  0*4650  grm.^  or  0*08526  per  cent*  of  sulphuric 
acid. 

Mean  of  the  results^  0*08573  per  cent. 

2.  BsHmaiim  qf  Chlorine. 

The  water  was  treated  with  nitric  acid  and  precipitated  by 
nitrate  of  silver ;  the  precipitated  chloride  of  silver  was  washed 
by  decaiitation,  fused  and  weighed. 

I.  101  grms.  of  water  gave  0*113?  grm.  of  chloride  of  silver 
=  0*2811  grm.^  or  0*02778  per  cent,  of  chlorine. 

II.  100*006  grms.  of  water  gave  0*1093  g;nn8.  of  chloride 
of  stiver  s£O*O2702  grms*!  or  0*02701  per  cent,  of  dilorine. 

Mean  of  the  results,  0*027S9  per  cent 

3.  Estimation  qf  Silicic  Acid* 

To  the  water  was  added  nitric  acid  in  excess;  it  was  then 
evaporated  to  drj^ness  and  the  residue  for  some  time  heated 

on  the  sand-bath.  On  treating  this  residue  with  water  and 
hydrochloric  acid^  the  silicic  acid  remained  behind;  it  was 
collected,  washed  and  weighed. 

I.  765*325  grms.  of  the  water  gave  0*0342  gnn.,  or 
0*00446  per  cent,  of  sihcic  acid. 

II.  732*015  grms.  of  watei*  gave  0*0289  grm.,  or  0  00407 
per  cent,  of  silicic  acid. 

Mean  of  the  results,  0*00426  per  cent. 

4.  Estimation  qf  Iron. 
The'  iron  was  estimated, — 

A.  In  the  precipitate  formed  on  boiling  the  minend  water* 

B.  In  the  water  which  had  not  been  boiled. 
Both  estimations  gave  the  same  results. 

A-*Estimation  of  the  iron  in  the  precipitate 

A  certain  quantity  of  the  water  was  boiled  for  some  time  ; 

the  precipitate  which  had  formed  was  washed,  dis*?o1ved  in 
hydrochloric  acid  rtnd  precipitated  by  an  excess  of  anmu'iiia. 

I.  777*215  grms.  of  water  gave  6*0075^  grm.,  or  000101 
per  cent,  of  seRqui(»xide  of  iron. 

B.  Estimation  of  the  iron  in  the  water  which  had  not  been 
boiled ; — 
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The  liquid  filtered  off  from  the  silicic  acid  (3.)  was  conoen- 
tnted  and  precipitated     an  ezeeas  of  anmKmui. 

II.  765*325  grms.  of  water  gave  <H)078  grm-i  or  0*00101 
per  cent,  of  lesquiozide  of  iron* 

IIL  732H>15  grms.  of  water  gare  0*0086  gim.^  or  0*00116 
per  cent,  of  sesquioxide  of  iron. 

Mean  of  the  results^  0*00106  per  oent.^  oormpondiog  to 
0*00153  per  cent,  of  carbonate  of  oxide  of  iron* 

The  estimation  of  the  lime  was  divided  into — 

i\.  Estiiualion  of  the  lime  contained  in  the  water  in  the 
state  of  carbonate. 

B*  Estimation  of  the  lime  contained  in  the  water  in  the 
state  of  sulphate. 

C.  Estimation  of  the  total  amount  of  lime  for  control. 

A.  Kstiraatiou  of  the  lime  combined  with  carbonic  acid:— 
The  ammoniacai  liquor  filtered  off  from  the  precipitate  of 

aesquioxide  of  iron  was  precipitated  by  oxalate  of  ammonia ; 
the  oxalate  of  lime  was  converted  in  the  known  way  into 
caibonate. 

I.  712*747  gnna.  of  water  gave,  on  boilmgy  a  precipitate 
containing  0*0904  grm.  of  carbonate  of  ]ime=O*O5062  grm., 

or  0*00712  per  cent,  of  lime. 

II.  623'881  grms.  of  water  gave,  on  boiling,  a  precipitate 
contnining  0  07H2  grm.  of  carbonate  of  lime=0*0437  grm., 
or  0  00700  per  cent,  of  lime. 

Mean  of  the  results,  0*00706  per  cent. 

B.  Estimation  of  the  lime  combined  with  sulphuric  acid  : 
Tbe  mineral  water  was  kept  boiling  for  onn  or  two  honrs, 

rep!a(  inff  tbe  water  which  evaporated  ;  the  precipitate  formed 
was  filtered  off,  washed,  and  to  the  filtrate  was  added  chlo- 
ride of  ammoiiimn,  iiiumonia,  and  oxalate  of  ammonia;  the 
oxalate  of  lime  was  converted  into  carljoaatc. 

I.  710*747  grms.  of  water  gave  in  this  way  0*6072  grm.  of 
carbonate  of  lune=0'3400  grm.,  or  0^783  per  cent  of  lime* 

II.  628*881  grms,  of  water  gave  0*5165  grm.  of  carbonate 
of  ]ime3s0*2892  grm,,  or  0*04635  per  cent,  of  lime. 

Mean  of  the  results,  0*04709  per  cent 

C.  Estimation  of  the  total  amount  of  lime  for  control : — 
The  ammoniacai  liquid  which  was  filtered  off  firom  the  pre- 
cipitate of  aesquiozide  of  iron  was  precipitated  after  the  addi- 
tion of  chloride  of  annnoninm  by  oxalate  of  ammonia^  and  the 
oxalate  of  lime  eonrerted  into  carbonate. 
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I.  765*825  grms.  of  water  gave  0*7^11  grm.  of  csrbmiate 

of  llmr  — 0-403816  grm.,  or  0*0527^  p^r  cent,  of  lime* 

II.  732*015  grms.  of  water  gave  ()*()<)81  grm.  of  cwbooate 

of  lim^^  — 0-3909  ^rm.,  or  0'0'>.110  ]r'r  rent*  of  limd* 
Mean  of  the  results,  O'OjJUa  per  cent. 
Meat!  of  the  lime  combined  with  ciirlirfTiir  acid  0*0070n 
Mean  ol  the  linic  combirird  with  sulpliuric  acid  0-017'^^^ 
Total  amount  found  by  addition  0*05415 

Mean  of  the  total  ammmt  found  1^  direct  ^^*\o<o530S 
mation  »   .   •   >  j-uiioa 

6.  Eniimation  of  Ma(/nc^ia, 

The  estimation  of  the  magnesia  was  divided  i&  the  eame 
manner  m  the  estimation  of  lime  into — 

A.  Estimation  of  the  magnesia  combined  with  earbooio 
acid. 

B.  Estimation  of  the  magnesium  combined  w  ith  chlorine. 

C.  Estimation  of  the  total  amount  of  magnesia  for  control. 

A.  Estimation  of  magnesia  contained  in  the  water  as  car* 
bonatc : — 

To  the  liquid  filtered  off  hom^  the  oxalate  of  Ume  waa 
added  phosphate  of  aoda  $  on  atlmng^  after  some  time  a  pre- 
cipitate of  phosphate  of  maf;neaia  and  ammonia  waa  formedi 
which  waa  oonyerted  by  ignition  into  pyiophoephate  of  mag- 
nesia. 

I.  777*^1^  grms.  of  water  gave,  on  boiling,  a  precipitate 

whieh  rontnlned  ()'{\04G  grm.  of  pyrophosphate  of  magneaia 
5=  0-0(JlGSr)  jri'm.,  or  0  06o21  per  cent,  of  magnesia. 

II.  n23*SSl  grms.  of  water  [javc,  on  boiling,  a  precipitate 
which  cojitained  ()  {K)1 1  fn*m.  of  pyroi>ho.sphate  ot  magnesia 
=  0*000 IG  grin.,  or  0  00025  per  cent,  of  magnesia. 

Mean  of  the  results,  0*00023  per  cent 

B.  Estimation  of  the  magnesia  contained  in  the  water  as 
chloride  of  magnesium. 

The  liquid  filtered  off  firom  the  oxalate  of  lime  waa  con- 
centrated evaporation^  ammonia  added  filtered  off  fiom  a 
small  portion  oi  stUdc  acid  which  separated*  and  the  mag- 
nesia precipitated  by  phosphate  of  aoda. 

I.  414-279  grms.  of  water  gave  in  this  way  0^1007  grm. 
of  pyrophosphate  of  magneaia  a  0*03689  gnn.«  or  0*008906 
perecnt.  of  mnfrnc?ia. 

TT.  -127'1  f;rms.  of  water  gave  0*1050  grm.  nf  pyrophos- 
phate of  magnesia  =  0*03846  grm.^  or  0*009001  per  cent,  of 
ma;2:ne*^in. 

Mean  of  the  results,  0*0089 J 5  per  cent 
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G.  Eitiinatioii  of  the  total  amount  of  magneBia  fsr  oon- 

trol : — 

The  liquid  filtered  off  from  the  precipitate  of  oxalate  of 
lime  \^*as  concentrated,  ammonia  and  phus[>hate  of  soda  added. 

I.  765*325  ^rms.  of  water  gave  0*1936  grm.  of  pyrophos- 
])bnto  of  magueua  s  0*070929  grm.^  or  0*00926  per  oeut.  of 

maguesia. 

II.  732*015  grms.  of  water  cm ve  0*l  So7  grm.  of  pyropho- 
phate  of  magnesia  =  0*0673  grm.,  or  0*00919  per  cent,  oi 

magnesia. 

Mean  of  the  results,  0*00922  per  cent. 

Mean  of  tlie  magnesia  combined  with  carbonic  acid  0*00023 
Mean  of  the  magnesia  contained  in  the  water  asl  /wAnAqc 

chloride  of  mag nesiu Hi  j 

Totiil  amount  found  bv  addition  o  (i()!)lR 
Mean  of  the  total  amount  found  b^'  direct  estimation  0  00922 

7.  Estimation  of  the  Alkalies. 

For  the  estimation  of  tlic  alkalies  the  mineral  water  was 
evaporated  to  oiie-tliird  of  it^  ^  nbunc  and  baryta  ivntcr  added 
in  excess,  the  precipitates  ui  sulphates  of  baryta,  Inne,  mag- 
nesia and  btsquioxide  of  iron  were  tillered  olf,  and  the  excess 
of  baryta  precipitated  by  means  of  carbonate  of  ammonia. 
To  get  rid  of  tne  silicic  acid  the  filtrate  was  cvapomted  to 
dryness  with  bydrochloiic  acid,  gently  ignited,  dissolved  in 
water^  again  filtered  and  evaporated  to  wyneea ;  the  mixed 
chlorides  obtained  in  this  manner  were  weighed. 

I.  632*481  grms.  of  the  mineral  water  ^ve  0'29d7gntt.  of 
ohloride  of  sodium  and  chloride  of  potassium  s  0'04643  per 
cent*  of  the  mixed  ehlorides. 

IT.  546*032  grms.  of  water  gave  0*2538  grm.  of  chlorides 
of  sodium  and  potassium  .0*04648  per  cent,  of  the  mixed 
chlorides. 

Mean  of  the  results,  0*04045  per  cent. 

8.  Kslimaiiou  of  the  Potassa. 

The  chloridi  s  of  ])otassium  and  sodium  were  dissolved  in 
a  small  cjuantity  of  water  and  an  excess  of  bichloride  of 
platinum  iuidid ;  the  liquid  was  then  evnpoiuted  to  dryness 
iu  the  vvatcr-bath,  llic  residue  digested  with  alcohol,  the  in- 
soluble chloride  of  platinum  and  potassium  filtered  utf  from 
the  soluble  sodium  salt  and  washed  with  aloobol  \  the  preci- 
pitate was  dried  in  the  water^bath  and  weighed. 

L  638*481  gnns.  of  the  minetal  water,  or  0*2987  fnsL  of 
the  mixed  chlorides,  gaye  0*124  grm.  of  chloride  of  piatmum 
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and  potassium  =  0*0378  grm.  of  clilorJde  of  potn«?inm 
r=  0-00597  per  cent,  of  chloride  of  potassium^  which  equals 
0*003  7  7  ppr  cent,  of  potassa. 

II.  5 1()  032  grms.  of  water,  or  0*2538  jn*m.  of  the  mixed 
chloi  ides,  gave  0*0975  prni.  of  chloride  ot  plaLiiium  and  po- 
tassium =  0  02977  gJiii-  ot*  chloride  of  potassium  =  0*005 4a 
per  cent,  of  chloride  of  potassium^  whicii  equals  0  00342  per 
cent,  of  potassa. 

^  Mean  of  tiie  results^  <HK)57l  per  cent,  of  chloride  of  potas- 
rium  and  0*0859  per  cent  of  potassa. 

9.  St^maiiim  ^ikt  Soda. 

The  qoantitT  of  soda  was  foond  simply  bj  the  dlffirenee 
of  the  mixed  dilorides  and  the  quantity  of  chloride  of  potas- 
sium found  bj  direct  estimation* 

Mean  of  the  mixed  chlorides  •  •  .  0*04645 
Mean  of  the  chloride  of  potassinm   .  0*00571 

Chloride  of  soduiin    .    .  U'U4U74 
correspoudiiig  to  0*02168  per  cent,  of  soda. 

10.  Estimation  of  Carbonic  Add* 

To  find  the  quantity  of  free  carbonic  acid  contained  in  the 
water  nt  tlie  moment  it  was  taken  from  the  well,  a  siphon  of 
exactly  known  capacity  was  immersed  in  the  well,  and  the 
water  obtained  in  this  way  put  in  bottles^  containing  a  mix- 
ture of  ammonia  and  cldundc  of  calcium.  In  this  way  the 
free  carbonic  add  as  well  as  the  carbonic  acid  in  combination 
was  precipttated  in  the  form  of  carbonates.  Four  bottles  were 
fiUedt  with  mineral  water  bj  this  method.  The  capacity  of 
the  siphon  was  exactly  53d  cnbic  centimetres^  therefore 
538  X  4  X 1-0025  =  2137  grms.  of  water  were  taken. 

The  precipitate  from  the  water  contained  in  these  four  bot- 
tles was  collected,  washed,  dried  and  weighed;  it  yielded 
1  '4  74  q  n.rm.  of  carbonate  mixed  with  some  alumina  from  im- 
purity in  thr  sn^tition  of  chloride  of  mlriiim. 

To  estimate  the  quantity  of  carbonic  acid  in  this  precipitate, 
two  port  ions  of  it  were  taken  and  estimated  separately  after 
the  methi)d  proposed  by  Drs.  Fresenius  and  Will, 

I.  0*66  crm.  ul  the  carbonate,  &c.  gave  in  this  way  0*22 
grm.  of  carbonic  acid^  therefore  1*4748  grm.  of  the  carl>onate, 
or  2187*0  grms.  of  water,  gave  0*4916  gnn.  of  carbomeacid. 

IL  0*718  arm.  of  the  carbooatSii  ftc  gave  0*98  grm.  of  car- 
bonic acidy  tiierelbre  1*4748  grm.  of  the  carbonate^  hc^  or 
2187*0  gnns.  of  water,  gm  0*4718  grm.  of  carbonic  acid. 
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Mean  qf  the  remits, 

0*481 7gi'in.  of  carbonic  add,  which  equals  0*02254  per  cent. 

Total  amount  of  carbonic  acid   •  •  0*02^4 

CM)omc  add  existing  in  combination<^ 

With  OEzide  of  iron.  •  •  0*00057 

With  lime   0*00554 

With  magaeBia  •  •  •  •  0*00024 

Sam  total  ...... 

Free  carbonic  acid  remaining 


0*00635 


0-01619 


From  the  details  contained  in  the  preceding  pages,  it  fol- 
lows that  the  thermal  spring  in  the  King's  BiUh  contains  the 
following  constituents  in  100  parts : — 


Carbonate  of  lime   .  . 
Carbonate  of  magnesia 
Carbonate  of  oxide  of  iron 
Sulphate  of  lime    •  • 
Sulphate  of  potassa 
Sulphate  of  soda    •  • 
Chloride  of  sodium 
Chloride  of  magnedum 
Silidcadd    •  •   •  • 


0-00047 
0*00153 
0*11436 
0*00663 

0*02747 

0-01 80G 
0-02083 
0*00426 


0-20620 

Traces  of  mangwMse  and  iodine* 


Estimation  qj  the  total  amount  of  ttu^  flved  ingredients  in  the 

water  for  coiUruL 

The  water  was  concentrated  in  a  porcelain  disb^  and  after- 
wards evaporated  to  dryness  in  a  platinum  basin*  The  resi- 
due was  heated  in  an  au'-bath  until  the  weight  was  constant. 

Two  estimates  were  made. 

1.  217*058  grms.  of  water  gave  Q'4540  grm.,  or  0*20916 
per  cent,  of  residue. 

IT.  319-57  gnus,  of  water  gave  0*6726  grm.,  or  0*21040 
per  cent,  of  residue. 

Meaii  uf  the  results,  0*2007^  per  cent. 

But  in  this  experiment  the  iron  was  obtained  in  the  state 
of  sesquioxide,  whilst  in  the  preceding  calculation  it  is  taken 
as  the  carbonate  of  the  oxide^  in  which  form  it  exists  in  the 
water. 

On  calculating  the  absolute  wei^ts  0rom  the  above^  we 

obtain  the  following  numbers : — 
FhO.  Mag.  &  3.  VoL  31.  No.  205.  Mjf  1 847.  F 
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In  a  litre  ^  imperial  galloo 
in  a  litre.  (7U,0<)0 -r^.). 

Carbonate  of  lime     .    •    •  0-1260  grm.   8-820U0  grs. 

Carbonate  of  magnesia  .    .  0  0047  •••     0*32900  ... 

Carbonate  of  oxide  of  iron  .  0*0153  ...  I'O/IOO... 

Sulphate  of  inne  ....  1-1436  ...    80-0i>200  ... 

SiUphate  of  potassa  .    .    .  0*0663  ...     4*64100  f. 

Sulphate  of  soda  *  .   •   .  0*2747  19*22900 

Chloride  of  sodium  .   •   •  0*1806        18*64200  ... 

Chloruk  of  magnesiuiii .   «  0*2083  14*58100 

Silicic  add   0*0426  2*98200 

0-20621...  144-01800  ... 

According  to  our  experiments,  1  litre  of  the  water  contaiM 
95*64  cubic  centimetres  of  free  carbonic  acid  at  the  tempera" 
ture  of  16°  C.  (115°  F.)  and  normal  atmosj)heric  prc^^iiro. 

One  imperial  crallon  contains  therefore  26-45  cubic  inches 
of  free  cjarbonic  acid  t)f  46°  C,  bein^  mf)rc  than  double  the 
qnantity  which  has  been  determined  by  iurmcr  experiments. 

This  however  is  not  surprising,  as  the  estimations  previ- 
ously made  had  been  effected  by  the  expulsion  of  Uie  carbonic 
acid  from  the  water.  Besides  uie  ^Acuity  of  avoiding  a  Ion 
of  carbonic  acid  before  the  opu-ation,  it  is  scarcely  possible^ 
as  Mr.  Phillips  justly  notices  in  his  paper,  to  expd  ail  carbfuiic 
acid  by  simple  ebullition.  Besides,  we  see  from  the  eaqieri- 
ments  of  Daubeny,  that  the  gas  which  escapes  finom  the  well 
contains  at  different  periods  highljr  wyfaig  amounts  of  car- 
bonic acid.  He  found  by  several  experiments  that  the  King's 
Bath  cvolvrs  nn  an  average  207  eiibic  inches  of  gas  per  minut^ 
or  223  cubir  tV-pt  in  twenty-four  liours.  He  further  ascer* 
tained  that  tlii^  l  is  consists  nearly  entirely  of  nitrogen,  mixed 
with  a  small  iunount  of  oxygen  and  carbonic  acid,  and  th^ 
these  gasci^  were  generally  in  the  following  proportion i— 

Nitrogen  •  •  =91-y 
Oxygen  ...  =3-8 
Carbonic  acid  =s  4*3 

In  many  instances,  however,  he  obscn*ed  as  much  as  7*4 

to  H-2,  nnd  even  once  11*5  parts  of  carbonic  ncid. 

From  tiicse  observations  there  is  no  doubt  that  the  quan- 
tity of  carbonic  acid  dissolved  iu  the  water  is  very-  variable. 

In  the  foUoAnnpT  T;ii)]L-  we  give  the  atialvicb  ol  lormer  ex- 
perimenters, calculated  in  an  imperial  ^^allon  (7^,000  grs.}. 
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7-680 

5-^80 

10-667 

Carbonate  of  oxide  of  irou 

0*274 

0-200 

0-243 

0-521 

Cariiouato  of  sodft 

5-760 

oil                 ^  •  * 

Sulphate  of  lime  ....   

96-240 

Suluhatc  of  DotajsjiQ,   

2-927 

14 -KK) 

1-520 

19-371 

rf>lL  1  .      •  t            J*           ^  •  . 

drusO 

12*240 

15-122 

27- tofi 

JO  owv 

13-339 

7-142 

•••••• 

0-1  AO 

3-3cn 

1M>840 

146HI76 

144M79 

Qmntiij  dbvellj  ofaMmd 

144125 

147-622 

ll*lf  fli^ia. 

Our  analysis  agrees,  as  may  be  seen,  best  with  that  of 
Walker.  According  to  Professor  Liebi^^'st  arrangement  of 
raincrnl  'Nvnters,  the  thermal  spnnfr  of  Bath  would  belong  to 
the  fiaiiae  waters  containing  carbonic  acid. 


XL  NoHMi  fmpitHng  Ngm  Booh* 

On  ihe  Correlation  of  Physical  Forces :  being  the  substance  qf  a  Courm 
^httihsm  Mhmtd  m  ike  Lomiam  ImeHiMHm,  m  ike  yeot  1848. 
ByW.  R.  Geovb,  Esq.,  FJLS^  Banieier-at^Law.  Printed 

at  the  request  of  the  Proprietors  of  the  Ifindon  JneiiiMtiem,  LondQiii 
ggjauel  Ui|^y.  3S  Fket  Strait 

THIS  publication  treats  of  tiAJects  which  might  have  been  advan- 
tageously considered  at  much  creator  IcnTtlt  ;  but  it  must  be 
ftcTtnowledged  that  in  the  brief  ?i)ace  to  which  the  author  has  con- 
&ne(l  the  announcement  of  his  views  and  speculations,  he  has  done 
them  no  email  degree  of  justice ;  it  may  indeed  be  questioned 
whether  the  opmlont  bioeiclied  toe  not  of  sodi  a  natiire  as  to  de^ 
the  test  of  ezperiment  to  realise  or  to  lefnte  them.  This  Is  eertauily 
the  case  as  far  as  experiment  has  yet  been  carried ;  but  although  we 
discover  great  reason  for  donbting  whether  the  ditHcultics  which 
be?»<?t  the  subjects  may  ever  be  overcome,  we  (1i«covcr  no  cause  for 
dei»pair,  seeing  tliat  new  modes  of  researcli  and  new  instruments  for 
eerrying  them  ont  are  of  ahnost  daflj  oeemrenoe.  Ae  a  proof  of 
this  we  nmy  cite  the  author's  excellent  invention  of  his  welf-knowii 
and  ju8tly-a]i]>reci.it( d  voltaic  battery;  and  his  stiD  more  recent 
discover}-,  tiiat  water  mrty  be  decomposed  by  heat  SO  as  to  exhibit 
both  it!^  elemeuti*  in  the  gasrouj*  form. 

Mr.  Grove  states  that  "  tlie  position  winch  he  seeks  to  establish 
bt  this  Essay  is,  that  the  Tirioiis  Imponderable  agendest  or  the  afiee- 
tiODs  of  matter  which  constitute  ^  main  objects  of  esperimenttl 

*  Kecaiculated  according  to  a  more  correct  principle  by  Walker, 
f  NmuMeieetoek  itr  CheeeieJiH,  *  Analvie  dir  lllii«alw«Bitr,' 
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physict.  Tie.  heat,  light,  eleetridtjr*  nagnetim,  obeiiiieal  iffinttfand 
motioii,  are  all  oonelatiye,  or  have  a  reciprocal  d^endence ;  tiiafe 

neither,  taken  abstractedly,  can  be  said  to  be  the  essential  or  proxi- 
mate cause  of  tlie  others,  but  that  either  mriy,  a**  a  force,  produce 
or  be  convertible  into  the  other;  thus  lu  at  ui;iy  riudia.lely  or  imme- 
diately produce  electricity,  electricity  muy  produce  heat ;  and  so  a£ 
the  rest" 

In  farther  illustiatUMi  of  the  ftotfaor*!  viewi,  we  may  quote  what 
he  states  to  be  the  sense  that  he  has  attadied  to  the  word  correlatioD, 

which  is,  that  "  of  a  reciprocal  produrtion  or  conwrtibilit)' ;  in  other 
words,  tiiiit  any  force  capable  of  producing  or  being  convertible  into 
another,  may,  in  its  turn,  be  produced  by  it, — nay,  more,  cuu  be 
itsdf  retisted  by  the  force  it  produces,  in  proportion  to  the  energy 
'  of  aueh  production,  as  action  is  ever  aooompanied  and  resialed  bj 
reaction ;  thus,  the  action  of  an  electro- magnetic  machine  it  reacted 
npon  by  the  magneto-electricity  developed  by  its  action." 

In  order  to  .'•ii])port  his  s]>eculutions  by  facts,  the  author  aiipcak 
in  the  first  place  to  the  agency  of  electricity.  "  To  commence,  then, 
with  electricity  as  an  initiatii^  force,  we  get  motion  directly  pro- 
duced by  it  in  various  forms ;  for  instance  in  the  attiaetion  and  re- 
pnleion  of  bodies,  evidenced  by  mobile  electrometers,  such  as  that  cl 
rnthbcrt^on,  where  large  masaea  are  acted  on  ;  the  rotation  of  the 
tiy  wheel,  another  form  of  electrical  repulsion,  and  the  deflectir^n  of 
the  galvanometer  needle,  arc  also  modes  of  i);il|>iiblc,  visible  niDtioii. 
Electricity  directly  produces  heal,  us  shown  in  the  ignited  wire,  the 
electric  spaik,  and  tiie  voltaic  arc,  in  the  latter  the  most  intense  heat 
with  which  we  are  acquainted,  so  intense,  indeed,  that  it  cannot  be 
measured,  every  sort  of  matter  being  dissipated  by  it.  Electricity 
dircftly  produces  light  in  the  same  phienomena.  It  directly  prodnrcs 
vn!tj:)rt'<sm  in  all  ferruginous  bodies  placed  at  right  angles  tt>  \\<  \\u^  ' 
of  direction,  and,  indeed,  in  the  substances,  of  whatever  uuture, 
'  traverwd  by  the  electrical  current,  in  a  direction  at  right  angica  to 
that  of  the  current ;  in  this  case  giving  us  a  new  character  of  force, 
viz.,  a  force  acting,  not  in  direct  strai^t  lines,  but  in  a  tangential  or 
rather  rectangular  direction. 

*'  Lastly,  electricity  directly  produces  chemical  aj/inity,  aiid  by  its 
agency  we  are  enabled  to  obtain  effects  of  analysis  or  synthesis,  with 
which  or^Unary  chemistry  does  not  furnish  us.  Of  tfajfise  elfoets  we 
have  examples  in  the  brilliant  discoveries  by  Davy  of  the  alkaline 
metals,  ana  in  the  peculiar  crystalline  compounds  made  known  by 
Crosse  and  Becquerd." 

Havitig-  stated  thvis  much  respecting  electricity  in  »*npport  of  his 
peculiar  views,  Mr.  Grove  adduceii  additional  conhnnation  of  them 
from  considering  the  action  of  light,  in  a  passage  which  we  shall 
ouote  at  len^.  He  observes  that  "lig^t  is,  perhaps,  that  mode  of 
Miree  the  reciprocal  relations  of  which  with  the  others  has  been  the 
least  traced  out.  Until  the  discoveries  of  Dagucrrc  and  Talbot,  very 
little  could  be  definitely  predicated  of  the  action  of  li^^lit  in  produ- 
cing other  modes  of  fjrce  ;  and,  even,  since  these  discuvenes,  it  is 
doubted  by  many  competent  investigators,  whether  the  phienomena 
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ni  photography  ait  not  Bwiiilf  dcpendcBt  upon  a  Mparate  agent 

accompanying  light,  rather  than  npon  light  itself.  It  is,  Indeed,  dif- 
ficult not  to  believe  that  a  picture,  taken  in  the  focus  of  the  camera 
ohscura,  and  which  represents  to  the  eye  nil  the  gradations  of  licrht 
and  shade  shown  by  the  original  luminous  image,  is  not  an  ctlect  of 
light ;  certain  it  i»,  however,  that  the  different  coloured  rays  exer- 
cIm  different  actions  upon  variouB  chemical  compounds,  and  that 
the  elbeta  cm  many,  perhaps  on  moat  of  them,  are  not  proportionate 
in  intenaitf  to  the  efieeta  upon  the  vimal  organs ;  thusc  eifeeta, 
however,  appear  to  be  more  of  degree  than  of  specific  difference, 
and  without  pronouncing  myself  positively  upon  tlic  (luestlon,  hitherto 
so  little  examined,  I  think  it  will  be  safer  to  regard  the  action  on 
photogniphic  compoundti  as  resulting  iVum  a  function  uf  light :  so 
^riewing  it,  we  get  light  as  an  initiating  force,  capable  of  producing, 
mediately  or  immediatdiy,  Ibe  other  modes  of  force.  Thnsi  it  imme« 
dialdj  fwdneea  ohemical  action ;  and  having  this,  we  at  onoe  ao« 
qfnire  a  means  of  producing  the  others." 

Mr.  Grove  tlien  relates  the  following  beautiful  experiment,  by 
which  he  conceives  that  he  showed  the  production  of  all  the  other 
modes  of  force  by  light : — *'  A  prepared  Daguerreotype  plate  is  in- 
cloaed  in  a  box  filled  widi  water,  having  a  glasa  front,  witii  a  shutter 
Ofver  it ;  betireen  this  glass  and  the  plate*  is  a  gridbonof  ailver  wire  ; 
tiie  plsie  is  connected  with  one  extremity  of  a  galvanometer  coil, 
and  the  gridiron  of  wire  with  one  extremity  of  a  Breguet's  helix  ; 
the  other  extremities  of  the  galvanometer  and  helix  are  connected 
b^  a  wire,  and  the  needles  brought  to  zero.  As  soon  as  a  beam  of 
ertiier  daylight  or  the  ozyhydrogen-light  it,  hy  raising  the  shutter, 
permitted  to  impinge  upon  the  plate,  tiie  needlea  are  deflected :  thua 
light  being  the  initiating  force,  we  get  ehmical  action  on  tiie  plate, 
efrctririfij  circulatinir  through  the  wires,  nyaertwa  in  the  OoU,  Aeat 
in  the  helix,  and  motion  in  the  needles.** 

We  have  had  some  difficulty  in  selecting  passages  for  quotation 
from  this  publication,  on  account  of  the  profusion  of  interc^iting 
matter  wfawh  H  oontmna,  dumgh  in  ao  small  a  spaee ;  we  believe, 
however,  that  the  selectioiia  which  we  have  given  are  such  as  will 
well  and  aufficiently  illnatrate  the  inteieating  viewa  of  their  author. 

XIL  Fmeeedwgs  of  Learned  Soeieiiesm 

ROYAL  SOCIETY. 

[Continued  from  vol.  xxx.  p.  207-] 

Feb.  11,  "/^N  the  Amount  of  tliu  Radiation  of  Heat,  at  night, 
181-7.  from  the  Earth,  and  from  various  Bodies  placed  on, 

or  near  tlie  surface  uf  the  Earth."  By  James  Glaisher,  Esq.  Coni- 
munieated  by  6.  B.  Aurj,  Esq.,  F.R.S.>  AstroBomer  Royal,  &e. 

The  anthor  eaten  into  a  very  detailed  description  of  the  ooaatra<^ 
tioo  of  the  thermometers  he  employed  in  these  observations,  and 
the  precautions  he  took  to  ensure  their  accuracy  ;  and  gives  tabular 
reoofds  of  an  extensive  series  of  observations*  amounting  to  a  num- 
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ber  considerably  above  ten  thouMnd)  witii  theruionwtBw  plmd  OB 
nearly  a  hundred  different  substances,  exposed  to  the  open  air,  under 
different  circumstances,  and  in  Tiriotti  •tales  of  the  sky>  ai  thm  lioyai 
Observatory  at  Greenwich. 

Feb.  18. — Ou  the  Diitiuui  \  ariatiou  oi'  the  Magnetic  Declina* 
tion  of  8l»  Halaiia."  By  lieut-Coload  EdwiMl  Sabincv  Fbr« 

It  has  long  bM  known  that  the  diurnal  wiation  of  the  magnetia 

needle  is  in  an  opposite  direction  in  the  southern,  to  what  it  is  in 
the  northern  heniisphrrr  •  and  it  "\vas  therefore  prouosed  as  a  pny- 
blcin  by  Arago,  Humboldt  and  oliiers,  to  deteruune  whether  there 
exit>t&  any  intermediate  Hue  of  stations  on  the  earth  where  those 
diuniBl  wiatiooa  disapnear.  The  nmlti  reeorded  In  the  pretenl 
paper  aie  fovnded  on  onwrTationt  made  at  St.  Helena  during  the 
five  consecutive  years,  frcan  1841  to  1845  inclusive;  and  also  on 
similar  observations  made  at  Singapore,  in  the  years  1841  nnd  1>^4*2; 
and  show  that  at  these  statiuim,  which  are  intermediate  betwcLU  ilic 
northern  aud  soutliern  magnetic  hemispherw»  the  diurnal  variatious 
still  take  pUce ;  but  those  peculiar  to  eaeh  hemkphera  preveil  H 
opposite  eeaeoBa  of  the  year,  apparently  in  noeoraanoe  with  IIm 
position  of  the  snn  with  relation  to  the  e  arth  s  equator. 

F»'b.  2'}. — "  On  certain  Properties  of  Prime  Numbers."  By  the 
Hight  Hon.  Sir  I k  derick  PoUook,  M.A,»  F.R.&,  JUordChial  Baron 
of  the  Exche(juer,  ^c. 

The  author  of  tiiiti  paper,  after  noticing  Wilson's  Theorem,  (uub* 
liihed  by  Wario^  about  the  year  1770,  without  any  proof>  wUeh 
theorem  is  that»  if  A  be  a  prime  number,  1.  2.  3. . . .  (A«-i)<^l  la 
divisible  by  A ;  refers  to  Lagrange's  and  Euler's  demonstrations, 
and  nu^ntions  Gauss's  extension  of  the  theorem,  to  any  number,  not 
prime  ;  provided  that  instead  of  1,  '2,  ii,  cVc.  (A  — 1),  those  numbers 
only  be  taken  which  are  prime  to  A,  and  i  be  either  addt:d  or  sub- 
tracted. This  theoiea  was  published  by  Game  without  a  proof  in 
1801»  with  a  rule  aa  to  the  eases  In  whioh  1  Is  to  be  added  or  anb* 
tiaoted,  Ute  eorrectness  of  which  is  quettioned  by  the  author,  who 
proceeds  to  propound  the  ibllo>ving  theore&ii  Whioh  be  had  pf«n» 
ousiy,  for  distinctness,  di^  irit  li  intn  tliree. 

if  any  nuinl)er,  prime  or  nul,  hv  taken,  and  the  numbers  prime  to 
it,  and  lei»b  than  one  half  of  it  be  ascertained,  and  those  be  rejected 
whose  Muares  1  are  equal  to  the  prime  niittber,  or  tome  mnltiple 
of  it  (wnich  may  be  more  than  one),  then  the  product  of  the  re> 
maining  primes  (if  any),  +  1  shall  be  divisible  by  the  prime  number* 

He  gives  as  examplcti,  11.  the  j)nm('s  to  which,  and  le.«s  than  one 
half,  arc  ],  U,  5,  and  1.  IJ.  .5=1');  therefore  1.3.5—1  =  11;  also 
15,  the  primes  to  which  and  iesi*,  are  1^  %  4,7;  but  4x4^16 
sl5  + 1 ;  therefore  4  is  to  be  rejected,  and  J.  S^.  7  -fl^ifi*  The 
anther  adds  another  theorem*  tbat  if  A  be  a  prime  nnmber^  ill  tlw 
odd  nnmbers  le&s  than  It  (rejecting  aa  before) ;  also,  all  the  even 
numbers  (making  the  same  Ideation  eacepi  A*^l)  wl]l|  maltlplM 
together,  be  equal  to  A  ^  1.  / 

The  author  then  proceeds  lo  prove  Gauss  s  extemion  of  Wil8^*s 
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theorem,  and  to  ^ive  tlip  casps  in  which  1  is  to  bo  addcHl  or  sub- 
tracted;  and  in  tho  course  of  the  proof,  he  niciitious  that  tlie  num- 
bers prime  to  any  number  not  only  are  found  iii  paint,  one  greater 
and  oue  tliau  oue>haif  of  tiie  uumbeff  but  that  they  associate 
UMBMlvflB  io  of  foaFi  wiUi  an  odd  pair  in  certain  cmcb.  Tbiu» 
tiM  prioMi  to  7  an  If  S»  8»  4^  5»  6r~ 

VvX  IIm  complem«Qtai  numbers  underneath  crosswise,  thus^^ 

2x4 

X 

X  6 

ttu  that  2-f  5  and  4  +  3  may  equal  7  »  aud  then 
3x5=15=2x7  +  1 

2X3=  6=7-1  txS5=20=3x7— 1 

Multiplied  together  one  way  the  product  exceeds  7,  or  a  multiple 
of  it,  by  1  ;  multiplied  the  otlier  wav,  the  product  is  less  than  7,  or 
some  multiple  of  it,  by  1.  Hy  assuming  the  prime  number  to  be  A, 
and  the  two  priuieB  to  it  to  be  and  that  p  +  ^  be  not  equal  to 
A»  but  jo^ssiA+l,  it  is  shown  that  the  eomplemantal  ptimM 
(k^q)  and  (A^/>)  will  have  a  prodnoteftn'AH:!*  and  that,  in* 
•told  of  U  tlie  nomber  may  be  any  other  prime  to  A.  Upon  this 
foundation  the  author  proofM'd^  to  show  that  Wilson's  theorem,  and 
also  Gauses,  way  bf  nuide  much  more  general ;  that  if  A  be  n  prime 
number,  as  7,  the  numbers  less  than  it  may  be  arranged  in  P&irS| 
not  only  with  rafesenaa  to  !>  bat  to  any  nnmber  kis  tmm  7«  lUa 
4  aa  an  aumplai— 

X 

4    X    6=4x7— 4- 
8    X  5aiSx7-*4 
iherafbva  1 . 8 .  S .  4 . 5 . 6 = 7  n — 4^ ; 

tfierefbre  1.2.3.4.5. 6 +4^ — 7n ;  that  is,  is  divisible  by  7. 

The  same  is  then  shown  as  to  numbers  not  prime,  provided  those 
nundjers  alone  are  taken  whieh  are  prime  to  it,  and  the  nundjer  of 
pairii  will  be  half  the  number  of  primes.  The  general  theorem 
therefore  is  thb ; — ^If  A  be  any  nnmber,  prime  or  not,  and  m  be  the 
nnmber  of  primee  to  it,  which  are  \,p,  7,  r,  Ae. ;  then  1  ,p,q,rfSie^ 

m 

+  Z^  will  be  divisible  by  A,  provided  Z  be  prime  to  A,  wiiether  it 
M  giaaler  or  Iflie. 

It  fdlows  from  this  that  zi+i  must  be  divisible  by  A,  and  there- 
Ibn  dm  a*^l  muet  be  di?iilblo  by  A.  If  A  be  a  prime  nnmbar 
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and  T  a  number  prime  to  it  (which  every  number  not  divisible  by  it 
is),  this  is  Fermat's  theorem,  and  the  author  has  givtrn  a  m  w  proof 
of  it.  But  the  tiieorem  \a  true  though  A  be  not  a  prime  numbery 
provided  z  be  prime  to  A  and  m  w  the  namber  of  primei  to  A* 
and  leas  than  it;  and  instead  of  1«  any  other  namber  ]irime  to  A 
laised  to  the  mth  power  may  be  snbsUtuted :  and  z*— ^"  will  be  di* 
visible  by  A,  provided  z  and  y  be  primes  to  A*  and  m  bethennmber 
of  primes  to  A  and  less  than  it. 

The  author  has  theretuie  in  tins  paper  offered  a  piooi  ol'  Cinuss's 
thturem,  aud  proved  that  it  applies  iu  certain  cases  to  one  half  of  the 
]irime8>  and  in  all  casesi  with  certain  modificatioost  has  shown  thai 
a  similar  property  belongs  to  the  product  of  the  odd  nnmbeis,  and 
also  of  the  even  nnmbers  which  precede  any  prime  number;  and 
lastly,  has  shown  the  intimate  connexion  between  Wilson's  theorem 
and  Fermat's,  and  shown  that  each  is  but  a  })art  of  a  much  mure 
general  proposition,  which,  he  observes}  may  itself  turn  out  to  be 
part  only  of  a  still  more  universal  one. 

In  a  postscript)  the  author  has  shown  that  the  weIl*known  law  of 
reciprocity  of  prime  numbers  is  an  immediate  corollary  from  Us 
theorem ;  and  that  it  mny  be  extended  thus  :  if  A  and  B  be  any 
two  numbers  (not  prime  numbers  !>ut)  prinip  to  each  otiu  r,  and  the 
primes  to  A,  and  less  than  it,  are  (/«)  in  nuuilxT.  and  ilie  biiiiiiar 
primes  to  B  are  then  (A"  —  ])  is  divisible  by  B,  and  ^li"*— 1)  i» 
divisible  by  A. 

**  On  the  reabsorption  of  the  Mixed  Gases  in  a  Voltameter.'*  By 
FlrofesBor  M.  H.  Jacobi,  in  a  letter  to  Miohsel  Faraday,  Esq.,  FJL& 

Communicated  by  Dr.  Faraday. 

The  author  found  that  if  tlu  mixed  gases  developed  from  the 
decomposition  of  water  by  a  voltaic  current,  be  allo\ved  to  remain 
in  the  voltameter  in  which  thev  were  collected,  in  contact  with  the 
fluid  which  produced  them,  they  by  degrees  diminish  in  ▼oIoom^ 
and  ultimately  disappear  by  being  absorbed  by  the  fluid.  He  has 
not  yet  fully  determined  the  precise  conditions  on  which  this  phe- 
nomenon depends;  but  he  is  inclined  to  think  thnf  it  i'?  owiti";  to  a 
portion  of  the  mixe<l  gases,  diffused  throughout  tiie  whole  liquid, 
coming  into  contact  with  the  platinum  plates,  and  being  recombined 
on  the  surface  of  those  plates;  and  this  process  being  renewed  with 
every  fresh  portion  of  the  gases  which  takes  the  place  of  the  Ibraier, 
the  whole  of  the  gases  are  thus  rrr  on  verted  into  water. 

March  4. — "  Researches  into  the  efl'ects  of  certain  Physical  and 
Chemical  Agents  on  the  Nervous  System."  By  Marshall  UaU,M.D., 
F.R.S.,  &c. 

The  professed  olject  of  the  author,  in  the  present  paper,  is  "  to 
detail  the  results  of  an  investigation  of  the  phenomena  and  the  laws 

of  production  and  action  of  certain  secondary  or  induced  conditions 
of  the  nervous  system,  which  are  effecled  by  a  voltaic,  and  proba- 
bly by  any  other  electric  current,  but  persistent  after  tlif  influence 
of  that  current  is  witlidrawn."  This  condition  he  desigtiates  by  the 
new  term  tleclrogmict  as  describing  at  once  the  origin  aud  the  iode* 
pendente  of  Huit  oondltioii.  On  the  present  occasion  he  confiues 
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kimelf  to  tlie  subject  of  the  electrogenio  oooditioii  of  the  nmcnlar 

Beweit  postponing  to  futoxe  inquiries  that  of  the  Incident  nerves 

and  of  the  spinal  marrow ;  and  also  the  modes  of  action  of  other 
physical  and  chemical  agents,  such  as  inechamcal  ii^iiry»  beat  and 
ecAdf  strychnine,  and  the  hydrocyanic  aeid. 

The  bones  and  muscles  of  the  bracliial  lumbar  and  pelvic  regions 
of  a  firog^  being  isolated  from  all  the  other  pertt  of  the  body,  ezoept» 
ing  oolj  by  means  of  their  respective  brachial  and  lumbiur  nervei, 
whteh  were  perfectly  denuded  on  all  sides,  and  raised  from  the  glass 
on  which  the  limbs  were  laid,  a  voltaic  current  from  a  pair  of  the 
"couronne  de  tasse^i"  was  passed  downwards  through  the  nerves,  in 
a  direction  from  their  origin  in  tlie  spinal  marrow  towards  their  ter- 
miDations  In  the  masclee.  Energetic  musenlar  movements  were  at 
first  excited ;  and  the  caiieDt  was  thus  eontinned  during  the  space 
of  flve^  ten,  or  fifteen  miBUteib  end  at  the  end  of  this  period  was 
withdrawn.  No  sooner  was  the  eiivrent  discontinnod  than  the  mus- 
cles  were  affected  with  spasm*  ile  contractions,  and  with  a  lofnnoid 
rigidity,  coostitutiDg  the  secondary,  or  what  the  author  denuini nates 
i&  dtein^ie  cmmfon;  an  effect,  which  as  instantly  subsides  on 
the  nstoration  of  the  voltaic  cnnent 

The  author  pfoeeeds  to  state  the  precautions  which  must  be  tahen 
to  en«ure  the  success  of  experinuMits  on  this  suhjeet;  and  traces  the 
cttects  of  de'^if'fnTirtn  ni'  thr  nerves  from  spontimeous  evaporation, 
and  of  the  apjilication  of  external  mui:«ture,  on  the  phenomena ;  and 
also  the  modifications  introduced  by  varying  the  extent  of  voltaic 
oontact.  Vaiione  experiments  are  then  oescribed*  which  the  aotiior 
instituted  with  a  view  to  ascertain  the  natnre  of  the  electrogenic 
condition  of  the  nerves,  and  the  circumstances  under  which  it  is  in- 
duced ;  and  he  is  led  to  tiie  conehi^iinTi  that  the  phenomena  involve 
some  voltaic  principle  whieli  has  not  hitherto  been  fully  investigated. 

March  II. — ''On  the  cause  of  the  discrepancies  observed  by 
Mr.  Baily  with  the  Cavendish  Apparatus  for  determining  the  Mean 
Density  of  the  Earth."  By  George  Whiteburst  Hearn,  Esq.,  of  the 
Koyal  Military  College,  Sandhurst.  Communicated  by  Sir  John 
F.  W.  Hf  rsriiel,  Bart.,  F.R.S. 

After  takiijg  a  summary  review  of  the  tiietiiods  employed  by  Mr. 
Baily  for  determining,  on  the  plan  devised  by  Mr.  Cavendish,  the 
mean  deasity  of  the  earth,  and  of  the  anomalies,  hitherto  unao- 
eoonted  for,  which  had  introduced  perplexity  in  the  results  obtained, 
the  autboTy  suspecting  that  these  anmnalies  had  their  source  in  the 
variable  magnetic  states  of  the  tn?is«cs  which  were  the  subjort  of 
rxperjtnc?!^,  traces  the  effects  which  such  an  intlurnce  might  be 
suppo:icd  to  have  on  those  results.  He  finds  that,  the  attraction 
aranag  from  gravitation  between  a  mass  and  one  of  the  balb  being 
cxosedingly  mioute,  an  almost  ioconcmvahly  feeble  magnetic  state 
may  be  the  oaase  of  great  perturbations.  He  then  proceeds  to  iu' 
v<'sficrat'«  the  subject  by  the  applieatioTi  of  mathematical  analysis; 
from  which  he  i**  l<>d  to  tl»e  conr!u«ir;n  ilrai  ilie  masses  and  balU  do 
actually  exert  on  one  another  intiuences  winch  are  independent  of 
^te  action  of  gravitatioo.   He  finds  that  such  influences  are  of  a 
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f  ery  fluotoatiilg  nittlft  i  the  action  ariding  from  them  being  either 
positive  or  negative,  and  its  sign  also  changing  in  each  revolution 
ai  the  masses  are  ttinuri  round  aTcrtical  axis?  and  he  ob8<^rvra  that 
such  action  mny  either  tall  short  of  that  arising  from  gruvitution  or 
exceed  a  uiany  times.  Such  disturbing  force  he  conceives  cau  be  no 
otiMT  than  ft  magnetio  influenoe  i  not  oowevor  one  of  tiM  ordinary 
kind,  bat  that  which  Fkrailay  bm  MMiitly  diMOWid  •■  oitMiDg 
oil  diaroagnetic  bodies. 

T)if^  aMtlif»r  ponrlu ill  ?  hv  proposing  methods  by  which  the  inquiry 
fhouUl  in  tutufc  (■nii(lni't''(],  as  to  obviate  or  eliminate  this 
source  of  citoi-.  buck  uii  inquiry,  he  remarki),  would,  by  exhibit- 
ing the  magueliu  and  diamagnetic  powers  under  new  aspectii  iMdp 
in  nil  pfoboMlity,  to  important  oonaeqnonoMt 

March  18.—*'  Researohtt  to  determine  the  Number  of  Species 
nrul  tiie  ISIude  of  Development  of  thr  Tlritish  Triton."  By  J.  Hig- 
gin bottom,  Esq*,  F«H»C«fi.  Communicated  by  Thomas  lieU,  Eiq^ 
F.R.S. 

The  observations  of  the  author,  of  which  he  gives  a  detailed  ao- 
oOQflt  in  tin  |)neent  nemolr»  luif  o  led  him  to  tho  Iblloiring  eon- 
duaiona:— 

Two  spnelrs  only  of  the  genus  Triton  are  met  with  in  England ; 

naniely,  the  Triton  verruama  and  the  Lusn-triUm  putu  fotft^.  It  is 
three  ycar.H  before  the  nniiuid  Is  rapahle  of  jiropnc^ting  its  sjiecie**, 
and  four  years  before  it  attaius      full  growth.    In  its  tadpole  state) 

it  femaint  in  the  water  till  ito  lege  acmiifo  svfllolent  straigth  to 
qnaltiy  It  for  progfessive  motion  on  land.  While  a  land  animali  it 

is  in  an  active  state  during  the  summer,  and  Uie  winter  in  a 

state  of  hybernation  {  but  does  not  then,  as  has  been  erroneously 
supposed,  remain  at  the  bottom  of  pools*.  Very  dry.  or  vwy  wet 
situations  are  incompatible  with  the  preservation  ut  iilu  durnig  the 
period  of  hybemnllon.  At  the  expiration  of  the  thifd  year,  the 
trtlOB  nviilli  the  water,  in  the  spring  teaaoo,  for  the  porpoaea  of 
reproduction,  and  again  it  at  the  commencement  of  autumn. 
Impro^^nntinn  \^  neeomplished  throngh  the  mtMlitnT!  of  water,  and 
not  by  art  Hill  contact.  The  growth  and  development  of  the  triton 
are  nmienaily  influenced  by  temperature,  and  but  littla  by  the  action 
(tf  light.  Tne  triton  posseises  the  power  of  reproducing  its  lost 
limbic  provided  the  temperature  be  within  the  Unite  of  and  7<ff* 
Fkhimrit;  bnt  at  lower  femperatnreii  and  daring  the  wintii^  II 

has  no  fUch  poorer. 

April  On  the  Proper  Motion  of  the  Solar  System."  By 

Thomas  Galloway,  Esq.,  A.M.,  F.R.S. 

The  object  of  this  paper  is  to  communicate  the  results  of  a  calcu" 
lalioD  for  doiennioliig  the  dlieotion  of  the  proper  OMition  of  Iho 
iolar  syiitem  from  the  apparent  proper  motiona  of  tCan  In  tho 
•Ottthern  hemisphere,  deduced  mostly  from  a  comparison  of  the 
obscrvntions  mude  by  Laeaill»'  nt  the  Capo,  nbout  tlu^  middle  of  tho 
last  century,  with  the  recent  observntion?*  of  Mr.  .loiitison  ami  tlie 
late  i^'ofetisor  Henderson  at  St.  Helena  and  the  Cape  respectively. 

After  adverting  to  the  papen  of  ttr  WHttnm  HMwbd  in  M  Fhito- 
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iophical  Transactions  for  1783  and  180d|  uuU  some  other  iiivesti- 
gationa  of  tb«  mim  subjout,  tba  author  rtmarka  that  tip  to  « 
wiaiuH  period  attfODomers  seem  geneiaUy  to  hav«  eotertaiaed  the 

opinion  that  our  knoM'Ieiigc  of  the  proper  motions  of  the  stars  is 
not  suffioiontly  advanced  to  c n  il)!  ^  ii-^  tn  pronounce*  positively  cither 
on  th(  {;u  t  or  the  direct  ion  ol  the  luotiou  of  our  own  system.  This 
q>iuiou  was  grounde  d  on  the  discrepancies  which  present  them- 
Mtvai  whan  it  la  attempted  to  oiplaiti  the  ohiervad  diaptaceneota 
ofindhrldval  atatt  bTraferriDg  then  to  the  moUoB  of  the  auu  in  an 
opposite  direction ;  it  being  always  ftmnd  that  Whatever  dlfoeklon 
is  H'^signed  to  the  sun's  motion,  there  are  nmnv  '■■inr^  whose  proper 
motions  cannot  thereby  be  accounted  for.  But  it  the  sun  be  in 
motion  it  is  very  improljable  that  any  star  is  absolutely  at  rest; 
hence  the  proper  motions  deduced  from  a  comparison  of  catalogues 
■Mm  be  regarded  ae  the  efRMt  partly  of  the  tree  proper  motloiw  of 
tlM  itan,  and  partf  j  of  the  appite&t  systematic  or  panllaiMio  mo* 
tion  caused  by  the  diipiacement  of  the  point  of  view ;  and  as  we 
have  no  ren«'on  for  supposing  tho  true  propf-r  motion  of  a  stnr  to  be 
more  probable  in  one  direction  than  in  another,  it  may  hv  (  \))ectccl, 
a  pnori,  that  the  observed  directions  will  form  angles  of  ail  ditiereiit 
vnUui  erlth  the  direction  of  the  ana'a  motion>  or  any  other  fiaad 
Knob  The  obaerved  dieerepaneiea  are  therefore  not  inoompiiiblo 
with  a  general  drifting  of  the  stars  towards  a  particular  re^on  of 
tlie  heavens;  but  in  order  to  deduce  the  direction  of  the  svstt'matic 
motion,  it  brcnmp-  nrTp'^ary  to  take  account  of  a  very  considrrnbic 
number  of  ptojiei*  luulions.  a?id  to  represent  them  by  equations, 
involving  the  uiikuown  quunlities  required  lur  determining  the 
dtreetkpa  of  the  aun'a  modon>  and  to  aolve  the  eqnatiooe  eo  ae  to 
obtain  the  most  probable  values  of  those  qaantitk^.  The  first  person 
who  investigated  the  subject  under  this  point  of  view  was  Proftsssor 
Areelnnflf  r  of  Bonn,  in  a  paper  published  in  the  Petersbuv«r  ^T^r- 
moir^  for  Ih.iT.  From  tlie  proper  motions  of  990  stnr««  dniuced 
irom  a  comparioun  of  Besj»el's  catalogue  of  Bradley's  ubacrvations 
with  bia  own  catalogue  of  stars  observed  at  Abo,  Argelander  found 
the  direction  of  tlie  ann'a  motionf  for  17dS*5i  to  be  towarda  the  point 
of  tlie  sphere  whose  right  eaoenalon  ia  SSB^  47''6  and  declination 
+  32^  29  *5.  Lundahl,  subsequently,  from  a  comparison  of  the  places 
of  11-7  stnr«j  in  the  catalog^uos  of  Bcssseland  Pontl,  and  not  included 
among  lliOMe  considered  l)y  Argelander,  found  ihc  l  u-urdinates  of 
the  poiut  iobeAl=s^2o2  24*''1<,  Dec.+  1'^°  2G'-1  i  and  Otto  8truve» 
etm  mom  reeentlj,  from  the  compariton  of  about  400  of  Bradley'e 
etan  with  the  poeitiona  detaroiio^  at  the-Dorpat  Observatorji  ob* 
tained  the  result  ^=261''  2S'*1,  Deo»+S7''  S5''7.  The  mean  of 
those  results  tai^en  with  respect  to  their  probabh;  erroi%  waa  found 

1^    by  O.  Sirnve  to  be  .11=259''  9H,  Dec. -f  [n""  'AG'-'). 

y  AU  tlie  «tars  included  in  the  calculations  of  Argelander,  Lundahl, 
and  O.  Struve  being  situated  to  the  north  of  the  tropic  of  Capri* 
oora»  it  appeared  to  be  a  point  of  eome  Inteieat  to  deteimine  who- 
tfaer  the  southern  stars  agree  with  the  northern  In  their  indication 
of  the  diteetion  of  the  eUar  motion,  or  eflbrd  any  oonfirmation  of 
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the  hypotlKnie  of  the  sun's  tranalatioo.    Unfortunately,  we  liAf« 

no  observations  made  in  the  southern  hemisphere  in  the  last  o^torf 
equal  in  precision  to  those  of  Bratllfv,  hut  the  catalogue  given  by 
Lacaille  in  his  *  Astronoiniee  Fundanu  nta,  furnishes  a  means  of 
comparison  of  considerable  value  in  n  ierence  to  the  pr^ut  in- 
quiry. In  Mr.  Jobmoii*!  'Catalogue  of  606  Stan  in  the  Southern 
fiemiai^re*  (London,  18S5)»  there  are  aixly^one  which,  on  ooa^ 
paring  their  plaees  in  1830  w  ith  those  of  Lacaille  reduced  to  the 
same  epoch,  appear  to  have  shifted  their  positions  not  less  than 
in  space  in  the  interval  of  eighty  years  between  thf-  epochs  of  the 
catalogues,  or  to  have  an  annual  ])roper  motion  ol"  jiot  leJ«s  than 
one>teutb  of  a  second  in  space.  Prof.  Henderson  s  catalogue  (Mem. 
R.  AfltroD.  Societjr*  ▼ob.x.  and  xv.)  furnishes  thirtj-six  stars,  which, 
on  a  like  comparison,  appear  to  liave  an  annual  proper  motion  ex- 
ceeding the  same  limit.  Of  these,  however,  thirty-two  are  eontained 
in  Mr.  Johnson's  catalogue,  but  Henderson  gives  the  proper  motions 
of  sixteen  other  stars  (In  the  southern  hemisphere),  from  the  coni- 
parison  of  hb  own  places  with  those  of  Bradley.  On  the  wiioie, 
therefore,  the  two  catalogues  famish  eighty-one  different  stars  whose 
proper  motions  are  given  both  in  right  aseension  and  dedinaticiu 
The  method  of  investigation  is  the  same  a»tliat  of  Aigdander.  Fkon 
the  differenees  of  Ai  a?)d  Dee.  given  by  comparison  of  the  cata- 
logues, the  direction  of  the  apparenl  motion  of  each  star  is  com- 
puted. It  is  then  assunuKl  that  the  sun  is  moving  towards  a  point 
vrhose  right  ascension  A =259°  46'*2  and  declination  Ds-j-S^^ 
fSf'Qi  and  the  direotioa  in  which  each  star  wonld  appear  to  move^ 
if  it  were  itsdf  at  rest,  is  computed  on  this  hypothesis.  The  diftr- 
ence  of  these  two  directions  is  treated  as  an  error  of  observation^ 
and  its  numerical  value  substituted  for  the  ditferential  of  thr  nngle 
which  determines  the  tiircction  of  the  parallactic  motion  ;  this  diffe- 
rential being  expressed  by  a  formula  containing  the  diflerentiab  of 
A  and  D  mnltipUed  by  xnown  ooeffioieDts.  An  equation  la  thus 
obtained  of  the  form 

OaioifA+MD+ii, 

in  which  <i,    and  n  are  Imown  qnantities.  Each  star  fnraishes  a 

similar  equation  ;  and  the  equations,  being  first  multiplied  respec- 
tively by  the  sine  of  the  star's  distance  from  the  point  assumed  as 
the  apex  of  the  sun's  motion,  in  order  to  eive  them  all  the  same 
wciglit,  are  solved  by  the  method  of  least  squares,  and  the  result- 
ing values  of  A  and  dD  applied  as  corrections  to  the  assumed 
valaes  of  A  and  D.  The  results  are  as  follows  ;-^e  whole  of  the 
eighty-one  equations  give  (for  1790)  as  co-ordinates  of  the  point 
towards  which  the  son's  motion  is  directed, 

But  two  of  the  Stan  compared  with  Lacaille  move  in  a  directSon  so 
nearly  opposite  to  that  of  their  motion  on  the  assumed  hypothesis, 

that  (in  one  c&«c  especially)  a  slight  error  of  observation  would 
change  tlie  sign  of  ii  in  the  equations  of  condition.  It  therefore 
appears  necessary  to  r^ect  those  two  stars ;  and  a  iunlier  reason 
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for  idMliiig  Aea  1%  that  llMyare  both  titQated  wiOibS^of  the 
pole,  m  which  podtioo  Ltoeille'e  determhiatioii  of  the  i%ht  eioeii* 
■km  is  probably  not  to  be  depended  upOD.  Setting  aside,  there- 
fore, the  two  elMB  io  qoeitioD,  the  Temetiung  leventy-niQe  eqnir 

tioos  give 

The  author  further  obeerves,  that  one  of  the  stars  coioparod  \\  ith 
Bradley's  catalogue  is  nl-*o  remarkable  as  appparing  to  move  in  a 
direction  nearly  opposite  to  the  moan  direction  of  the  wliole,  and 
that  if  this  star  be  rejected  also  on  account  of  the  great  probability 
there  is  that  the  parallaotie  motioa  is  in  thie  oeie  eoncealed  by  the 
larger  proper  motion  of  the  star  ilielf  in  eo  oppoeite  direotioot  the 
co-oidiuatee  of  the  aolAr  mgm^  become 

M^mf  47'-*+4«  Sl*^;  Dec=  +34*  lO'-S+S*  17'7» 

a  resoU  diirertDg  less  than  a  degree  either  in  right  ascension  or  de- 
cUoation  from  the  mean,  as  above  stated,  of  the  three  previous  do- 
termioationB. 


XIII.  Intelligence  and  Miscellaneous  Articles, 

AGTIOir  OF  CHLORINB  ON  ALG0H0I*.~FO1IHATI0II  OF  ACBTAL* 

MSTAS  states  that  he  has  observed  that  the  causes  which  give 
•  rbe  to  acetal  arc  not  always  oxidating  causes.  When 
chlorine  is  made  to  act  upon  elcblibl*  acetal  is  the  principal  product, 
us  long  as  it  does  not  act  by  substitution,  and  it  is  st  once  a  dc  hy- 
drogenating  and  an  oxidizing  body.  This  discovery,  the  author  is 
of  ojiininn,  throws  great  light  on  the  hitherto  obscure  action  of 
chlorine  upon  alcolioL 

In  order  to  obtain  acetal  by  the  action  of  chlorine  upon  alcohol, 
it  is  suffidoit  to  pass  a  current  of  chlorine  into  alcohol  of  80  per 
cent.,  cooled  to  or  flO*  F.  llie  action  is  to  be  discontinued 
when  chlorinated  bodies  commence  formation  by  substitution  :  this  is 
readily  ascertained,  for  the  alcohol  then  becomes  turbid  on  tlie  addi- 
tion of  water  ;  the  liciuid,  whicli  has  become  very  acid,  is  to  be  di- 
stilled, and  one-fourth  of  the  quantity  i^  to  be  prcbcrvcd.  This  is  to 
be  neutralized  by  means  of  chalk,  and  by  a  ft'esh  distillation  one- 
fourth  of  the  product  is  again  to  be  ohtasned ;  in  this  fused  chlonde 
of  caJdnm  is  to  he  dissolved,  which  immediatelj  separates  n  huge 
quantity  of  a  very  volatile  fluid,  containing,  like  common  roo^ 
nrctnl  Klilehyd,  acf'tir  u'tluM"  nnd  alcohol;  by  the  addition  of  more 
chlonde  of  calcium,  tiie  utmost  quantity  of  alcohol  and  acetic  aether 
are  separated ;  the  purihcution  of  the  acetal  is  to  be  completed. 

Hm  aaalyris  el  tiie  ecetal  thus  obtained  was  nmilar  to  that  pro- 
cored  in  the  usual  way;  and  thus  ^  efalcvtne  acts*  as  abeulj 
stated,  both  as  a  dehydrogenating  and  oiidizing  body:  C**H**0''f> 
2Ch^8llO»C»H>H)«+aCH+2Ha-*-ilm.  ie  Chm.  et  ie  Pkf$., 
Feb.  1847. 
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BItfUOATA  Of  IBOH  OR  FBRBPGIM0U8  F7ROXSNI, 

This  new  mineral  is  described  in  a  memoir  presented  by  M.  Du- 
frdnoy  to  the  Academy  in  the  name  of  M.  Gruner,  mining  engineer, 
and  Profe  ssor  in  the  School  of  Mines  at  ht.  Rtienne.  It  correaponds 
in  composition  to  a  pyrox.eae  with  a  base  of  iron. 

M.  j3ruDer  states  that  tbis  mineral  resemblm  certain  varieties  of 
asbestos*  or  more  nearlv  fibrous  amphibole.  Its  specific  ^vity  is 
3'713«  which  exceeds  that  of  the  densest  epidotes,  amphibolM  or 
pyroxsm.  fiy  unalysis  M.  Onmer  obtained— 


Silica   43-9 

Protoxide  of  iioa   52*3 

Lime   '5 

Magnesia  .«...  I'l 

AlunuBm   19 

99-6 


Admitting  that  the  greater  portion  of  the  foreign  bases  is  derived 
from  a  small  quantity  of  the  gangue,  it  will  be  seen  that  this  mineral 
is  bisiiicate  of  Iron,  or  fenruginoos  pyroxene  with  one  base  only.— 
CoMptetf  JCemfttf,  Mai  5,  1B47. 


CHLOROSIJLPHURET  OF  SILICIUM. 

M.  Isidoro  Pierre  states  that  when  hy  lro-nlphuric  acid  nnd  chlo- 
ride of  siiiciuui  in  vapour  are  passed  througli  a  ])orcelaiu  tube  heated 
to  redness,  they  react  upon  each  other :  much  hydrochloric  acid  is 
prodooed,  which  is  disengaged  witli  excess  of  hydrosulphnric  aoid 
gas  and  a  little  cbhmde  of  silioium,  which  escapes  the  reaction. 

if  the  products  of  this  reaction  be  passed  into  a  U-shaped  tube 
immersed  in  cold  water,  a  fuming  liquor  condenses,  whicji  has  a 
sharp  foetid  odour,  rcscmbHug  that  of  hydrosulphnric  pf^id  and  chJoride 
of  sulphur,  i'be  liquor  thus  obtained  was  slightly  opake  by  sul- 
phur mpended  in  it:  this  was  deposited  by  being  left  Ibrty-eight 
honra  in  a  well-stoppered  bottle.  There  were  also  deposited  on  the 
sides  of  the  bottle,  clear  lemon-yellow  crystals,  whidi  were  sulphur 
in  the  form  of  oblique  rhombic  prisms,  without  any  modification. 

The  condt  iT^ofl  liquor  ha^  consequently  the  power  of  dissolving 
sulphur,  and  ui  dcpostiling  it  m  crystals  belonging  to  the  same  system 
as  those  whieh  are  obtained  in  the  dry  way.  Tm  amallnftw  of  these 
crystals  prevented  the  author  from  determining  their  angles  \  but  he 
reckons  upon  bdng  able  soon  to  do  so.  No  sensible  traces  of  sul- 
phuret  of  sihcium  were  found  in  the  minute  deposit  produced  in  the 
porcelain  tube. 

The  liquid  condensed  in  this  operation  wa^  di&tiiied  m  an  oil-bath 
from  a  retoft  furnished  with  a  thermometer :  the  moie  volatOe  por- 
tions,  which  usually  distil  firom  140°  to  176"  F.»  were  rqeoted. 

They  consist  principally  of  chloride  of  silicium  mixed  with  a  small 

quantity  of  chlorosulphuret.  Afterwards  there  is  obtained  a  limpid 
colourless  liquid  which  funH°  iti  the  air,  and  hu»  an  udoux rCSCmbliog 
that  Qt  chiunde  of  gilicium  and  hydro&ulphunc  acid. 
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Its  specific  gravity  at  60°  F.  is  about  1*45  ;  that  is,  a  little  less 
tiian  that  of  chloride  of  silicium.  When  it  is  thrown  into  water,  it 
occasions  an  abuudaut  difccnga^ment  of  Rulphuretted  hydrogen  gas 
und  a  slight  deposit  of  sulphur,  It  boils  at  above  212^  F.  ^  but  the 
■maU  quantity  obtained  did  not  allow  of  aM«rtaiiiiii|;  iti  eiact  boil- 
ing-point* 

By  analysis,  it  yielded  such  proportions  of  its  conititoenti  aa  to 
ipdi^kte  for  its  formula  CI*  S  Si,  wlufik  would  give — 

Chlorine    ,  Gj47 

Suljihur   14"83 

Sihciam   1970 

lOOOU 

M.  Fterrc  proposea  tiift  name  of  ejUSorom^ibrvl  tfMehm  ficnr  thia 
coiiipoii]id.-.-iMI,  Mai  5, 1847. 


MSTBOBOLOGICAL  OBSERVATIONS  FOR  MAY  1847* 

ChUwick. — May  1.  Very  fine.  2.  Cloudy.  Haln.  4.  Cloudy.  5.  Cloudy 
Aod  Hut,  6.  blight  f<^  ;  fine.  7.  Overcasit ;  bhowery.  8.  Rain.  9.  Fine : 
•loadvt  dwMwIy  ■fH'—it t  nrfo.  la  Vmf§»$t  sM^t  titmnm  H*  Ctoudy. 
IL'.  "\  cry  fiiu'.  15.  Clou  Jy  and  fio«  I  Aonrtii,  14.  ohowery.  15.  Fine:  rain 
•toiicUt.  16.  fisio;  cloudy*  rjUpaiiddil*  17-  Cloii^.  1«.  Fijie;  rain. 
19, 90.  Cloudy  md  dn#.  fl*  M.  Vety  me.  fS.  Very  not  and  fultry*  94* 
Cloudy  and  fine.  25 — 27.  Very  fine.  28.  Slight  base  :  sultry.  'J9.  Cloudy  : 
UlUJuler  and  heavy  rain.    SO.  Clear  and  fioe.   Si.  Cloudless :  exceedingly  fine. 

Mean  temperature  of  the  month   56°'83 

•  BftMl  iMIiptniture  of  May  1841}   ••«.••..  56  *16 

AT<vTi\  teTnpt'rnlnre  of  Mny  for  ihe  laSt  twenty  years    ...  55  *01 
Average  auiuuut  ot  rain  iu  M«y   ,   inch. 

Boilon. — May  1.  Fine.  2.  Cloudy:  rain  early  a.m.  :  rain  v.m.  S.  Cloudy: 
1^  A.M.  and  r.M.  4.  Cloudy.  5.  Fine :  rain  p.  u.  6.  Cloudy.  7.  Fine:raili 
P.M.  8.  Cloudy  :  rain  r.M.  9.  Cloudy.  10  Cloudy  :  rain  early  a.m.  11.  Rain, 
m,  Finet  raii)>  with  thunder  r.M.  13.  Finu :  rain  i-.m.  14,  15.  Fiti»:  raiu 
AM,  16.  Bain:  rain,  with  thunder  p.m.  17.  Cloudy.  18.  Ooadys 
r»fn  r.U.  19,20.  Cloudy  21—24.  Fine.  '25.  Windy.  'JfJ,  Fine.  28. 
•  FiiMt  1  o'clock  P.M.  thenuometsf  88°.  S9,  Hsin:  4  o'clock  a.m.  lliMuder,  bail 
aadnin:  isfaall  olgyil.  30^  FEm:  niaMriy  a.ic  Si.  FImw 

Sandwidc  Mimmt  Orkney. — Mi^l.  Bright  i  clear.  2.  Briglitt  dflDa.  S. 
Bright :  clear.  4.  Bright:  ddmp.  5.  Fine.  6,7.  Cloudy  t  damp,  8,9.  Drfi^lo- 
fog.  10.  Clear:  fine.  11.  Cloudy :  rain.  lit.  Rain:  cloudy.  18.  Cloudy. 
|4»BiJBtfiig«  Id.  nraipt  «da:fbg.  10.  Briglift  dandy.  17,  IB.  Cloudf : 
dear.  19.  Showers:  drizzle.  I?0.  Fog :  cloudy.  21.  Bright:  rain.  22.  Showers. 
SS.  Clear.  24.  Fine.  25.  fright :  cloudy.  26.  Bright :  show«)rs,  87.  Fum  i 
daar.  88.  fSatt  tloiidyt  lla*.  99,  Baiot  Ausdert  cloudy t  aait  80.  Cltirt 
iMk  81.  Cliwdyc  iaiw 

Apptegarih  Mante^  Dumfriet'thire. — May  1.  Fine  summer  day.  2.  Mild : 
•bowers.  S.  Cloudy :  keen.  4.  Spring,  but  keen.  5.  Cold :  wet  p.m.  6.  Grow- 
ing:  wet  r,M.  7.  Dull :  showers.  8.  Dull :  wet  p.m.  9.  Mild:  duU:  wet  p.m. 
10.  Pine giowine day.  11—14.  Dull:  showers.  15.  Fine suniDcr day.  16. 
Stormy :  wet  all  day.  17.  Wtl  and  ro!*l.  18.  Wet  and  stormy.  I^i.  DnM  ; 
wet.  -  20.  SuDishiuc  :  fine.  21.  Dry;  cloudy.  ^2.  Cloudy:  showers.  2^.  \\  aim: 
thunder :  rain.  24.  Fine :  elear:  wet  p.m.  25.  Migh  wind:  cllMr«  '2V>.  V\rmt 
clear :  light:  cloudy.  27.  Fine :  clear :  thunder  28.  Fine ; ndfiblb  90.FiMl 
besvy  rain  P.M.    SO.  Fine:  warm.    81.  Uemarkably  fine. 

Mean  tempenluw  of  Uie  montii   51^1 

Mean  temperntiirr  of  May  IS'IG   52  '6 

Mean  temperature  of  May  for  twenty-five  years   51  '1 

llMBialaiaMqr  ftirtwsnty  years  ....„.*••*..* 
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XIV.  On  a  new  VoUaic  Balttry^  cheap  in  Us  eotishnction  and 
me,  and  more  powerful  than  any  Tiattenj  yet  made :  and  on 
n  cheap  sidtsiitulc  fur  the  nitric  acid  o/' Grove's  Plnfina 
Jiaftrry,    Bi/  the  Rev.  N.  J.  Callan,  Professor  qf  Haiural 

rhilosophy  tn  the  Royal  College,  Maj/nooth*. 

COME  time  ago,  whiUt  I  wm  reflecting  on  the  principle  of 

*^  action  of  Grove's  and  Bunsen's  batteries,  it  occurred  to  me 
»  ttmt  lead  might  ho  stibstllntcd  for  tin*  |)latiiia  oi  the  former  and 

tlic  carbon  of  llie  latter,     i  put  mio  tiiu  porons  cell  ofn  Grove's 
battery  a  piece  of  lend  about  j'^Uiol  an  inch  ihickj  two  inches 
broati  and  six  inches  lonjj.    I  found  that  the  voltaic  cm  leiit 
jyroduceil  by  tlic  lead  excited  by  a  nuxlure  of  concentrated 
nitric  and  sulphuric  acid  was  very  powerful.    I  afterwards 
compared  the  power  of  this  leaden  bettery  with  that  of  e  pis- 
tine  one  of  the  tame  stse,     sendioj;  through  the  helix  of  a 
galvanometer^  at  the  same  time^  but  in  opposite  directions^  die 
^  cnrmnts  produced  by  the  two  batteries.    Both  batteries  were 

chargeit  with  the  tame  acids :  the  lead  and  platina  were  ex- 
citetl  by  eoncentnited  nitric  and  siiiphuric  acid,  and  the  zinc 
by  dilute  sulphuric  acid.  The  current  from  the  platina  bat- 
tery drsttoyed  the  deflection  produced  by  the  leaden  one,  and 
caused  ;m  cppo'-ite  deflHction,  which  indicuteti  iliat  the  foi  iiu  r 
current  was  aboui  luirr  ::s  sUunir  ns  the  latter,  'i  lie  two 
baUeries  were  (eti  WiijkiMii  h"  abuui  ihnc  hours  and  a  half. 
At  the  end  of  thai  time  the  current  troni  die  lead  vsas  uU»ut 
twice  and  a  half  as  powerful  as  the  current  from  the  platina. 
The  quantity  of  lead  diiselfed  during  these  three  hours  and 
a  half  was  very  small. 

It  struck  me  that  by  diminishing  the  action  of  the  adds  on 
the  lead)  I  miglu  increase  die  power  of  t\\t  battery.  1  ther^ 
fiNre  €0¥ered  a  leaden  pfaite  with  gold  leef>  and  coated  another 

*  CommuDicBted  by  the  Author. 
PAii.  Mag.  S.  9.  Vol.  81.  No.  506.  Jn^.  1 847.  G 
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of  the  same  size  with  chloride  uf  goldy  in  the  same  way  in 
which  sheet  silver  is  platinized  for  Smee's  batteiy.  These 
plates  and  a  platina  one  of  the  same  size  were  put  successively 

into  the  porous  cell  of  a  Grove's  battery,  and  the  voltaic  cai^ 
rent  sent  through  the  helix  of  oar  large  electro-magnet,  lu 
which  the  iron  bar  is  about  thirteen  feet  lon^  mid  two  aiid  a 
half  inches  thick;  the  copper  wire  is  about  500  feet  long  and 
one-sixth  of  an  inch  diameter.  The  magnetic  pDwer^iven  to 
the  electro-magnel  by  the  leaden  plate  coaletl  wiili  clilui  uleuf 
gold,  appeared  to  be  equal  to  ihut  which  waspruduced  by  the 

1>hitina  pUite.  The  tnasnetic  effect  of  the  current  from  the 
eaden  plate  covered  wltn  gold  leaf  was  not  so  great  A  coat- 
ing of  chloride  of  platina  was  afterwards  found  to  answer  as 
well  as  one  of  chloride  of  gold. 

Some  days  after  a  leaden  and  platina  battery  of  the  same 
size  were  left  working  for  four  hours  and  a  half*  At  the  end 
of  that  time  the  lead  plate  acted  fully  as  well  as  the  ]ilatina. 
When  the  nitric  acid  was  so  much  exhausted  that  the  lead 
was  bart'!}'  tajiubic  of  magnetizing  the  large  electro-magnet  so 
as  to  make  it  sustain  a  certain  weight,  tin.  icadcii  plate  was 
taken  out  of  the  porous  cell,  luid  a  platina  plate  of  tiie  banie 
size  put  in  its  stead.  Jdie  platina  })late  wns  not  able  to  nuike 
the  tlecuu-iuagiiel  i)Ustain  the  weight  which  liie  lead  iiad 
caused  it  to  sustain. 

The  magnetizing  power  of  the  platinized  or  gilded  lead  and 
platina  hatteries  was  compared  several  times  m  working  an 
electro-magnetic  machine.  On  these  occasions  the  power  of 
the  leaden  battery  was  evidently  superior  to  that  of  the  pla- 
tina one.  Sometimes  the  platina  plate  was  taken  out  of  the 
porous  cell,  and  a  platinized  or  gilded  lead  plate  of  the  same 
size  put  in  its  place  :  the  velocity  of  the  machine  was  instantly 
and  considerably  increased.  The  same  eHTect  was  produced 
when  the  platina  jilale  was  taken  out  of  tlie  ceil  and  a  plati- 
nized platina  one  put  in  its  stead.  Hence  it  appears  that  a 
leaden  plate  coated  with  chloride  of  platina  oi-  gold,  or  a  pla- 
tinized platina  plate,  produces  a  more  powerful  voltaic  cur- 
rent than  a|}lutina  nlate  does.  On  the  24th  of  last  May,  a 
small  piatinixed  lead  battery  and  a  Grovels  battery  of  the  same 
size»  were  exhibited  before  the  Roval  Irish  Academy*  The 
power  of  the  former  was  obviously  superior  to  that  of  the 
latter.  By  using  double  leads  and  single  zincs  instead  of 
double  zincs  and  single  leads,  the  power  of  the  battery  appears 
to  be  increased,  when  the  lead  plates  have  been  used  for  a 
long  time,  they  require  to  be  newly  gilded  or  platinized.  After 
being  used  tfiey  should  be  rinsed  in  w-uer,  aud  dipped  into  a 
weak  solution  of  chloride  ol  gold  or  platuuu 
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Seeing  that  the  conceiiu  aied  acicU,  by  dissolving  the  lead, 
removed  the  gold  or  platina  powder,  and  that  the  nitric  acid 
was  very  expeosir^  I  endeavouml  to  find  in  tta  stead  atiheap 
•ttbatUute  which  would  not  act  on  the  lead.   The  firat  that 
oecnmd  to  me  was  common  nitre.   I  dissdfed  about  the 
eighth  of  an  ounce  of  it  in  sulphuric  add,  which  I  diluted  with 
nearly  an  equal  bulk  of  water.    I  poured  the  mixture  into 
the  porous  cell  of  a  Grove's  battery,  and  put  into  it  a  pla- 
tinized leaden  plate.    I  then  sent  the  voltaic  current  through 
the  helix  of  our  large  electromagnet:  the  magnetic  power 
given  to  the  magnet  appeared  to  be  <^renter  llian  that  wliich 
\v;is  frivcti  to  it  bv  a  Grove's  batterv  oi  the  .same  size,  in  which 
the  platiiia  was  cxciii  c!  by  concentrated  nitric  anti  sulpiuiric 
acid.    1  alter vvai(l>  compared  Uie  heating  power  ot  the  two 
baUeries,  and  fouiiiJ  the  power  of  the  platiiiizeil  ieatl  battery 
to  be  evidently  superior  to  titat  of  the  other.    I  charged  a 
platiniaed  leaden  battery  with  a  miztnre  consisting  of  about 
five  parts  of  sulphuric  acidi  five  of  solution  of  nitre,  and  one 
of  nitric  acidy  and  a  Grove's  battery  with  equal  parts  of  nitric 
and  sulphuric  acid.   The  former  fused  a  piece  of  steel  wire 
which  the  latter  only  raised  to  a  white  heat*  When  a  platina 
plate  is  excited  by  a  mixture  of  sulphuric  acid  and  a  solution 
of  nitrs^  the  voltaic  current  appears  to  be  as  powerful  as  that 
which  is  produced  by  the  plate  when  excited  by  concentrated 
nitric  nnd  sulphuric  acid.    The  cost  of  the  nitre  necessary 
for  charging  a  battery  is  about  the  twentieth  jiart  of  that  of 
tfic  nitric  acid.    The  power  of  the  former  declines  soonei  than 
tiiat  of  the  latter:  but  from  the  results  of  several  experiments, 
I  have  come  to  the  conclusion  that  the  expense  of  doing  a 
given  amoiiiiL  of  work  by  a  platina  batter)  excited  by  con- 
centrated nitric  and  sulphuric  acid,  would  be  three  or  four 
times  as  great  as  if  the  work  were  done  by  a  platinhted  lead 
battery  excited  by  a  mixture  of  sulphuric  acid  and  a  solution 
of  saltpetrew   I  have  tried  nitrate  of  soda,  or  cubic  nitre,  and 
nitrate  of  ammoota,  as  substitutes  for  nitric  add ;  but  although 
they  give  great  power,  they  do  not  answer  as  well  as  the  com* 
mon  nitre.    A  solution  of  commcm  nitre  and  cubic  nitre  along 
with  sulphuric  acid,  forms  a  mixture  scarcely  inferior  to  the 
solution  of  common  nitre  and  sulphuric  nrid.    The  most 
powerful  mixture  for  the  })latina  or  platinized  lead  battery 
consists  of  about  four  parts  of  sulphuric  acid,  two  of  nitric 
acid,  and  two  of  a  satin  aled  soUition  of  nitre.    Wlien  no  nitric 
acid  i^-  used,  at  least  one  half  of  the  mixture  should  consist  of 
sulphuric  acid,  ami  the  remainder  of  nitre  and  water:  the 
solution  iteed  nut  be  saturated  with  nitre.    Four  parts  of  suU 
phuric  acid,  two  of  a  solution  of  chromate  of  potash,  and  two 
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of  the  lolution  of  nitrtf  make  a  moit  powerfoi  exciting  mix- 
ture for  platioa,  but  give  comparatively  little  power  to  plotU 
Diied  lead.  I  endeavoured  to  find  among  the  sulphates  a 
tutMtltute  for  sulphuric  acid,  but  did  not  succeed.  The  vol- 
taic current  from  a  platinised  lead  battery,  excited  by  t«ro 
parts  of  sulphuric  actd»  three  of  sulphate  of  soda,  and  three 
of  nitrate  ol  potash,  is  very  powerful,  but  considerably  inferior 
to  that  which  is  produced  by  the  concentrated  acids. 

On  tindinr^  that  platinized  or  n^ilded  lead  and  platinized 
platina  were  snjierior  to  platina,  1  saw  tfmt  the  cause  of  the 
superiority  was  that,  in  the  platinized  or  gilded  lead,  and  in 
the  platinized  platina  batteries,  the  actincr  metals  were,  not 
Itad  or  platina  and  zinc,  but  gold  or  plalina  powder,  and 
zinc ;  and  that  the  gold  or  platina  powder  was  more  negative 
compared  with  sine  than  platina  is*  Hence  I  infened»  first) 
that  a  leaden  plate  coated  with  any  of  tliose  substances  which 
are  more  negative  and  cheaper  than  platina  or  go1d|  would 
act  as  powerfully  as  platinissed  or  gilded  lead )  and  secondlyi 
that  any  other  metal  to  which  the  platioa  or  gold  powder 
would  adhere  might  answer  as  well  as  lead.  I  therefore 
coated,  by  the  galvanic  process,  leaden  plates  with  antimony, 
arsenic,  chromium,  molybdenum  nml  borax.  Tlie  plates 
coated  with  arsenic  and  molybdenum  \scic  inucli  interior  to 
platina:  those  that  were  coated  witli  antimony  and  borax 
appeared  fully  eijual  to  platinized  lead,  but  they  soon  lost  their 
power.  The  first  plate  which  I  chromed  acted  as  well,  and 
retained  iu  power  nearly  ab  long  as  plaiiniz&d  or  gilded  lead. 
I  afterwards  coated  a  great  number  of  plates  with  chromium ) 
but  all  of  them  were  far  inferior  to  the  first.  The  power  of  e 
leaden  plate  is  greatly  increased  by  bein^  coated  with  mer- 
cury, or  even  with  clay  boiled  in  aqua  regia*  or  with  any  other 
substance  which  I  tried  \  but  I  have  not  found  any  substance 
to  answer  as  well  as  the  chloride  of  gold  or  platina. 

I  have  compared  with  platinised  lead^  the  other  cheap  me- 
tals coated  with  gold  or  platina,  or  chromium ;  and  with  the 
exception  of  cast  iron,  they  were  all  inferior  to  it.  Platinized 
or  clirutncci  cast  iron  answers  as  well  as  platinized  lead  j  and 
without  being  chromed  or  |)latiiiized,  cast  iron  appears  to  act 
as  powerfully  as  platina.  The  power  of  a  cast  iron  battery  in 
magnetizing  our  lai  l'c  electro-magnet,  and  in  driving  an  elec* 
tro-niagnelic  uiacliiue,  was  compared  with  that  of  a  Grove's 
battery  of  the  same  size.  In  the  two  batteries  the  exciting 
mixture  was  the  same*  The  power  of  the  former  appeared  to 
be  fully  equal  to  that  of  the  latter. 

From  the  results  of  several  experiments  which  I  have  niade 
on  the  relative  power  of  platinized  silver  and  platinised  iead> 
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I  feel  confident  that  the  latter  mav,  witiiout  any  diminution 
of  power,  be  aubstituted  for  the  former  in  Sme^u  battery. 
Cast  iron  does  not  take  the  coating  of  platina  powder  (at  least 
antii  the  hard  surface  is  worn  away)  so  well  as  lead  or  silver, 
and  on  that  account  it  does  not  act  as  powerfully  as  either* 
But  I  have  found  line  and  cast  iron  excited  by  dilute  sul- 
phuric acid  as  constant  in  their  aodon  as  zinc  and  platiniaed 
lead.  A  platinized  lead,  or  cast  iron  plate  six  inches  square, 
may  be  It  ad  for  the  twelfth  part  of  the  cost  of  a  platinized 
sheet  of  silver  of  the  same  she. 

From  tije  experiments  wliich  have  been  described,  I  infer, 
first,  that  a  battery  superior  in  power  to  Pi  ofu^bor  Grove's 
nitric  acid  battery  may  be  made  by  sub.stiiuLin;^'  })latinized 
platiua  or  lead  lor  platina,  and  nitrosulphuric  acid  and  nitrate 
of  potash  for  nitric  and  sulphuric  acid ;  and  secondly,  that  a 
battery  equal  in  power  to  tne  nitric  acid  battery  may  be  con* 
stnicled  by  the  snbsdtution  of  cast  iron  for  platua* 

The  advantage  of  what  I  may  call  the  nitre  platina  battery 
over  the  nitric  acid  one  is,  that  the  expense  of  working  the 
former  is,  as  has  been  already  stated^  considerably  less  than 
that  of  working  the  latter. 

The  advantage  of  the  cast  iron  or  platinized  leaden  batteries 
over  Professor  Grove's  is,  that  they  are  far  less  expensive  in 
their  construction.  A  jilate  of  cast  iron  or  phuinizcd  lead 
may  be  had  for  a  shilling,  whilst  h  platina  plate  oi  tlie  same 
size  will  cost  nearly  three  pounds.  Besides,  a  cast  iron  or 
platinized  lead  buttery  may  be  worked  by  n  mixture  of  nitre 
and  sulpitui'ic  acid  fui  one  hour  for  abuuL  liic  leiiLli  part  oi 
the  expense  of  working  a  Grove's  battery  ior  the  same  time. 

The  cheapness  of  cast  iron  and  platinized  lead  will  enable 
every  one  to  procure  a  powerful  voltaic  battery.  A  platiniaed 
lead  battery  is  about  fifteen  times  as  powerful  as  a  common 
WoUaston  battery  of  the  same  size.  A  cast  iron  battery  is  a 
little  less  powerful  than  the  platinized  lead  one;  but  1  prefer 
the  former,  because  the  cast  iron  does  not  require  to  be  chromed 
or  platinized.  I  am  now  preparing  two  large  cast  iron  bat- 
teries for  the  Collonre  •  one  will  contain  about  thirty-three 
square  ieet  of  zinc  ami  sixty-six  of  cast  iron,  llie  oilier  will 
contain  eighty  square  leet  of  zinc  and  a  hundred  iuui  sixty  of 
cast  iron.  1  liese  batteries  will  be  more  powerful  tiian  any 
battery  ever  tonsiructed.  The  expense  will  be  very  mode- 
rate; for  the  zinc  plates  and  Wedgwood  troughs  ui  our  ior- 
oier  batteries  will  answer  for  the  new  ones. 

Maynooth  College,  Julj  3,  1847. 
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XV.    On  the  Perfttrhations  of  Planets  movinfr  {n  Eccentric 
and  Inclined  Orbits,    By  Sir  J.  Lubbock,  Bart,^  F.R^ 

[Continued  from  page  6.] 

"IN  the  last  Number  of  the  Philosophical  Magazine  I  de- 
scribed  tables  by  which  the  development  (jf  the  disturbing 
function  H  is  m  eatly  facilitated.  I  shall  now  describe  otber 
tables  whicli  iiave  been  caicidated  for  me  by  Mr.  Farley, 
and  which  also  facilitate  the  numerical  solution.  The  ad- 
vantages which  the  employuient  of  tables  presents  wherever 
they  can  be  applied  are  wm  knowD.  Not  only  the  march  of 
the  figures  affinrds  security  against  error,  bat  the  computer 
acquires  facility  In  snch  calculations  systenatiGaily  undemkeo^ 
while  the  operations  are  more  easy  than  they  woold  be  if  the 
quantities  required  were  not  conncctt  d  by  a  common  origio» 
or  so  troublesome  as  they  would  be  if  undertaken  by  difierent 
individuals,  or  by  the  same  individual  at  different  times.  The 
use  of  tables  is  out  of  the  question  in  a  literal  or  algebraic 
development;  but,  on  the  contrary,  it  is  an  important  pro- 
perty of  tiie  numerical  development  that  it  can  thus  be  mate- 
rially facilitated. 

All  developments  whatever  may  be  resolved  into  three 
classesy  which  I  call  literal^  quasi'literal^  and  arithmetic,  Li" 
tend  or  algebrmeal  ate  those  which  residt  when  the  numerical 
values  of  the  constants  are  inserted  last*  and  after  the  deve* 
lopment  is  complete.  QyaH'Uieral  are  those  which  result 
when  either  a  part  only  of  the  constants  are  expr^sed  by  means 
of  general  symbols,  or  when  the  development  is  made  up  of 
several  distmct  processes,  and  when  the  numerical  Talnes  are 
inserted  afler  a  portion  of  these,  but  not  all  have  been  accom- 
plished. Finally,  nrithmetic  or  numerical  developments  are 
those  which  result  when  the  numerical  values  of  the  constants 
are  inserted  in  place  of  the  general  symbols  before  any  step 
of  the  develojMuent  is  attempted. 

A  literal  development  is  generally  preferable,  for  this  rea- 
son, that  if  it  can  be  performed,  the  development  which  re- 
sults serves  for^erv  possible  value  whidi  can  be  assigned  to 
the  constants.  Such,  for  instance^  is  the  development  of  the 
dbturbing  functiondue  to  VL  Binet;  and  if  such  a  development 
in  terms  of  the  requisite  variables  could  be  accomplished  and 
carried  out  to  a  sufficient  extent,  and  i(  being  accomplished^ 
numerical  values  of  the  constants  could  be  easily  introduced, 
it  would  be  preferable  to  any  other.  M.  Hansen's  develop- 
ment, in  his  Memoir  on  the  Perturbations  of  Encke's  Comet 
by  Saturn,  is  n  quasi-literal  development,  because  a  portion 
only  of  the  proce^.scs  is  generoL    The  coavei'sion  of  the  quan- 
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titles  Pfe^ /  into  explicit  functions  oi  sines  imd  cosines  of  mul- 
lij)lcs  of /is  an  arithmetical  process*  wliile  tlie  calculation  of 
the  quantities  A«^|  in  p.  S9  of  M.  Uausen'is  paper,  ib  literal 
or  algebraical. 

I  regard  as  very  liinicuUany  development  of  the  disturbing 
function,  either  literal  or  quasi-literal^  when  the  eccentricity 
of  the  disturbed  body  is  considerable  and  the  perturbations 
are  large,  as  in  llie  case  of  Enckti's  comet  disturbed  by  Jupiter; 
and  if  such  were  possible,  the  replacement  of  the  numerous 
symbols  by  numbers  at  the  conclusion,  would  be  an  operation 
A  almost  huurmountable  difficulty.  On  the  other  nand*  in 
peHbrroingan  artMmalMal  development  according  to  the  rules 
which  I  have  invented,  not  only  no  quantity  can  be  introduced 
which  has  a  namerical  Talue  beneath  any  |y;iven  limit  (say 
beneath  nnity  in  a  given  decimal  place),  but  it  is  equally  im«- 
possible,  except  by  a  numerical  mistake,  that  any  quantity 
which  is  above  that  limit  can  be  omitted.  The  developments 
may  also  be  effected  by  mechanical  quadratures,  as  explained 
b^  M.  dePontecoulant(T/%eor.^fia/.,vol.iii.)>  or  by  the  method 
given  by  M.  Le  Verrier  in  the  first  number  of  the  Deviloppe" 
ments  sur  pktsieHrt  poinis  de  la  Tkdorie  des  Ferturbatums  des 
Planetes, 

If  or,  z  are  rectangular  co-ordinates  of  a  comet  or  planet 
and/  the  true  anomaly, 

x^r{y  cosf+ff  sin/}, 
^=rfe>  oos/+a  «ii/}» 
•^Ha*  COS/+ J  sin/  }. 
*F»  Si     Qi  constants  which  depend  only  on  the 

eUiplic  constants  of  the  planet  m,  and  such  that 

jp-ss  cos  ir + 2  sin^     sin  (v— y)  sin  y, 

fl's  —  rin«-|-2sin*'^coB(«— y)cosv9 

sin sin*    sin  (ir— y)  cos 

coa«»2 sin'  ~  cos  («— v)  cos  t, 
jgrs  sin  («— t)  sin  i, 

^»  cos(ir— y)sini. 

*  I  have  had  occaaUm  to  uie  to  manv  alpbabeta  lo  the  courae  of  die 

work  from  which  this  if  extracted,  that  I  have  had  recourse  to  this  artifice 
of  rev  or^n?  the  lettcn  in  order  not  to  use  the  suae  lyoibol  ia  two  diflbrent 

sigDiiicatious. 
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Mr.  l  arltjy  lias  calculaieti  ioi  me  a  table  of  the  values  of 
these  quuniiues  for  all  the  planets,  and  mUo  Sat  fhs  «OMl  cf 
Encke,  the  comet  of  Btala,  and  the  eoMt  of  Hallij. 


1+  i.=  1  _  ^'11  a  1  COS/-»  ^  Ml/}  ^  COS/* 

.    +  -J  €  -  cu^/  +  a  -  sin/}  ^  sill/'  y 


1  ciiU  ilie  t]iiai»tiLies  p  cos y',  -p  sin/',  -  cos^  ^  am/",  j 

pi,  &c.  the  ehmenlmy  quatiiilies,  because  they  are  the  elemettts 
whioli»  by  mc«i«  of  Tartoua  combiiiattooa^  form  tba  diaUirbiBf 

luiR  iiuii  ii,  —r— ,  ^.c,  and  if  tlic  uuiiu-rical  values  of  the  cou- 
«r 

stants  are  introduced  before  the  (lt>velopment  is  begun  are  | 
alone  required.  Mr.  Farley  has  calculnicd  the  coefficients  of 
these  quantities  when  ihcy  nre  devclopeil  in  terms  ol"  the  mean 
motions  for  the  planets,  and  also  other  tnbles  lor  eccentrititv, 
•1,  '2,  .  ,  .  .  '7,  which  >huw  the  conver/^rence  to  be  so  slight, 
tliiit  ^nch  mode  of  development  can  only  be  employed  when 
liie  eccentricity  is  small.  These  tables  have  all  been  con- 
structed by  means  of  mechanical  quadratures.  These  tables 
are  not  wanted  for  the  com«ts»  because  their  eo-ordinates 
cannot  be  developed  in  terms  of  their  mean  anomalies  In  aiif- 
Bciendy  converging  series. 

When  the  method  of  mechanical  quadratures  is  applied  to 
the  determination  of  the  perturbations  of  comets,  a  correciitm 
is  required  ;  but  when  that  method  is  used  for  the  determina- 
tion of  coefficients  of  this  nature,  the  limits  of  the  integral  are 
0  and  wf)0^,  and  tlic  correction  vanislies;  so  thai  by  means  of 
several  p;irtirular  values,  rigorous  values  o(  the  eoelKcients 
are  easily  ol)taiiied.  Nor  docs  the  width  of  the  intervnl  inalter, 
provided  il  is  not  made  too  huge.  It  is  diflicult  \o  '^wc  pre- 
cise ru!e*<  to  regulate  the  \\  idth  that  should  he  ciiijjluyed  ;  but 
in  the  formation  uf  ihtbo  tables  it  was  easy  to  employ  various 
modes  of  verification.  As  this  inquiry  is  in  its  infancy*  I 
considered  it  sufficient  to  retain  only  those  terms  wbleh  are 
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due  to  the  elliptic  motion ;  but  hereafter  it  may  be  desirable 
to  recoiihli  uct  the  tables  of  the  elementary  quantities  for  each 
of  the  planetSy  retaining  some  of  the  principal  inequalities  due 
to  the  disturbing  force. 

Pingr^,  in  his  work  on  cometi  many  years  since,  gave  a  list 
of  comets,  with  their  elements*  Jit  that  time,  however,  the 
method  of  finding  the  orbit,  or  even  the  distance  of  a  comet, 
was  understood  by  so  few  persons,  that,  from  that  and  other 
causes,  the  numbers  containeil  in  that  table  may  not  be  accu* 
rate:  many  other  comets  have  been  discovered  since,  and  such 
a  table  brought  up  to  the  present  time  appears  to  be  an  impor- 
tant desideratum  in  astronomy. 

Mr.  Mind  has  kindly  favoured  me  with  the  following Ust of 
comets  wljicli  have  been  innde  out  to  be  periodic : — 

Elements  of  Halley's  comet,  by  WestphaleUi  for  ib35.  Ast, 
NacLy  No.  588. 

e=-96739       ir=304°  31'  S2"  l9       y  =  5S°  9^  59"'34' 
,=  17°  4.5'  5"-\3       a=  17-98791  Retrograde. 

Eleiueut^  of  Eucke's  comet  by  Encke,  for  1829.  Asi.  JSach,f 
No.  489. 

€'=•84462       ir=157°  17'  5S"'35       »=SS4**  29^  SV*'62 

J r=  13"  20' 3 1 "-49       fl  =  2-22394  Direct. 
Elements  ofBiela's  comet,  1846,  by  Prof.  Piantamour.  Ast, 
Nac/i.i  No.  584. 

^  =  •75700       7r=  109''  2'  20"*  10       v  =  245^  51'  S8"-8 

fn'53"-17       a  =  3'52452  Direct. 
Elciui  iiN  i-f  ilif  comet  of  Fa}  e,  by  M.      Verrier,  for  1844> 
omittintr  the  lerujs  multiplieil  [)y  fj.'',  /Ut.  Nach.^  No.  541. 

€=•55596       T  =  49'^  31'  19"-39       v=20i>  'JD' 19"'26 

1  =  11°  22"^  31"-40       a  =  3-81l7y  Direct. 
Clemeutii  of  DeVico*sfir>t  comet,  by  JJr.  Brumiow,  lur  1844. 
Ast,  Nach.y  No.  563. 

€=•61765       9r-342-  3(y  49"-64        »=83-  49'  0"-ll 

1  =  2*^  54' 50"-33       £/  =  3-10295  Direct. 
Elements  of  Brorsen's  first  comet,  by  Dr.  Brunnuw,  for  1846. 
Ast,  Nach,y  No.  557. 

f =-79362       ^=116°  28'  34"       v=  102'  39'  36"-5 
i  =  30 -  55'  6" -6       a  =  3-1 502 1       1  )irecl. 

The  following  are  the  elements  of  the  comet  of  Encke  for 
1829  used  by  M.  Hanseii  ;  iiddiUuUi»  u  la  Couu.  deii  Tempiy 
1847,  p.  54. 

€=-844()7G       1T=157"  IS'  24"'6       ws=334''  29'  28"'8 
1=13°  20^  40"-2       a=  2-21997. 
jMt.  Kack^  No.  541. 
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XVL  On  {he  Heat  ofVapoun. 
JB^  Sir  J.  Lubbock,  BoH^  KBS.^ 

T  ET  y  be  the  quantity  of  absolute  heat,  considered  as  a 
fuoction  of  the  sensible  heat  or  temperature  6, 

^  being  the  dennty,  p  the  prewar^  k  and  a  constants. 


d£_      <y  dp  ap 

If  <r  is  tlie  specific  heat  of  a  gas,  the  pressure  being  con- 
stant, and  its  specific  heat  when  the  volume  is  constant,  so 
that 


~~  d/j  da  d/>  dd  C| 

dF .      dF  ^ 
^d7+>'^d?=^ 

Laplace  evidently  considered  7  constant,  and  he  integrated 

this  equation  upon  that  hypothesis,  "  En  supposant  cette  quan- 
tite  rigoreusement  constante,  &c.,"  Mcc.  C^l.  vol.  v.  p.  127. 
Again,  Poisson,  in  repeatinrr  tlie  same  theory,  Trnitc  de  Mvc», 
vol.  ii.  p.  646,  <*En  regardant ycomme  une  quantite  constante, 
&c."   If  y  is  constant, 

1 

(iiee  vol.  xviii.  p.  507)  which  is  identical  with  the  equation 
given  in  the  Comptes  llendus,  Stu?ic€  tic  31  Mai  ibi7,  p.  &2U, 

MssJ,    M=s  ,     ass—,  «sl  »  Ar=Y; 

but  if,  as  Professor  Holtzmann  maintains  (see  Taylot^s  Sci« 
entific  Memoii%  voL  iy.  pan  U),  is  Yariable^  tfie  integral 
of  Laplace  does  not  necessarily  obtain,  not  does  the  equation 
{fJmitu  Bendus,  p*  9S0) 

obtain ;  because  if  » is  a  function  off, 

*  Cauuauaicated     tha  Author. 
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and 

It  has  not»  I  belie?^  been  remarked^  that  the  inti^gral 

9 

will  however  still  satisfy  the  dilFerential  equation 


-T-  =0. 


If 


or 


3^  +^6, 


XVII.  On  certain  Phenomena  of  Voltaic  Ignition  and  the 
Decomposition  of  Water  into  its  comtituent  Gases  bi/  Heat* 
lij/  W.  li.  GnovE,  Esq.,  M.^.,  F.R.S. 

[Coiitinued  from  p.  35.] 

I WAS  now  anxious  to  produce  a  continuous  development  ot 
mixed  gas  from  water  subjected  to  heal  alone,  in  other 
words,  to  succeed  in  an  experiment  which  sliould  bear  tlie  >^nme 
relation  to  experiment  fi^r.  9  as  fig.  5  did  to  fig.  7 ;  for  this  pur- 
pose the  apparatus  shown  at  fig,  10  was  constructed :  a  and 

Fig.  10. 


b  are  two  silver  tubes  4-  inches  long  by  0*3  inch  difmieter; 
they  are  joined  by  two  j^Liiinum  caps  lo  a  platiuuai  lube  c, 
formed  of  a  wire  one-eighth  of  an  inch  diameter  drilled 
through  its  entire  lengthy  with  a  drill  of  the  size  of  a  large 
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pin ;  a  Is  closed  at  the  extremity,  and  to  the  extremi^  of  &  it 
fitted,  by  means  of  a  coiled  ttrtp  of  bladdery  the  bent  glass 
tube  d.  The  whole  is  filled  with  prepared  waters  and  having 
expelled  the  air  from  a  by  heat,  the  extremity  of  the  glass 

tube  is  placed  in  a  capsule  of  simmcriutj  water.  Heat  is  now 
applied  by  a  spirit-lamp,  first  to  b  ami  then  to  a,  until  the 
whole  ht)ils;  as  soon  as  ebullition  takes  place,  the  flame  ofnn 
ox\ hydrogen  blowpipe  is  made  to  play  upon  the  middle  pan 
of  the  platinum  liihe  r,  n?]cl  when  this  has  rt  :u  lin!  a  li'gh 
point  of  ignition,  wliich  sliouid  be  as  nearly  tb<'  lu-inn-[)oint 
of  platinum  as  is  prncticahle,  gas  is  given  ofF,  wliieli,  inixtd 
with  steam,  very  soon  lill.s  the  whole  ai)paratus  and  bubbles  up 
from  the  open  extremity,  either  into  the  open  air  or  into  a  gas 
collector.  Although  by  the  time  I  had  devised  this  apparatoa 
I  was  from  my  previous  experiments  tolerably  well  assured  of 
its  success,  yet  I  experienced  a  feeling  of  great  gratification 
when  on  applying  a  match  to  one  of  the  bubbles  which  were 
ascending,  it  gave  a  sharp  detonation;  I  collected  and  ana- 
lysed some  of  it;  it  was  0*7  oxyhydrogen  gas»  the  residue 
nitrogen,  with  a  trace  of  oxygen. 

Those  who  have  endeavoured  to  deprive  water  of  air,  will 
have  no  difficulty  in  accounting  for  the  residual  nitrogen,  or 
nitrogen  mixed  with  a  smnl!  portion  of  oxygen,  which  has 
occurred  iti  all  my  experuneius.  De  Luc  poinird  out  the 
impob.sibiiiLy  of  practically  depriving  water  of  air,  ami  Priest- 
ley, from  observing  the  obstinacy  with  which  water  retained 
alr^  was  led  to  believe  that  water  was  convertible  into  nita  ogea 
(pUof  isticated  air).  I  have  repeated  several  of  Priestley's 
experiments  under  much  more  stringent  circumstances,  and 
have  never  been  ah\e  to  free  water  from  air,  or  so  to  boil 
water  that  for  every  ebullition  of  vapour  a  minute  bubble  of 
permanent  gas  was  not  left,  which  appeared  lo  have  been  an 
indi«?pensabTc  nucleus  to  tlie  vapour. 

The  dilliculty  of  boiling  water  increases,  as  M.  Donny  has 
proved,  in  proportion  to  its  freedom  fion:  air,  and  at  last  the 
oursts  of  vapour  become  so  enormons  that  the  vessels  em- 
ployed are  generally  broken.  There  a{>j)tar.s  to  me  a  point 
beyond  which  this  resistance  does  not  extend ;  but  even  at 
this  point  a  minute  bubble  of  air  is  led  fiir  each  burst  of  va- 
pour, though  they  are  so  few  and  distant  that  the  aggregate 
amount  of  gas  is  veiy  trifling.  I  have  produced  from  water 
which  bad  been  previously  carefully  deprived  of  air  by  the 
ordinary  method^  thre^loMiirths  of  its  own  vdmne  of  pema- 
nent  gas,  which  proved  to  be  nitrogen ;  but  as  the  water  hi 
this  experiment  was  boiled  under  a  long  column  of  oil,  it  is 
probable  that  if  any  oaygen  were  present,  it  night  hava  been 
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absorbed  by  the  oil ;  I  have,  liowever,  always  found  the  pro- 
portioD  of  oxywen  to  decrease  as  the  boiling  was  continued. 
II  Aftj  b«  wofui  notictogy  as  hti?iiig  bad  toM  inflttaiai  on 
my  nfndf  that  many  monilu  ago^  when  oaiiiid«ring  the  txpa* 
lioMott  of  Henry  and  Donny  on  the  ooheaion  of  wateri  I 
mtntioiied  to  Mr^  Oaiaioif  and  alao  to  Mr.  Btnffham  my 
aaaiatant  (to  wboea  aasidiiily  I  am  much  indebted),  tnat  I  wat 
inelined  to  think  if  water  could  lia  absolutely  deprivad  of  air* 
it  would  ba  daoomposed  by  haat^  a  result  whicli  I  have  nd^ 
attatnad  by  a  totally  difierent  series  of  inductions.  It  ia  a  air* 
oomstance  worthy  of  remarlcy  that  I  find  the  graatar  pari  of 
the  air  to  be  expelled  at  a  comparatively  low  temperature,  and 
when  the  water  has  come  in  contact  with  the  platinum,  while 
the  flccompositlon  all  lakes  place  when  the  platinum  is  sur- 
rounded by  an  atniosphcrr  ot"  steam,  li  steam  it  may  be  called, 
for  the  state  of  ih\^  aiiiiosphere  at  the  first  immersion  of  the 
platinum  is  at  piesetil  vti  v  mysterious. 

I  think  1  tnay  now  safely  rt^gaid  n  :h  proved,  that  plalinuai 
intensely  ignited  will  decompose  waiti,  and  several  considera- 
tions press  on  the  mind  in  reflecting  on  this  novel  pha>no- 
meiiun. 

First  of  all,  to  those  who  arc  attached  to  the  cut  bono  argu- 
ment, and  estimate  physical  science  in  proportion  only  to  its 
pracdeal  appIloationa»  I  wonid  say  that  dMie  axperiroents 
afford  aoma  promita  of  our  bein^  al  no  diitanl  period,  able 
to  prodttoa  mixed  gaiae  for  purpoeae  of  iUnmination,  &c.  by 
aimply  boiling  water  and  paiemg  il  through  highly  ignited 
platinum  tubM,  or  by  other  mat&da  which  may  oe  defieedi 
wt  In  fiKit  by  thia  means,  aa  it  «ir%  boiJ  water  into  ga%  and 
there  appears  theoretically  no  mora  aimpla  way  of  pradueiog 
ohemical  decompoaitlon* 

To  pass  however  to  more  important  considerations:  the 
spheroidal  state,  which  has  lately  attracted  the  attention  of 
philosophers,  appears  to  be  closely  connected  with  these  re- 
sults, and  is  rendered  more  deeply  iutere^tirifj.  The  last 
exf)urinient  but  two  wiiich  1  have  mentioned,  shows  that  tlie 
S}>hLroidal  state  is  iutermeiJinte  between  tJidinaiy  elnillilion 
unti  the  decomposing  (.l)iiliiLU)n  ;  it  is  probably  tlnjiclore  a 
state  ot  polar  tension,  coortlinate  in  some  resfucis  wiili  that 
which  takes  place  in  the  cell  of  a  voltaic  combinution  before 
decomposition,  01  when  the  power  emiilovnl  not  being  of  suf-  ! 
ficient  intensity  to  produce  actual  decoiuj)o.x>tuoi),  iht:  s!:ite 
commonly  called  polarization  of  the  electrodes,  obtains.  1  lie 
phenomenon  brings  out  also  a  new  relation  between  heat, 
alactrieityf  and  cMmical  affinity  1  nitherto  many  deetriod 
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the  di&renoe  being  that  in  the  effects  prodaced  by  the  laet 

two  forces  there  was  no  polar  chain,  but  every  minute  portion 
of  the  matter  acted  on  gave  rise  to  the  phn^nomenn  wnich  in 
the  electrical  effects  are  only  observable  at  the  polar  extremi- 
ties; thus  in  decomposing  water  by  iron  and  sulpijuric  acid, 
or  by  |)asbing  steam  over  heated  tubes  of  iron,  parallel  results 
are  obtained  to  the  electrolysis  of  water  with  an  iioii  aiiude? 
but  in  the  former  cases  every  portion  of  the  iiuu  oxidated 

e eft  off  its  eaulvalent  of  bvdrogen,  in  the  letter  the  eqaiva- 
1 13  evoWea  from  the  cathode  at  a  point  distant  from  that 
where  the  oxidation  takes  place.  Hitherto  ehictricity  has  been 
the  only  force  by  which  many  compounds^  and  particularly 
water,  could  be  resolveil  into  their  constituents  without  eitber 
of  these  being  absorbed  by  another  afiimQr*  The  deeonpt^ 
sition  by  ignited  platinum  removes  this  exceptioii^  and  pr^ 
sents  the  parallel  effect  produced  by  heat  alone. 

Although  there  is  no  substance  except  ]>latinum  and  some 
of  the  more  rare  metals,  such  as  iridium,  wikicli  pro»nise  much 
success  in  a  laboratory  experiment  made  for  die  puiposc  of 
producing  the  effect  1  have  described,  as  the  greater  number 
of  substances  which  will  bear  a  sufficient  heat,  are  fragile, 
ondable,  or  affected  by  water,  yet  general coodderationamiiii 
the  nearest  analogies  In  chemistry  would  lead  ns  to  ex|>ect  a 
similar  effisct  from  all  matter  in  a  state  of  Intense  ignition ; 
even  assuming  the  presence  of  solid  matter  to  be  necessary, 
the  catalytic  effiacti  of  platinum  are  shared  indifferent  degrees 
by  other  substances :  it  therefore  appears  probable  that  at  a 
certain  degree  of  heat  water  does  not  exist  as  water  or  steam, 
but  is  resolved  into  its  constituent  elements.  If,  therefore, 
there  he  planets  whose  physical  condition  is  con^i^tt  lU  with 
an  intense  heat,  the  probability  is,  that  their  atmosphere  and 
the  substances  which  compose  them  are  in  a  totally  different 
cheiiiicfil  state  from  ours,  and  resolved  into  wiiat  we  call  ele- 
ments, but  which  by  intense  heal  may  be  again  resolved  into 
more  subtle  elements.  The  same  may  be  the  case  In  the 
Interior  of  our  planet,  subject  hcywerer  to  the  counter  agency 
of  pressure. 

The  experiments  strongly  tend  to  support  the  views  of 
Berthollet)  that  chemical  and  physical  attraction  are  affinali 
or  produced  by  the  same  mode  of  force*  AU  calorific  expan* 
sions  appear  to  consist  in  a  mechanical  severance  of  the  mole- 
cules of  matter;  and  if  heat  produce  effects  of  decomposition 
roerelv  by  increase  of  intensity,  there  seems  no  reason  why 
we  should  assign  to  it  in  this  case  n  dineiLiit  niode  of  action 
from  its  normal  one.  On  this  view  pliy>ical  division  carried 
oo  inde£niteiy  must  ultimately  produce  dccouiposidon,  and 
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chmical  affinity  is  only  another  mode  of  molecular  attractioiL 
Tims  a  high  d^ree  of  rarefacdon,  as  at  the  bounds  of  the 
atmosphere,  or  in  the  inteiplanetary  spaces^  may  entirely 
change  the  chemical  condition  of  matter. 

In  a  paper  published  in  tiie  Philosophical  Transactions  for 
184-3,  p.  Ill,  1  have  shown  that  we  may  oppose  a  cheniiral 
action  hy  a  physical  one  (electrolysis  by  a  vacuum),  that  an- 
tagonizing chemical  by  physical  tension,  they  mulually  oppose 
each  otlier.  1  believe  the  converse  of  this  experirnent  lias 
been  made  by  M.  Babinet,  who  by  j  hysical  compression  has 
prevented  the  developnieiiL  ol  cheaiicai  acLion. 

I  have  also  described  in  the  Philosophical  Magazine  for 
November  1845>  certaui  pbsenomena  wluch  appear  to  roe  to 
be  irreooncileable  with  received  chemical  views ;  and  though 
I  then  believed  that  the  theory  of  Orotthus  would  be  obli^ 
to  give  way,  I  now  incline  to  think  that  some  of  our  chemical 
doctrines  must  ere  long  undergo  a  revision. 

It  is  rather  surprising  that  the  valuable  applications  of  which 
the  phsenomena  of  voltaic  ignition  are  capable^  and  the  fertile 
field  which  (as  I  believe)  it  presents  for  discoveries,  both  phy- 
sical and  chemical,  should  have  been  so  completely  neglected. 
It  is  true  that  until  a  recent  period  the  imperfection  of  the 
voltaic  battery  rendered  accurate  and  continued  expei  imcnt 
till  this  subject  diflicult  of  performance,  but  still  much  might 
have  been  done.  Davy  made  several  experiments  on  the 
voltaic  disruptive  discharge,  which  in  many  points  may  be 
r^ffarded  simply  as  very  intense  ienition ;  but  I  am  only  aware 
ortwo  experiments  ofnis  on  voltaic  ignition;  one^  in  which 
he  employed  it  in  an  exhausted  receiver  to  examine  to  what 
extent  the  radiation  of  heat  was  carried  on  in  wrofo;  and 
another,  already  alluded  to,  in  which,  by  immersing  a  portion 
of  an  ignited  wire  in  water,  he  observed  that  it  conducted  in 
some  inverse  ratio  to  its  heat 

I  have  made  a  vast  number  of  experiments  on  the  voltaic 
arc  or  disruptive  discfiarj^e,  in  various  media'*':  when  this  is 
tnkrii  in  a  medium  ituapable  of  acting  chernK-'allv  on  llie  elec- 
trodes, the  phsenoiutiia  arc  those  ol  intense  igintion  of  the 
terminals,  which  are  dissipated  in  vapour  and  condensed  upon 
the  interior  of  the  vessel  in  which  the  discharjje  is  taken.  I 
iuive  examined  some  of  tliubc  deposits,  and  thej^  appear  to 
consist  of  the  metal  of  the  terminals  in  a  finely-divided  state ; 
this  is  strikingly  sliown  with  zinoi  If  the  arc  be  taken  between 
zinc  points  m  an  exhausted  receiver,  a  fine  dark  powder, 
nearlv  black,  is  deposited  on  the  interior,  which,  when  col- 
lected, proves  to  be  pure  sine,  and  on  the  application  of  a 
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gentle  heat,  takes  fire  in  the  open  air  and  burns  into  the  white 
oxide:  to  casual  observation  the  zmc  would  appear  to  be 
burned  twice.  Tiie  expei  iinent  nppears  to  me  to  present  an 
argument  in  favour  oT  the  dviiauiic  theory  of  lieat. 

With  charcoal^  on  the  otlier  iiand,  there  is  little  ur  no  de- 
posit, but  th«  charcoftl  continually  yields  carbonic  oxide  and 
hydrogen,  and  this  for  houri  after  the  preienee  of  water  would 
be  diemed  impossible,  I  have  taken  the  arc  between  piecM 
of  well-burned  oharcoal  for  eight  or  jiine  successive  hoursf 
and  there  was  still  gas  generated  i  indeed  it  appeared  to  be 
given  off  as  long  as  there  was  any  charcoal  remaining,  and  a 
conversion  of  the  carbon  into  inflammable  gas  might  have 
been  supposed.  Much  still  remains  to  be  done  with  this 
powerful  fllijent,  the  voltaic  arc:  where,  however,  the  object 
is  simply  to  expose  gases  to  an  intense  hent,  the  ignition  of  a 
conjunctive  wire  ot  platinum  is  mure  siui})lc  in  its  application, 
more  uniform  in  its  action,  and  instead  oi  requiring  a  power- 
ful battery,  the  cllect  can  be  .^atibfacloriiy  pruUuced  by  five  or 
six  cells,  in  many  cases  by  two. 

The  heat  is  not  so  intense  as  that  of  the  arc,  but  as  it  can 
be  brought  to  within  a  few  degrees  of  the  fusing- point  of  pla- 
tinuniy  it  is  fiir  more  intense  than  any  heat  usually  employed 
in  laboratories^  certainly  than  any  which  can  be  applied  to 
minute^  1  may  sny  microsoopio  portions  of  gas  or  vapour. 

In  conclusion,  I  must  express  my  sincere  thanks  to  the 
managers  of  the  London  Institution,  for*  having  permitted  me, 
as  an  lionornry  member,  to  carry  on  these  experiments  in  the 
laboratory  ot  the  Institution. 

London  Institution,  Aug.  £1,1 846. 


X VIII.  Supplementary  Paper  on  certain  Phanomena  t^f  Voltaic 
Ignition,  and  the  Decomposition  of  IVafrr  into  its  constituent 
Gases     Heat*   ByW,  H.  GROv£y  Esq,* 

IN  selecting  the  above  titlei  I  endeavoured  to  give  as  clear 
an  enunciation  of  the  phtcnomena  to  be  described  in  the 
paper  as  was  consistent  with  the  brevity  usual  in  a  title. 

An  exception  has,  however,  been  taken  to  it,  that  as  the 
effects  of  decomposition  are  produced  by  ignited  platinum, 
the  phanuimena  n)ay  result  fVc  ni  that  ohscuie  mode  of  action 
called  cula lysis.  That  I  did  not  nitend  to  exclude  from  con- 
sideration anv  }insi,il)lc  actioi^  of  the  .sub-i  uice  employetl,  will 
be  evident  li  uui  the  paper  itself,  in  which  1  liavecalleil  ailenliou 
to  the  general  production  of  catalytic  effects  by  solid  bodies. 

•  From  the  Philosophical  Transactions  for  1847,  part  i.i  having  beea 
received  by  the  Royal  Society  November     aoU  niid  November  HlB,  1840* 


Digitized  by  Google 


Mr.  Grove  on  the  Dccompodtion  of  Water  hy  Heat.  97 

Whatever  value  or  novelty  there  may  be  in  the  facts  I 

have  communicatee!,  is  the  same  whether  they  he  refravded 
as  resultini^  Irora  catalytic  or  from  tliermic  actions.  If  the 
action  be  catalvtic,  it  is  one  absolulcly  the  reverse  of  that 
usually  produced  by  platinum,  and  therefore  just  as  much  at 
variance  with  i  LCLived  experience  as  decomposition  oi  svaler 
by  heat  would  be  j  the  effect  of  platiniun,  like  that  of  heat,  on 
the  eleiueaUs  o(  water  having  been  hitherto  known  only  as 
combining  them.  With  regard  to  any  theoretic  views  I  may 
have  advanced,  I  by  no  means  attach  the  same  importance  to 
them  as  I  do  to  the  facts  themselves  tliouffh  I  consider  it 
necessaiy  for  the  collation  of  facts^  and  desirable  for  the  pro- 
gress of  science,  that  an  author  pretending  to  communicate 
new  results  should  give  with  them  the  impressions  which  led 
to  their  discovery,  and  the  inferences  which  he  regards  as  im- 
mediately deducible  from  them.  No  expression  can  be  given 
to  facts  which  does  not  involve  some  theory,  and  admitting 
the  difficuiLy  (perhaps  insuperable)  of  correctly  enunciating 
new  phaenomena,  and  the  probability  of  future  discoveries 
entirely  chanfring  our  views  regarding  them,  I  cannot  at  pre- 
sent sec  ihaL  I  he  title  of  my  paper  could  be  altered  without 
being  open  to  greater  objections.  I  am  of  this  opinion,  not 
SO  much  because  other  bodies  than  platinum  will  produce  the' 
effect)  as  I  shall  presently  show,  nor  from  the  fact  that  the 
electrical  spafk  will  decompose  aqueous  vapour,  though  these 
are  arguments  in  its  fa/our;  but  from  the  following  conside* 
rations.  The  catalytic  action  of  platinum  will  induce  or  en- 
able combination  to  take  place  where  there  is  already  a  strong 
affinity  or  tendency  to  combine,  as  with  mixed  oxygen  and 
hydrogen  gases;  it  will  also  induce  decomposition  where  the 
affinities  are  extremely  weak,  or  in  a  state  of  unstable  equili- 
brium, as  in  Thenard*8  peroxide  of  hydrogen ;  again,  where 
there  are  rn'cely-balanced  compound  affinities,  it  may  change 
the  chomicid  nrrangcnient  of  the  constituents  of  a  compound, 
but  1  do  not  know  ut  any  case  in  whicii  a  powerlul  chemical 
affinity  can  be  overcome  by  catalytic  action ;  to  effect  this  we 
require  some  natural  force  of  greater  intensity  than  that  to  be 
overcome.  We  might  as  well  say  that  the  platinum  electrodes 
of  a  voltaic  battery  decompose  water,  as  to  say  that  platinum 
decomposes  it  in  the  case  in  question ;  there^  tlie  force  of 
electricity  acts  only  by  means  of  matter,  and  matter  of  a  pecu- 
liar description;  its  action  also  is  only  perceptible  at  the  sur- 
face of  this  matter.  I  seek  to  use  the  expression  in  my  title 
with  reference  to  heat  in  a  similar  sense  to  that  in  whiclr  we 
use  similar  terms  with  reference  to  electricity,  e»  to  re^^nid 
heat  as  the  immediate  dynamic  force  which  overcomes  the 
Phil,  Mag.  S.  3.  Vol.  31 .  No.  206.  Aug.  1 847.  H 
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affinity ;  thuSy  as  we  say  when  employing  the  voltaic  battery, 
that  we  decompose  water  by  electricity,  so  here  we  should  say 

that  we  decompose  it  by  heat. 

If  it  be  said  iliat  heat  so  weakeiT^  or  antagonizes  theafiinity 
of  the  element-^  of  water  as  to  enable  catalytic  action  to  sepa- 
rate them,  this  amounts  lo  ilie  same  theory,  as  heat  is  Uien 
1  e«^anled  as  the  antagonizing  force,  and  in  this  case  the  action, 
botli  thermic  ami  catalytic,  is  the  reverse  of  the  normal  action. 
I  have  thought  it  desirable  shortly  to  discuss  this  Question  as 
likely  to  leml  to  farther  investigation,  though  I  have  been 
somewhat  embarrassed  by  the  want  of  definite  meaning  in  the 
term  catalysis;  I  roust  plead  guilty  to  have  frequently  used 
the  term,  but  notwithstanding,  or  perhaps  on  account  of,  its 
convenience^  it  has  I  fear  had  an  injurious  efiect  on  scientific 
perspicuity. 

The  following  experiments  were  made  to  ascertain  whether 
platinum  was  the  only  substance  by  which  the  effect  could  be 
produced.  A  knob  or  button  of  the  native  alloy  ot  iriilium 
and  osmium  of  the  size  of  a  small  pea  was  formed  by  the  vol- 
taic battery ;  to  this  was  altacheil  by  fusion  another  siuuiier 
knob  of  the  same  metal  one-fourth  the  size  of  the  former,  and 
tu  this  sniaiJei  one  was  aiiaclieti  a  stout  plaimum  wire;  the 
object  of  the  second  knob  was  both  to  prevent  the  fusion  of  the 
platinum  wire  and  also  to  avoid  the  possibility  of  any  surface 
of  platinum  being  exposed  to  the  recipient  tube  or  alloyed  with 
the  metal  to  be  heated.  The  preparatbn  of  this  simple  in- 
strument was  very  troublesome,  but  when  made  it  answered 
the  purpose  well ;  the  larger  button  could  be  fully  ignited  to 
an  intense  glow,  while  on  account  of  the  narrow  neck  which 
united  them,  the  smaller  was  barely  red-hot,  and  the  platinum 
wire  not  perceptibly  ignited.  An  experiment  having  been 
made  with  tins  metallic  button  anti  prepared  water,  similar  to 
that  {)reviously  made  villi  platinum,  gas  was  given  otT  which 
averaged  0"  J  of  mixed  gns;  the  residue  was  nitrogen  mixed 
wilh  varying  small  (piantities  (jf  oxygen.  The  effect,  upon  the 
whole,  \vai>  decidedly  ujiLi  ior  to  that  ut  ihe  platinum.  Indeed 
as  platinum  is  the  most  dense  and  unalterable  of  all  known 
substances,  ^t  would  be  likely,  upon  any  received  theory  of 
heat,  to  produce  the  greatest  efiects. 

I  tried  palladium  in  the  same  manner ;  the  gas  yielded  was 
hydrogen  with  small  quantities  of  oxygen»  and  the  water  was 
stained  with  the  oxide  of  the  metal. 

I  now  tried  silica  and  other  oxides,  but  the  results  were 
not  very  satisfactory.  A  spheroid  of  silica  was  formed  by 
fusing  pulverized  silica  on  to  a  platinum  wire,  so  as  to  cover 
it  for  the  length  of  0*4  of  on  inch ;  when  tliis  was  plunged  into 
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the  hot  water  end  again  fased  in  the  oxy hydrogen  blowpipe, 
it  constantly  became  frothed  with  small  bubbles  of  vapour, 
and  after  a  few  experiments  generally  sepirated  in  fissures ; 
in  the  experiment  which  was  continued  ror  the  longest  time 
without  disintegration,  the  gas  given  off  contained  015  of 
ox^bydrogen  gas  ;  from  the  whole  result  I  believe  there  is  an 
action  of  the  water  on  the  silica  (probably  forming  a  hydrate 
decomposable  by  heat)  which  is  .1  bar  to  satisfiictory  results. 
With  other  oxides,  at  least  such  as  would  bear  an  intense 
heat,  tliL'  tliliiculties  were  still  more  insuperable.  Priestley 
has  shown  thai  water  will  corKale  glass,  and  if  1  mistake 
not,  others  have  shown  the  same  effect  produced  on  silica. 

AlLhuugh,  as  applied  10  the  facts  detailed,  I  uLlached  no 
further  meaning  to  the  title  of  my  paper  than  that  which  I 
have  above  stated,  yet  in  one  or  two  theoretical  inferences  I 
have  certainly  gone  further ;  for  instance,  when  I  suppose  the 
possibility  or  probability  of  mechanical  rarefaction  producing 
the  same  effects  as  heat,  here  (although  I  do  not,  indeed  I  can* 
not  conceive  the  existence  of  heat  without  matter;  I  certainly 
abstract  from  the  proposition  any  consideration  of  solid  matter* 
In  order  to  ascertain  how  far  this  iriew  might  be  founded  on 
truth,  I  had  thought  of  makintr  ^  few  experiments  on  the 
effect  of  mechanical  rarefaction  on  the  tendency  of  gases  to 
combine,  but  (in  addition  to  the  interference  of  necessary 
occupations)  I  find  that  M.  de  Grotthus  has  already  experi- 
mented on  the  point;  his  experiments,  as  far  as  they  go,  cor- 
roborate the  views  I  have  put  loi  il). 

He  finds*  that  mixed  gases,  such  as  chlorine  and  hydrogen, 
or  oxygen  and  hydrogen,  when  rarefied  either  by  slow  mm^ 
ments  of  heat  or  by  the  aif^purop,  do  not  take  fire  (**  ne  s'en- 
flamment  pas  *')  bv  the  electric  spttrk.  From  the  context,  he 
evidently  means  that  the  gases  will  not  detonate  or  unite  in 
volumes,  as  he  states  that  a  partial  combination  ensues.  Grott- 
hus appears  to  have  considered  the  combination  of  gases  by 
the  electric  spark  as  an  efiect  of  sudden  compression  or  mole- 
cular approximation,  certain  particles  being  brought  within 
the  rant^e  of  their  alUnities  by  the  siulden  dilatation  of  others. 
Altiiuugli  lie  did  not  pursue  the  subject  tar  enough  to  ascertain 
whether  a  degree  of  rarefaction  coulfl  be  reached  which  wnuid 
bean  actual  bar  to  conibination,stil!  xpcriuients  sii  eiigthen 
those  views  which  assimilate  uiecli mit  al  and  thermic  uiolecular 
repulsion,  and  reugard  chemical  ailiuity  as  bcui^  antagonized 
by  physical  repubicm. 

Pursuing  the  series  of  analogies  from  the  decpmposttion  of 
eucfalorine  at  a  low  temperature,  that  of  ammonia  at  a  higher, 

*  dmtiet  de  Odmie,  vol*  Uxsii. 

HS 


Digitized  by  Google 


100  Mn  Orove  on  ike  DecampbtUUm  of  Water  6y  Heai* 


that  of  metallic  oxides  at  a  bigher,  and  fo  on  to  oxide  of  hy- 
drogen, there  appears  to  be  an  eztensiTe  series  of  fiicts  which 
«ffi>rd  strong  hope  of  a  generalised  antagomsm  beHreen  tber« 
inic  repulsloD  and  chemical  affinity,  and  a  cooseqneDl  eita* 
blishment  of  the  law  of  oontinoitf  in  reference  to  physical  and 
chemical  attraction. 

The  deposit  from  chlorine;,  to  which  I  have  alluded  in  my 
paper,  I  have  since  examined,  and  though  it  differs  in  colour 
from  that  debcribcLl  in  books,  I  find  it  is  a  protochloride  of 
platinum,  toniied  at  iSic  expense  of  the  platinum  wire.  The 
larger  portion  fif  tin-  cliiorine  in  the  tube  comiunes  with  the 
hydrogen  of  tliu  lUjucous  vapour,  and  the  nuii  iritic  acid  n 
absorbed  by  the  waier;  when  tlie  experiment  terminates  the 
(THsc  oLis  volume  reduced  to  nearly  one-lialf,  ami  this  residue 
iji  oxygen. 

This  effect  induced  roe  to  try  an  ignited  wire  on  other  ana- 
logues of  chlorine,  and  I  tried  oromme  and  chloride  of  iodine 
in  the  apparatus  (fig.  5).  The  tube  was  filled  with  the  liquidy 
and  its. extremity  was  in  the  first  experiments  immers^  in 
another  narrow  tube  of  the  same  liquid  as  that  which  filled  it. 
When  the  platinum  wire  was  ignited,  permanent  gas  was 
given  off*  both  from  the  bromine  and  from  the  chloride  of 
iodine,  which  gas  on  examination  proved,  to  my  surprise,  to 
be  oxyffcn.  In  one  experiment  I  collected  half  a  cubic  inch 
of  gas  from  an  e(jual  volume  of  chloride  of  iodine.  As  the 
experiment  in  thiii  form  required  too  large  a  fjuuniity  of  the 
liquid  to  enable  me  to  observe  any  change  which  might  take 
place  in  its  character,  I  repciUcd  a  with  a  tube  five  leet  long, 
bent  in  two  angular  curves.  A  small  quantity  of  the  liquid 
was  placed  in  the  extremity  of  the  tube  containing  the  wire, 
whicn  was  so  arranged  as  to  be  the  lowest  point ;  the  angles 
were  placed  in  cold  water  and  the  experiment  proceeded  with ; 
my  objeict  was  to  enable  the  dense  vapour  of  the  liquids  to 
dielter  them  from  the  atmosphere,  there  being  nosatisfactofy 
method  of  shutting  them  in  and  yet  allowing  room  for  the 
elimination  of  the  liberated  gas,  or  of  absorbing  the  latter  by 
combination  witliout  also  absorbing  the  vapours. 

1  had  hoped  by  the  above  means  to  proceed  with  the  ex- 
periments until  all  the  oxygen  was  liberated  that  could  be 
driven  oil,  and  then  to  have  examined  the  residua ;  but  I  found 
that  after  experuuenting  for  a  short  time,  both  the  jilatinum 
wire  and  the  glass  in  proximity  to  it  were  attacked  by  the 
liquids  J  this  difficulty,  siiniiur  to  tho^c  winch  have  hitherto 
prevented  ine  isolatiuii  of  iiuoi  iue,  1  have  not  yet  been  able 
to  conquer,  though  I  hope  to  resume  the  experiments. 

As  chloride  of  iodine  is  decomposed  by  water»  it  cannot 
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contain  any  notable  quantity  of  the  latter,  bat»  until  the  expe- 
riments are  carried  furtbefy  it  must  remain  a  question  wfaetner 

the  oxygen  results  from  a  small  quantity  of  water  contained 
in  the  liquid^  the  hydrogen  combining  with  the  liquid  itself,  or 
from  a  decomposition  similar  to  that  of  the  peroxides.  The 
experiments  certainljr  add  a  new  and  striking  analonry  to  those 
already  known  to  exist  l^etween  the  peroxicfes  and  the  halo- 
gens^ but  they  do  not,  as  far  as  I  have  hitherto  carried  them, 
necessarily  prove  analogy  of  composition. 

In  coiu  lLi>ion,  1  would  call  attention  to  a  point  wliich  I 
omitted  to  iu>tit.c  in  my  original  paper,  viz.  the  expUination 
afFordetl  by  the  results  contained  in  it  of  tlie  liiilu  i  lo  myste- 
rious pha?nomena  of  the  non-polar  decuiijpusition  of  water  by 
electrical  discharges,  as  in  the  experiments  of  Pearson  and 
Wollaston.  This  class  of  decompositions  may  now  be  car- 
ried much  lurilier.  With  the  exce})tion  of  i'used  metals,  I 
know  of  no  liquid,  w  hich,  when  exposed  to  intense  heat  such 
as  that  given  by  the  electric  spark,  the  voltaic  arc,  or  incan- 
descent platinum,  does  not  give  off  permanent  gas;  phos- 
phomSf  sulphur*  acids,  hydrocarbons*  water,  salts,  bromine 
and  chloride  of  i<idine,  all  yield  gaseous  matter. 

Viewing  these  eflects  simply  as  facts,  and  without  entering 
on  any  theoretical  explanations  or  speculations^  I  cannot  but 
think  that  there  ia  a  remarkable  |(eneni]ity  pertaining  to  them 
worthy  of  the  most  careful  attention. 

The  apparatus  I  have  described,  particularly  that  repre- 
sented by  fig.  5,  and  the  numerous  applications  of  voltaic 
ignition  which  will  occur  to  those  who  duly  consider  the  sub- 
ject, promise,  I  venture  to  believe,  new  methods  and  powers 
of  investigating  the  molecular  constitntion  of  matter,  and  will, 
I  trust,  lead  to  many  novel  and  important  results. 

Nov.  l(K  lSi6. 


XIX.  On  ike  Modification  of  the  Doubly  Btfra^ing  and  Fh^ 
sical  Structure  of'  Topaz,  by  Elasiic  Forces  emanating  from 
Minute  Cavities.  Bu  Sir  Davio  Brbwster,  KmH^  I}JC*L^ 
F.iLS^  and  V.P.1LS.  Edin.* 

[With  a  Plate.] 

WHILE  examining,  in  polariied  light,  the  form  and 
structure  of  the  numerous  crystals  which  I  had  di&» 
covered  in  the  fluid  cavities  of  topaz^  ray  attention  was  par- 
ticularly called  to  certain  optical  phaenomena  exhibited  in 
other  parts  of  the  specimen.   Tliese  pbsenomena,  when  first 

*  Read  before  the  Royal  Sodety  of  Edinburgh  on  the  £(Hh  of  Janaaty 
184S^  aad  puUbiMd  ia  tndr  TVumicftioiis,  vol.  %fu  pait  l.p.7* 
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presented  to  me,  were  very  indciinite  in  their  character,  and 
very  imperlectly  developed  i  but  after  a  diligent  exaiiiituiiiou 
of  nearly  900  specimens  of  topaz,  I  succeeded  in  obtaining  the 
most  satisiactory  exhibition  of  them  under  various  forms,  and 
in  various  degrees  of  intensity. 

"When  an  elastic  force  is  propagated  from  a  centre^  in  a  soft 
and  compressible  mediuni»  an  increase  of  density  is  conrnin- 
nicated  to  the  surrounding  mass, — of  a  temporary  nature  if 
the  medium  is  a  hard  solid,  like  glassy  but  of  a  permanent 
nature  if  the  medium  is  soft,  and  becomes  indurated  during 
the  continuance  of  the  compressing  force.  Both  these  effects 
may  be  exhibited  experimentally  ;  the  first  by  fi  pressure  upon 
glass,  and  the  second  by  the  action  of  a?i  expanded  bubble  of 
air  upon  gum  in  a  state  advancing  to  induration. 

The  physical  change  thus  produced  in  the  transpai'eiit  me- 
dium, whether  it  be  temporary  or  permanent,  may  beexhibitecl 
to  the  eye  in  two  ways ;  either  by  the  property  of  the  com- 
pressed parts  in  depolarizing  light,  or  in  the  unequal  refraction 
of  common  li^ht  produced  by  a  varying  density,  and  oonse- 
Quently  a  varymg  refractive  power,  in  ihe^rsi  of  these  casesi 
the  depolarizing  action  is  displayed  in  the  production  of  four 
quadrants  of  light,  separated  by  the  radii  of  a  black  rectan- 
gular cross,  similar  to  the  central  portion,  or  the  tints  of  tlie 
first  order«  in  the  uniaxal  system  of  polarized  rings;  and^  in 
the  second  case,  the  inequality  of  refractive  density  is  shown 
by  the  mirage  of  a  luminous  point,  in  the  fovm  of  concentric 
circles  surrounding  tlie  centre  of  ibrce^  each  circle  marking 
successive  actions  ol  ilie  central  force. 

When  the  four  hnninous  quadrants  ol  depolarized  light, 
sliown  at  A,  B,  C,  D  in  Plate  I.  fig.  1,  first  presenteil  thtni- 
selves  to  me,  1  iiatl  suuie  dlllleulLy  in  perceiving  the  seat  of 
the  force,  by  which  I  believed  that  they  were  produced.  The 
centres,  or  intersections  of  the  black  cross,  were  either  too 
deep  beneath  the  surface  of  the  lopaz»  or  too  much  covered 
by  fluid  cavitieSi  to  be  seen ;  but  by  removing  the  part  of  the 
crystal  which  contained  these  cavities,  I  succeeded  in  finding 
that  in  every  case  there  was  a  minute  cavity  in  the  centre  of 
the  luminous  quadrants,  or  at  the  intersections  of  the  arms  of 
the  black  cross,  from  which  the  compressing^  force  had  ema- 
nated. One  of  these  cavities  is  shown  at  K,  fio;.  2.  It  is  of 
a  quadrangular  form,  like  the  sccuon  of  a  rhomboidal  prism, 
soinelimes  elongated,  atui  sunielimes  of  a  slightly  irregular 
shape.  When  perfectly  regular,  these  cavil  its  are  between 
the  3000dth  and  the  ^OOOdth  ul  an  inch  in  diameter.  They 
are  always  dark,  as  if  the  elastic  substance  which  they  con- 
tained had  collapsed  into  an  opake  powder ;  and  I  have  met 
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witl)  only  one  case  in  which  lliere  seemed  to  be  a  speck  of 
light  in  the  centre.  Tiie  ilegree  of  compression  to  which  the 
topaz  has  been  subjected  is  mensured  by  the  polarized  tint 
developed  in  the  luminous  cjuadrants.  It  varies  trom  the 
faintest  pale  blue  to  tlie  vihile  of  the  iirsL  ui  c!er.  In  one  case 
I  found  the  luminous  quadrant  of  one  caviiy  coinciding  with 
a  luinmotis  quadmnt  of  another  cavityi  and  thus  producing 
the  mm  of  their  aeparate  tints.   This  elbct  is  shown  in  fig.  8* 

In  the  phenomenon  now  described,  the  eUutic  foroe  has 
spent  itself  in  the  compression  of  the  topaz.  The  cavity  Itself 
has  remained  entire^  without  any  fissure  by  which  a  gas  or  a 
fluid  could  escape.  I  have  discovered,  however,  other  cavides, 
and  these  gerierally  of  a  larger  sizci  in  which  the  sides  have 
been  rent  by  tijc  elastic  force  ;  and  fissures,  from  one  to  six  in 
number,  propagated  to  a  small  distance  around  them.  These 
fissures  have  modified  the  doubly  refracting  structure  pro- 
duced by  compression  ;  but,  what  is  vei'v  interesting,  no  solid 
matter  has  btieii  ieil  on  the  faces  of  jracture,  such  as  tliat  which 
is  invariably  deposited,  when  an  ordinary  cavity,  containing 
one  or  botli  of  the  two  new  iluids,  is  exploiicd  by  heat.  The 
form  of  some  of  the  cavities  which  have  suffered  this  disrup- 
tbn  is  shown  in  fig*  4. 

The  influence  of  the  compressing  forces  in  altering  the' 
density,  and  consequently  the  refractive  power  of  the  topaz,  is 
so  distinctly  seen  in  common  light  as  to  indicate  the  phssno- 
meoa  that  are  seen  under  polarised  light.  When  the  caviiy 
is  most  distinctly  perceived,  it  is  surrounded  with  luminous 
and  shaded  circles,  as  shown  in  fig.  5;  and  traces  of  these  are 
distinctly  seen,  as  shown  in  iig.  6,  when  the  specimen  is  ex- 
amined in  polarized  H«rht. 

The  cavities  now  described  have  obviously  no  resemblance 
w  hatever  to  tliose  which  I  have  described  in  previous  papers 
ai  containing  two  new  fluids.  When  any  of  the  latter  are 
either  burst  by  heat^  or  exposed  under  higli  temperatures  to 
the  compresi^ng  forces  of  the  fluids  which  they  contain,  they 
exhibit  none  of  the  phs&nomena  peculiar  to  the  former.  The 
doubly  refracting  structure  suflers  no  change  i  and  when  the 
cohesive  forces  of  the  crystal  are  overpowered,  the  faces  of 
most  eminent  cleavage  separate,  and  are  covered  with  trans- 
lucent crystalline  particles,  which  the  evaporated  or  discharged 
fluids  leave  behind. 

The  peculiar  character  of  the  pressure  cavities^  as  wc  may 
call  them,  is  still  further  evinced  by  the  nature  of  the  speci- 
mens in  wiiich  they  occur.  I  have  never  found  them  accom- 
panyinir  the  ordinary  cavities  with  two  fluids.  The  specimens 
which  contain  them  have  imbedded  in  them  numerous  crystals, 
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clifTerinn;  Utile  in  their  refractive  power  from  topaz,  and  ex- 
liibitiii^r  111  polavizrc!  li^lit  the  most  beautiful  colours,  varying 
with  tlie  Uiickncss  ot  llie  crystal,  and  dimirjishing  in  intensity 
as  their  axes  approach  to  the  plane  of  primitive  polarizatiou. 

It  is  impob.-)ible  to  review  the  preceding  factb  wiibouL  arri» 
viug  at  the  conclusion,  that  the  topaz  must  have  been  in  a 
8oft  and  plastic  state  when  It  ;^eklea  to  the  compressing  force 
which  emanated  from  the  cavities;  and  that  a  mineral  body 
thus  acted  upon  could  not  have  been  forroed»  according  to 
the  received  theory,  by  the  aggregation  of  molecules  having 
the  primitive  form  of  the  crystal. 

In  a  letter  to  Sir  Joseph  Banks,  printed  in  the  Pbilc»ophica1 
Transactions  for  1805,  I  deduced,  from  my  experiments  on 
depolarization,  the  existence  of  n  new  "species  of  crystalli/a- 
tion,  which  is  the  efiect  of  time  alone,  and  whicli  is  protluctd 
by  the  slow  action  of  corpuscular  forces;"  and  I  have  re- 
marked that  "this  kind  of  cr^^stallization  wili  }ii()l);il)ly  be 
found  to  Imve  had  an  exlenbive  influence  in  those  vast  arrange- 
ments which  must  have  attended  the  formation  of  our  globe." 
These  views  have  been  confirmed  by  various  new  iactSy  wholly 
independent  of  each  other ; — by  the  existence  of  crystals  im- 
bedded in  topaz,  and  having  their  axes  in  all  possible  din^ 
tions,  but  especially  by  the  nature  and  ftnyaa  of  the  strata  of 
fluid  cavities  in  that  mineral.  These  strata  cut  at  all  inclina- 
tions the  primary  and  secondary  planes  of  the  crystal.  They 
are  bent  in  the  most  capricious  manner,  formmg  planes  of 
double  curvature;  and,  what  is  also  true  of  individual  cavities 
stretching  in  every  possible  tiirection,  they  could  never  have 
been  formed  but  when  the  topaz  was  in  a  soli  and  plastic 
state- 

An  objection  to  these  views  may  be  drawn  from  the  fissures 
which  proceed  from  the  pressure  cavities.  The  topaz  musty 
doubtless,  have  been  indurated  when  these  fissures  took  place ; 
but  It  is  equally  obvious  that  the  depolarization  produced  by 
compression  must  have  previously  existed,  and  it  Is  probable 
that  the  fissures  were  produced  after  the  crystal  had  been 
removed  from  its  matrix,  and  when,  from  cleavage  or  other- 
wise, its  cohesive  forces  had  been  diminished. 

St.  Leuiuirii'b  CuUug^e,  Sc.  Andrews, 
Januaiy  16, 1845. 
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XX.  Researches  m  ike  Composition  and  Characters  of  certain 
Soils  and  Waters  belonging  to  the  Flax  districts  of  Bcl^inm^ 
and  on  the  Chemical  Constitution  of  the  Ashes  of  the  Flax 
Plant.   Bjf  bir  Kob^rt  Kan£>  M.D^  M^ILLA. 

[Contiiiued  from  45.] 

8.  Results  of  the  Examiualio/i  of  the  Ashes  of  Flax  g^rofon 
upon  the  Soils  previouslij  aual^seiL 

A.  Tills  w:is  coarse  flax;  and  the  flax  of  this  district  is 
usually  ot  rather  poor  ciiiality.  It  is  however  in  most  cases 
sown  late,  about  the  i5th  of  May. 

On  incineration,  this  flax  was  found  to  give  of  pure  asii,  in 
average,  4'237  per  cent. 

The  stem,  ih  icd  at  212^,  and  uualysedj  was  found  lo  con- 
tain 0*982  per  cent,  of  nitrogen. 

The  ash  contained,  per  cent,  after  deducting  the  sand  and 
charcoal,  which  can  be  considered  bat  as  accidentally  present: 


Potash  7*697 

Soda  ig-i8G 

Lime   15-379 

Mni^riesia  3 '446 

Oxide  of  iron    .   •    •    •    •  4*501 

Alumina   0*444 

Oxide  of  manp^nese  ...  a  trace 

ISiil])luiric  acid   6'280 

Phosphoric  acid    .    .   «    .  11*206 

Carbonic  acid   •   •   •   •   •  ?0*599 

Chloride  of  sodium    •   •   •  8*818 

Silica   8*056 


100000 

B.  This  flax  was  of  tlie  very  best  description^  and  was 
grown  Iroiii  llriit-class  seed. 

The  stem,  dried  at  212%  and  analysed,  was  found  to  con- 
tain per  ceaaX  0*756  of  nitrogen. 

On  Incineration,  the  plants  dried  at  81S%  yidded  in  afen^ 
5*434  per  cent  of  pnre  ash. 

After  dednctinff  the  sand  and  charcoal  accidentally  present* 
the  ash  was  found  to  contain  per  cent,* 
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Potash   22*897 

Soda   none 

Lime  16'483 

Magnesia  3*332 

Peroxide  of  iron   ....  1*523 

Alumina   0-438 

Oxide  of  manganese  ...  a  trace 

Sulphuric  acid   6*174 

Phosphoric  Mid  .  •   *  *  11«902 

Carbonic  acid   85*8S5 

Chloride  of  sodiam  •   •   .  8*701 

Silica   9*409 

99*994 


C.  This  flax  was  Tery  fio^  and  waa  said  to  be  aa  good  aa 

any  grown  in  that  season. 
The  stem,  dried  at  212%  and  analysed*  was  found  to  Coop 

tain,  per  cent.,  0*8 of  nitrogen. 

On  incinerntio!!,  tlip  plant,  dried  at  212%  yielded  ill  average 
3'670  per  ct  lii.  ot  pure  aih. 

Afler  deducting,  as  usual,  tiie  sand  and  Gbai'coal,  the  asli 
was  iuuiid  to  contain  per  cent., — 


Potash   S«*dOS 

Soda   14*116 

Lime   18*525 

Magnesia  3*933 

Peroxide  of  iron  .   •   «   •  1*100 

Ahimina   0*725 

Oxide  of  man ^anese  •    •    •  a  trace 

Sulpliiiric  acid   6*833 

PlnKjihorio  acid    ....  8'811 

Cai  boiiic  acid   IG'383 

Chloride  of  sodium    .    .    .  ^'SS5 

SiJioa   g'678 

99*992 


D.  This  flaxj  of  a  rather  coarse  quality,  bad  been  sown 
May  9nd»  and  polled  July  29, 

The  plant,  dried  at  and  analysed,  yielded  OHOl  per 
oenta  01  nitrogen* 

On  incineration  after  desiccation.  It  gave  4*548  per  cent,  of 
ashes. 

The  composition  of  the  ash  per  cent*  was— 
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Potash  26*790 

Soda  -429 

Lime  19*098 

Magnesia  •    •  3*648 

Peroxide  of  iroa     •    •    •    •  2*281 
Aiumiiui  none 
Oxide  oi  manamese   .    .    .  nune 

Sulphuric  acid  12*091 

riiusphonc  acid  lO'USiJ 

Carbonic  acid  9*895 

Chloride  of  sodium  •  .  •  18'751 
Silica  S*030 

99*996 

Loss    ........  '004 


100  000 

H.  The  flex  grown  upon  the  Datdi  soil  yielded,  on  ana« 
lysis,  1*000  per  cent*  of  nitrogen,  when  dried  etSlfl^  Febien- 

heiL 

It  also  gaT%  by  iodaeiiAion^  5*151  per  cent,  of  ashes,  of 
which  the  coeapceitiini  per  esnt.  was  found  to  be  as  foilows^— 


Potash  18-410 

Soda  10*912 

Lime  18*57i 

Magnesia  8*023 

Peroiddeof  Iron    •   •   •   •  2*360 

Alumina  1*439 

Oxide  of  manganese    .    »    ,  none 

Sulphuric  acid  9*676 

Piiosphoric  acid     .    •   ,    .  11*058 

Carbonic  acid  13*750 

Chloride  of  sotliuui  .  .  .  5*655 
Silica  V 

99-984 

Loss  •   •  '016 


100*000 

If  we  examine  somewhat  in  detail  the  resuiid  ol  the  ash 
analyses  above  given^  there  will  be  found  several  points  worthy 
of  atlemioOk  in  refereaoe  to  the  probable  laws  of  repiaeeinent 
of  aoids  and  basesb  as  mineral  constilnents  of  i^antas  and  also 
with  rmrd  to  the  necesisrv  presence  of  certain  materials. 

It  will  be  seen  that  in  aU  ca^es  a  large  proportion  of  the 
bases  of  the  ash  had  been  combined  wi£  orannic  adds,  and 
wore  hence  found  IP  the  esh  as  carbonatcai  TUsquanthjisb 
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however,  variable;  and  it  will  be  seen  that  a  variation  takei 

place  in  the  quantity  of  sulpharic  acid  exactly  of  an  oppoiile 

character ;  so  that  in  the  plant,  the  proportions  of  organic 
salts  and  ol  sulphntcs  wonkl  appear  to  have  been  such,  that  an 
incrense  in  one  replaceil  ajiy  deficiency  of  the  other.  Thus 
when  ilie  (juantity  of  carbonic  acid  in  the  asli  was  25*235,  the 
sulphuric  acid  was  C'lT't;  but  when  the  sulphuric  acid  was 
12  091,  the  carbonic  acid  fell  to  i>  895.  1  do  not  however 
mean  absolutely  to  assert  that  the  sulphuric  and  the  orcauic 
acids  of  the  plant  are,  in  all  caaea^  or  exactly,  mutual^ 
placing. 

The  small  <|iiantity,  as  well  as  the  narrow  limiti  of  flnctua> 
tion  of  the  silica,  is  worthy  of  notice;  particularly  when  com- 
pared with  that  which  I  shall  have  to  notice  as  regards  the 
composition  of  Irish  flax.  It  does  not  appear  cODOected  with 
any  of  the  bases  in  particular^  nor  to  follow  any  special  varia- 
tion among  them. 

There  is  nothing  more  peculUrly  characteristic  in  the  com- 
position of  the  ashes  of  t!)e  flax  plant,  than  tlie  (UKUiiiLy  of 
phosphoric  acid  which  is  found  therein.  In  oi  dor  t  o  bring 
tiiib  nUo  lull  evideiice,  1  hludl  extract  froiii  the  vvoi  ks  ul  other 
chemists  the  determination  of  the  quantity  of  phosphoric  acid 
in  the  ash  yielded  by  the  stems  of  other  plants. 

Tobacco  stalk  and  leaves  .    .  2*73 

"Wheat  stems  d*lO 

Oat  stems  3*00 

Clover  plants  6*30 

The  stems  of  flax  are^  then»  more  than  double  as  rich  in 
phosphoric  acid  as  the  stems  of  even  the  cereal  passes  or 
leguminous  phints;  and  if  we  even  look  to  the  constitution  of 
the  ash  of  many  substances  used  as  food  by  man,  we  shall  find 
tbaty  in  100  parts,  there  are  from  the  ash  of-^ 

Oats   ...»  14'9  phosphoric  acid 
Potatoes  .   .  .  11*3 
Turnips  •   •  •  6*1 

whilst  the  average  of  the  analyses  of  Belgian  and  Dutch  flax 
ashes  show  that  there  are  present  no  less  than  10*77  percent. 
It  was  this  enormous  quantity  of  the  most  valuable  iijgredient 
of  mannre  that  first  impressed  me  with  the  importanoe  of  its 

cBConomy,  and  induced  me  to  endeavour  to  fix  the  attention  of 

ai^ricnlturists  upon  the  fact ;  for  if  we  cnlculatc,  from  the  pro- 
duce per  acre,  the  (|uantity  of  phosphoric  acid  taken  from  a 
statLiic  acre  of  ground  by  an  ordinary  crop  of  any  of  the  usual 
kiiui.>,  we  shall  find  that  it  amounts  in  the  case  of  flax  to  very 
neatly  aj>  much     wiiii  any  oi  the  urciiuary  grain  ui  i  out  ci  up^ ; 
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and  that  wbibt  the  minenil  dements  of  these  ere  vvbet  the 
▼aloe  feelly  consists  in,  the  value  of  the  flax  is  altogelher  in- 
dependent  of  those  oonstitueiitSi  which  are  thus  so  much  real 

loss  to  the  farmer. 

Hence,  under  the  ordinary  plan  of  cultivation,  farmers  were 
certainly  in  the  right  to  consider  it  one  of  ihc  most  exhausting 
crops;  and  that  its  place  in  rotation  should  be  equivalent  to 
that  of  a  grain  crop,  which  it  ought  by  no  means  to  Ibllow,  or 
be  lollowetl  by ;  whereas,  inider  n  system  of  inanuj^ement  which 
should  ;dluvv  til  lLc  })i'opci  (rcLiiiomy  of  its  mineral  constituents, 
tliuL  aie  separated  in  the  processes  of  waterin*^  aiul  dress- 
ing, the  phosphoric  acid  and  other  materials  might  be  restored 
to  the  manare  heap  or  to  the  field,  and  the  crop  of  flax  be 
thus  deprived  of  those  permanently  exhaustuig  qualities  which 
it  now  possssses. 

It  will  be  interestinj;  further  to  notice  the  oonstitntion  of 
these  ashes»  under  a  pomt  of  view  which  has  been  put  forward 
by  some  chemists,  as  possessing  the  character  of  a  general  rule 
or  law;  to  wit,  that  although  the  individual  bases  present  in 
an  ash  may  vary  very  much,  and  even  some  (as  in  one  of  the 
ashes  analysed,  B  soda)  may  be  totally  absent,  yet  the  sum  of 
the  oxygen  present  in  the  bases  will  be  found  to  be  constant. 
If  we  apply  that  rule  to  the  asiies  above  analysed,  we  shall 
find — 


Title  t/i  iuli.  Quantiiy  ot  oxy<;en  in  bases. 

A  lS-73 

B  10*95 

C  14*65 

D  19-45 

H  18-60 


Average    .  13'28 

There  is  certainly  a  close  agreemcni  uuong  lIi.^o  numbers; 
iuul  if  we  excludeil  utie  auulysis  (B),  wliich  is  nKn  (  xccpuuiud 
\i\  coiiiaiiiini^  no  soda,  it  should  tlccidedly  appear  that  the 
quantity  of  uxyi^en  present  in  ilic  bases  ot  100  parts  of  ash 
was  reoresented  by  a  constant  number  (13*86).  It  will  be 
found  tnat  the  analyses  of  Irish  flax  lend  support  to  this  view; 
but  I  think  that  we  shall  require  very  many  more  analyses 
before  we  can  fix  upon  it  as  a  positive  law. 

In  order  to  afibrd  comparison  with  the  results  above  given, 
I  have  extended  my  analyses  of  Irish  flax ;  and  as  there  appear 
one  or  two  remarkable  points  of  dilforence  between  ihenut  I 
shall  notice  also  my  prior  results. 

The  flax  1  originally  experimenteil  on  was  grown  at  my 
own  residence^  a  short  distance  irom  Dublin.   It  yidded. 
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when  dried  nt  '2! '2^,  0'56  of  nitrogen  per  cent.,  and  5  per  cent, 
ot  ashes,  consisting  of,  in  100  parts, — 

Potash  9-78 

Soda   .    ,   •  9- 82 

Lime  12'33 

Mnirnesia  7*79 

Alumina  0*08 

Phosphoric  acid     .    .    .10*84  , 
Sulphuric  acid  ....    2*65  • 
Carbonic  acid  ...   *  16*95 

Chlorine  2*41 

Silica  gl'S5 

1 00-00 

1  selected  for  another  analysis  a  specimen  of  flax  given  to 
me  by  William  Hhicker,  Esq.,  whicli  had  received  a  pri/o  at 
the  Market-hill  sln  nv  by  the  tenants  of  the  Ear!  of  Gosloi  d. 
When  dried  at  212  ,  tiiis  Haxyickled  0*672  per  ceiit.  ofnitriH 
gen,  and  5*572  per  cent,  of  oshes,  which  coiitained  per  cent. — 

Potash  6-332 

Soda  6-350 

Lime   22*699 

Magnesia  i-OSS 

Peroxide  of  iron  ....  13*520 
Oxide  of  manganese  .  •   •  1*092 

Alumina  «  •  none 

Sulphuric  acid  8*929 

Phosphoric  acid  •  •  •  •  7*002 
Carbonic  acid  .....  1*107 
Chloride  of  sodium  .  •  .  0*901 
Silica  24>-978 

99*968 

There  is  first  to  be  remarked  the  very  curious  circumstances 
of  both  Irish  specimens  containing  a  large  quantity  of  siltc«t 
from  21  to  25  per  cenL,  whilst  the  Belgian  and  Dutch  flax 
contained  only  from  S  to  5  per  cent.  In  the  Dublin  flax  there 
is  no  particular  replacement  to  which  this  could  be  attributed; 
but  in  the  Armagh  flax,  the  small  quantity  of  carbonic  acid, 
only  l  per  cent.,  shows  that  the  organic  acid<?  Iiad  been  but 
little  generated  in  the  plant,  and  probably  a  quantity  of  silica 
was  substituted  for  them.  The  question  ot"  whether  this  large 
quantity  of  silica,  wliicli,  however,  is  mostly  removed  from  the 
librc  along  wiiTi  tlie  oliier  materials  during  its  tlressing,  could 
produce  in  ii  any  degree  oi  hardness  or  brittleness,  is  very 
well  worthy  of  the  attention  of  the  philosophical  agriculturist. 
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It  ii  renatluiblo  a]so»  that  in  both  Irith  flasef  ibe  potaah 
and  8oda  are  present  m  equal  quantitiea,  though  not  in  the 
same  quantity  in  each  aah.  This,  howevarj  may  be  only  a 
coineidenoe^  though  still  a  remarkable  one. 

A  more  interettmg  peculiarity  is  the  presence,  in  the  Armagh 
flax,  of  the  very  large  quantity  of  peroxide  of  iron,  13*5  per 
cent.  In  the  Dublin  flax  I  have  not  formerly  counted  iron 
ns  an  i»igredient,  although  1  did  find  in  the  analyses  a  mv.\\\ 
quantity,  because  I  h:id  burned  the  plants  on  a  sheet  ol  ii  on 
wire-gauze,  and  I  feared  that  a  minute  quantity  of  iron  might 
be  derived  tioui  that;  and  also  that,  in  that  analysis,  my  only 
object  was  to  show  the  presence  of  large  quantities  of  valuable 
ingredients,  whicii  Lhc  larmer  ought  lu  ceconomise.  I  there- 
lore  did  not  separately  determine  that  minuU^  trace  of  iron, 
which,  however,  oonld  in  no  way  afiect  tim  nomerical  reanlts. 
The  occurrence  of  the  large  quantity  of  Iron  in  the  Armagh 
flax  18,  therefiife^  tbe  more  curious;  and  it  will  be  interesting 
to  examine,  by  other  analyses  of  the  flax  sown  in  the  8an£ 
stone  districts  of  the  north  of  Ireland,  whether  the  same  pro- 
portion of  oxide  ofjron  will  be  ibond. 

Notwithstanding  the  great  difference  in  the  quantity  of  silica 
in  the  Irish  flaxes  from  the  Belgian,  the  proportion  of  oxygen 
per  cent,  in  tbe  bases  comes  out  nearly  the  same.  Thus  the 
bases  contain  of  oxygen, — 

Flax  from  Dublin  .    .    ♦    •  13"41 
Flax  from  Armagh .    .    •    •    1 3*66 
closely  coinciding  with  the  number  already  ibimd  for  the 

Belgian  nni\  Dutch  flax. 

It  is  not  uuini|)ui  umt  to  correct  a  statement  reccutiy  made, 
that  prepared  fibre  of  flax  is  not  so  destitute  ol  iiiij:eral  con- 
stituents as  I  liave  assumed  in  the  preceding  iuvestigalions. 
In  order  to  arrive  fully  at  the  truth,  I  have  instituted  some 
addiuuual  experiments,  with  the  following  results:  — 

A.  Very  imperfectly  dressed  flax  from  the  county  Clare 
gave,  by  incineration,  with  proper  precautions,  0'97  per  cent, 
of  ashes,  containing  principally  oxide  of  iron  and  lime* 

fi.  A  specimen  of  perfecdy  dressed  flax  from  Bel&st  gave^ 
on  Incineration,  0*62  per  cent,  of  ashes* 

C«  A  specimen  of  fine  dressed  linen  gave,  on  incineration, 
0*94  per  cent,  of  ashes,  principally  lime^  with  some  oxide  of 
iron*  Hence  it  is  evident  that  my  former  results  on  this  point 
were  precisely  confirmed  by  these  new  trials. 

4*  ResulU  rfihe  Examinaium  of  ihe  Waters  selected  for  sieep^ 

ing  Flax  in  Befgium, 

No*  1*  This  water  is  from  a  lai]ge  pond  near  the  bank  of 
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die  Sdieldt,  which  has  been  most  likely  fomied  by  digging 
out  peat  for  fiiely  as  the  soil  near  it  is  peat»  and  as  m 
bouring  ponds  peat  is  now  scraped  up  from  the  bottom^  and 
prepared  for  fuel  by  drying  in  the  sun.    This  waiter  is  renewed 
by  the  overflowing  of  the  Scheldt^  and  is  apparently  not  at  all 

This  water  was  pretty  clear,  but  contained  some  suspended 
matter.  When  100,000  grains  were  evaporated  to  dryness 
ttiere  was  obtained  51*70  grains  of  residue^  consisting  o4  in 
100  parts, — 

Protoxide  ot  iron  .    •   •    •  '514 

Lime  (y[)\\) 

Magnesia     ......  -856 

fcJuda  28-620 

Potash  8-740 

Sulphuric  add  8*054 

Muriatic  acid  95*765 

Phosphoric  acid    •  •   •   .  no  trace 
Carbonic  acid,  with  organicl  o/%.  e  1 1 
matter  and  bss    .  .  J^^O^ 

100000 


No.  2.  Water  1  Voni  one  of  the  best  Bloe  retting  pits,  near 
Hamme  Log^  in  Belgium.  This  water  is  also  sui^iied  from 
the  Scheldt  annuallyi  before  the  retting  season  commences, 
and  left  to  stand  in  the  pit  for  six  or  ei^ht  weeks*  The  top 
becomes  covered  with  green  weeds  which  are  cleared  off  im- 
mediately the  flax  is  put  in.  This  causes  the  water  to  be 
mnddy,  as  there  is  a  considerable  thickness  of  mud  at  the 
bottom  which  is  disturbed,  the  workmen  standing  In  the  pit 
when  cleaning  the  top  of  the  water.  The  flax  is  then  laid  in; 
and  after  laying  two  or  three  layers,  they  shovel  up  some  of 
the  mud  in  the  bottom  to  put  on  the  flf^x  to  sink  it;  and  when 
the  pit  is  full,  the  flnx  is  covered  by  about  an  inch  thickness 
of  mud.  Tins  sample  was  taken  from  a  which  had  jiisc 
been  disturbed  and  mudded  by  cleansing  the  top  of  weeds, 
preparatory  to  putting  the  flax  in. 

Tliis  water  was  found  very  muddy,  but  the  suspeudetl  mat- 
ter was  principally  organic. 

100,000  grains  lefl  by  evaporation  1S9'69  grains  of  solid 
matter^  of  <xhrey  appearance^  and  consbting,  per  cent.,  of—- 
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Protoxide  of  iron 
TJme  .    .  • 
Mafi^nesia  •  • 
Soda    .    .  , 
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C'633 
8- 1-3 .5 
1369 

8-435 
8-682 
no  trace 


50-658 


Potash  .     ,  , 
Sulphuric  ucid 
Muriatic  acid 
Phosphoric  add 
Carbonic  acid,  with  of||anic  1 
matter  and  loss  •  .  j   

100*000 

No.  ^.  This  water  is  from  a  large  pond  similar  to  that  from 
which  No.  1  is  taken,  but  from  aafffefenlpartofthe  coontry, 
and  a  much  lai^r  body  of  water. 

It  was  clear,  containing  but  wy  little  suspended  matter. 
100,000  trrains  left  on  evaporation  50*68  grains  of  solid 
residue,  whicU  consisted  of,  per  cent.,— 
Protoxide  of  iron 
Lime    .    ,  . 


2-584. 
17-829 
1-530 
30-232 
1.V762 
11-627 
S'580 
no  trace 


1  rtioG 


Soda    .    .  • 
Potash    .  . 
Solphnricacid 
Muriatic  acid 
J^iosphoric  acid 
Carbonic  acid,  with  ofgani 
matter  and  loss    .   «  _ 

"  lOO'OOO 

No.  4.  This  water  is  from  the  river  Lys,  so  celebrated  for 
its  steeping  qualities.  It  was  taken  from  the  river  in  France 
before  it  had  reached  the  highest  retting  place.  The  specimen 
was  ciean,  but  there  was  some  suspended  matter,  principally 
organic. 

100,000  grains,  evaporated  to  dryness,  left  a  residue  of  45*1 1 
grains,  consisting  of,  in  100  partii,- 
Protoxide  of  iron 
Lime  .... 


Magn 

So£ 

Potash  .    .  . 
Sulphuric  acid 
Muriatic  acid 
Phosphoric  acid 
Carbonic  ncid,  with  Ofganic"! 
matter  and  loss   •   .  J 

Too  000 

PkU.  Mag.  S,  3,  Vol,  31.  No.  206.  dug.  1847. 


e-soo 

5-484 
M92 
28-898 
5*405 
9*800 
7*754 
•079 


S6«288 
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No.  5.  This  water  was  from  a  tBtting  pit  in  Holland. 
1  OOyOOO  grains,  e?aporBted  la  dryneas^  gave  a  lendue  of 
42*4  grains,  which  consisted,  per  cent.,  of^ 

ProUnude  <»f iron   •   •  *   •  I  183 

Lime   SCI  3 

Magnesia    7*601 

Soda   19-277 

Po!f>>h   8-205 

Sulpliuric  acid   5*607 

Muriatic  acid   9*439 

Carbonic  acid,  with  organic!  j,*^* 

matter  and  loss.    .    .    J  ^ 

1 00*000 

With  regard  to  the  constitution  of  these  several  spedmens 

of  water,  it  can  only  now  be  remarked,  that  in  all  there  was 
present  a  large  (juantity  of  mineral  impurities;  and  that  in 
Nos.  2  and  4?,  the  verv  snini  les  which  are  of  the  mo^t  reninrk- 
able  and  celebrated  bU  <  })iiig  waters  in  Belgium,  a  large  quan- 
tity of  iron  is  present,  su  that  they  niiirht  be  in  a  degree  termed 
chalybeate  waters.  How  tliis  regaiiU  tlu  n  excellence  tor 
j)reparing  flax  i  du  not  pretend  to  say,  aiui  indeed  it  will 
require  much  more  extended  investigation  before  a  satisfactory 
solution  of  it  can  be  given. 

All  these  waters  are  further  remarkable  for  containing  a 
larger  quantity  of  potash  than  ordinal  y  waters  are  found  usu- 
ally to  have.  I  shall  not»  however,  enter  minutely  into  the 
discussion  of  their  constitution,  as  I  shall  have  to  resume  the 
subject  at  another  time;  and  I  wish  only  to  place  on  record 
for  the  present  the  analytical  results  which  the  samples  of 
waters  forwarded  to  roe  from  Belgium  by  Mr*  Marsfaalif  bad 
aflbrded. 

XXI.  On  the  Tiuoi  elical  Velocitij  oj Sound,  By  J.  P.  Joule*. 

THE  celebrated  French  mathematician  De  Laplace  has, 
it  is  well  known,  pointed  out  that  the  !»ent  evolved  by 
the  compression  of  air  is  the  cause  of  the  velocity  of  sound, 
according  to  the  theory  of  Newton,  being  so  much  less  than 
that  actually  observed.  He  luis  al.^o  given  a  turnnila  by  which 
the  velocity  may  be  determined  when  the  i  alio  of  the  specific 
heat  of  air  at  constant  pressure  to  that  at  constant  volutnc  is 
known.  Tiie  determination  of  the  elevation  of  leuipei  aluie  lu 
air  by  compression  has  however  been  hitherto  attended  with 
difficulty,  and  hence  the  theorem  of  Da  Laplaoa  has  never  yat 
been  fairly  compared  with  experiment.  I  was  therefore  anjuoos 

*  Communlcsted  by  the  Author. 
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to  amrtain  haw  far  the  mechanical  equivalent  of  heaty  as 
termined  by  my  rtoont  experimentt  on  the  friction  d  fluids^ 
might  be  able  to  contribute  to  dear  up  this  question* 

The  capacity  of  air  el  constant  presBore^  according  to  the 
experiments  of  De  la  Roche  and  Berard,  is  0*2669.  Conse- 
quently a  quantity  of  heat  capable  of  increasing  the  tempera- 
ture of  a  IbL  of  water  by  1°,  will  gi?e  1^  also  to  3*747  lbs.  of  air, 
while  the  air  will  he  expanded  expansion  in  which  a 

force  equal  to  20i)'~  Jhs.  throng  a  foot  is  expended  in  raising 
the  atmosphere  of  the  earth.  The  e({uivuient  ot  a  degree  of 
heat  per  lb.  of  water,  duLernuncd  by  tlie  careful  experiments 
brought  before  the  British  Association  at  Oxford,  is  775  lbs. 
through  u  foot,  iionce  200*7  lbs.  through  a  foot  is  equal  to 
0°-259. 

We  see,  therefore,  that  for  every  degree  oi  heal  employed 
bj  De  la  Roche  and  Berard  in  expanding  and  heating  air, 
in9B9  was  occupied  in  producmff  the  mechanical  eftct»  leavmg 
0^*7il  as  that  actually  employed  in  raising  the  temperature  of 
the  air.  Hence  the  actual  specific  heat  (commonly  called 
capacity  at  constant  volume)  is  O*S609  x  0*741 8aa*l977.  Tap- 
king  this  as  the  specific  heat  of  air  and  the  ecjuivalent  775»it 
ibllows  that  if  a  volume  of  air  of  17r6  cubic  mches  be  com* 
pressed  to  170*6  cubic  incheS)  it  will  be  heated  1^,  n  quantity 
of  heat  which  will  occasion  an  mcreased  pressure  ot  :y^y»  So 
that  the  celerity  of  sound  will  be  increased  by  this  means  in  the 
s»ubduplicate  ratio  of  191  to  661*6,  or  in  the  simple  ratio  of 
2216  to  2572,  whicii  will  bring  it  up  from  Newton's  estimate 
of  913  to  1095  feet  per  which  is  as  near  USO,  the  actual 
velocity  at  32\  as  coiild  be  expected  from  the  nature  of  the 
experiments  on  ihc  ^pecihc  heuL  ui  an,  and  luily  cuniirms  the 
theory  of  Laplace. 
OakFteld,  Btar  Manchester, 
Jttlyl7>]847. 


XXIL  On  the  GMnpon^tcm  of  Caffein,  and  of  some  of  it§ 
Cow^wmkb,   By  Eowaro  Ghaiibsrs  Nicholson,  Esq,^ 

/^AFFEIN  was  lirst  analysed  by  Professors  Liebig  aad 
^  F&fft  in  1832.  The  result  of  this  investigation  was 
confirmed  by  a  aubcequent  analysis  of  Brof.  WiJhler 

In  1838  Professor  Liebi^  induced  M.  Jobst(  to  analyse 
thein^  who  proved  this  body  to  be  identical  with  cafiein. 
His  analyses  gave  the  same  reaulta  as  his  pr^ecessors.  The 
same  remark  applies  to  the  ezpeziments  or  Mnider  ||  on  thein, 

*  Gommunlcated  by  the  Gfaemicsl  Society:  having  been  reed  Feb.  15, 

1847. 

f  Liebxg'n  Jn!i(ileu,  '\.\7.  ♦  Ibid.  ^  Ibid.  xxv.  63. 

II  Bulletin  dtm  Sciencei  Ph^».  ei  Nat,  *ie  JSeeriande,  p.  '62, 
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and  also  to  an  analysis  which  M.  MarChis  *  made  of  guaraniay 
a  substance,  the  identity  of  which  with  caflfein  and  thein  bad 
previously  been  pointed  out  by  Berthemot  and  Deehastelus-^. 
Lotelj  J>r.  Stenhouaelt  when  eacamining  Puaffoay  tea»  hai 
also  made  some  analyses  of  thein. 

The  following  table,  in  which  I  have  recalculated  these  ana- 
IvRps  nrrording  to  the  atomic  wpi2:hts,  rrTrhon  6  and  hy- 
ilru<iea  1,  allows  a  comparison  to  be  made  of  the  results  ob- 
tained by  these  chemists. 

Mean  42^  the  Anai^9€B* 


I — ■  '  '  ^ 

Liebig&  i'loii.  VVubler.  Mulder.     Jobst.    Slenbouse.  Martins. 

Carbon    .   49*30   49*25  49*18   49*47   48-95  49*23 

Hydrogen     5*22     5*43  5*49     5*20     5*15  5*08 

Nitrog^.   28*86  ^^'^  28*83 

The  most  simple  expression  which  can  be  deduced  from 
these  numbers  is 


Stenhouse^s  aoalyais  however  of  the  phtinum  oompouod 
proves  that  this  fomula  must  be  doubled,  and  that  the  atom 
of  eaffein  or  thein  is 

The  theoretical  numbers  of  this  formula  are  the  following:^ 
16  eqs.  Carbon  •   •   ,     96  49*48 
10       Hvdrogen  •   *     10  515 

4  Nitrogen  •  .  56  28*86 
4      Oigrgen  •  •   •    ^  in-5l 

194  lOO-CX) 
From  these  numerous  experiments  the  composition  of  caf- 
fcin  mi'jht  have  been  considered  as  perfectly  established.  In 
a  recent  investigation  of  coffee,  however,  M.  Payen§  states 
that  he  has  obtained  results  which  differ  very  sensibly  from 
those  obtained  by  his  predecessors^  aud  which  he  has  trans- 
lated into  the  formula 

which  contains  1  equiv.  of  oxygen  less  than  the  formula  up 

to  the  present  time  admitted. 

The  theoretical  numbers  of  PayciTs  formula  are — 

16  eqs.  Carbon  .    .    .      UG  51*43 

10  ...  Hydrogen  .    .      10  5*35 

4  ...  Nitrogen     .    .     56  30*34 

3       Os^gen  .   •   .   _24  12*88 

186  100-00 

•  Liebig's  Jnnaleii,  xxxvi.  93.  f  Ibid,  3«xri.  90. 

1  Mem.  Clicm.  Soc,  vol.  i.  pp.  215,  2S7.  flluL  Mtg.,  aBiiL|^4M.] 
i  Oompi€§  Rmthu  de  i^AtmdSmh,  tome  ndl.  8. 
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We  observe  here  a  diffisrence  of  2  per  cent,  of  carbon^  which 
M.  Payen  has  obtained  over  the  leBulta  of  the  above-men* 
tioned  chemists. 

In  order  to  ehicidate  this  discrepancy,  Dr.  Hofinann  in^ 
duoed  me  to  make  some  experiments  under  his  direction^ 
partly  with  a  quantitj  of  beautiful  cafiein  which  he  gave  me* 
and  partly  widn  a  specimen  which  1  have  prepared  myself. 

Caffein, 

To  ensure  ]>erf'ect  pnrity  of  the  substance  it  was  crystal- 
lized three  times  from  dihitc  alcohol,  washed  nnd  drierh  Thus 
purified,  it  formed  very  heautiful  \on'^  while  prisms,  pericctiy 
transparent  when  dried  in  the  air,  but  which  became  opake 
if  exposed  to  a  higher  temperature.  The  crj'stals  dried  in  the 
water-bath  lost  no  weight  when  kept  in  an  oir-baLh  for  four 
homs  al  a  temperature  of  ISCf  C. 

The  specimen  which  I  bad  prepared  myself  was  obtained 
from  Co^  Rico  coffee,  by  boiling  the  bmised  fruit  in  water^ 
precipitating  the  decoctions  by  bi»ic  acetate  of  lead  and  treat- 
ing  the  filtrate  with  hydrosulphnric  acid ;  afler  the  whole  of 
the  lead  had  been  removed,  I  evaporated  the  liquid  to  dry- 
ness in  a  water-bath^  in  order  to  get  rid  of  acetic  acid^  and 
dissolved  the  residue  in  a  small  quantity  of  boilinj^  water: 
upon  cooling,  the  caffein  crj^stallized  out  of  a  dark  colour, 
and  very  impure.  To  purify  it,  it  was  washed  and  rccrystal- 
lizcd  three  times  from  water,  and  finally  from  alcohol.  It  was 
till  n  perfectly  white,  and  had  exactly  the  same  appearance  as 
the  specimen  which  I  obtained  from  Dr.  iiulmann. 

I.  0*9827  gnn.  of  substance,  dried  at  lOO^  C.  and  burnt 
with  chromate  of  lead,  gave  0'6948  grm.  of  carbonic  add,  and 
0*1800  grm.  of  water. 

II.  0^417  grm.  of  substance,  burnt  with  chromate  of  lead 
and  dilorate  of  potash,  gave  0*7552  grm.  of  carbonic  add, 
and  0*1985  grm.  of  water. 

III.  0*3934  grm.  of  substance  of  my  own  preparation  gave 
0*7123  grm.  of  carbonic  add  and  0*1878  grm.  of  water,  which 
calculated  in  100  parts  gives — 

I.  11.  III. 

Carbon  .  .  .  49*51  49*39  49*37 
Hydrogen  •   .     5*22         5*23  5*30 

*  1  uwu  this  specimen,  of  great  beauty,  to  the  weil-kiiuwii  kiuduesa  of 
Mr.  E.  M«rek  of  DMUitadt— A.  W.  H. 
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which  agrees  with  Frofeasor  liebig's  formulas  M  it  seen  by 
the  following: — 

16  eqs.  Carbon  •  . 

10  Hydrogen  « 
Nitrogen  • 
Oxygen.  . 

Cajj  ein  and  Bichlort  de  of  Piatnnnu. 

On  precipitating  a  solution  of  catfein  in  hydrochlorio  acid 
with  bichloride  of  platinum,  as  Dr.  Stenhouse  has  shown,  a 

precipitate  of  an  orange- j'cllow  colour  is  o])taincd.  If  the  two 
solutions  are  mixed  hot,  thr  fluid  on  coolin:^  deposits  the  com- 
pound in  beautiful  granular  rrvstalline  tufts,  which,  when 
thrown  on  ;i  filter  and  washed  with  alcohol,  are  perfeet!y  pure. 
This  double  salt  is  only  s])ariii;^ly  soluble  in  alcohol,  iethcr, 
and  water.  It  does  not  alter  when  exposed  to  light,  nov  docs 
it  lose  in  weight  when  kept  at  lOQ-  C.  for  a  considerable  time. 

The  analyses  of  salts^  fdl  prepared  at  different  periods  and 
dried  at  100^  C,  gave  the  following  results: — 

I.  0*5382  grm.  of  substance,  burnt  with  chromate  of  lead, 
gave  0-4765  grm.  of  carbonic  acidj  and  0*1387  grm.  of  water* 

II.  0-4881  grm,  of  subsUncc  gave  0'1196  grm.  of  platinum. 

III.  0*4779  gnn.  of  substance  gave  0*1172  grm.  of  pla- 
tinum. 

IV.  0*6022  grm.  of  substance  gave  0*14^2  grm.  of  pla* 
tinum. 

V.  0*5781  gnn.  of  substance  gave  0*1425  grm.  of  pla- 
tinum. 

VI.  0*5246  gnu.  of  substance  gave  0*1293  grm,  of  pla- 
tinum. 

VII.  0*3847  grm.  of  substance  made  of  caffein  of  my  own 
preparation^  gave  0*0945  grm.  of  platinum. 

Which  give  the  following  per-centages 

I.       II.      III.      IV.      V.       VI.  VII. 

Carbon  .  23-Pn 
Hydrogen  2*86 

Platinum  ...  24*51  24*52  24*60  24*64  24*64  24*56 
leading  exactly  to  the  formula  given  by  Dr.  Stenhouse^  viz. 

C,,H,oN,0,HCl,  PtCl,, 

as  is  seen  when  placed  in  ^pmparison  with  the  (calculated 
numbers. 


"WEj,  experimente. 

96      49*48  49*42 

10        5*15  5*28 
56  28-86 
32  16*51 

194  100*00 
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16  eqs.  Carbon  . 
11 
4 
4 
3 
1 
1 


9f?0 
11-0 
56-0 
32-0 
106-5 
98-9 


23-  97 
2-74 

lays 

8-02 
26*59 

24-  70 


Mean  of  my 
experiments. 
23-80 
2-86 
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Dr.  StenhouM*! 

mean. 

24-22 
2-89 


24*58 


24*49 


Hydrogen 
Nitrogen 
Oxygen  . 
Cbloiine. 
Flatiniim  . 
Caflfein  andl 
bicfalcmde  V40(Hl  lOO-OO 
ofplatmnmj 

The  mafyns  of  oaff&n,  as  well  a«  that  of  the  j^atinum 
ooinpouiidsy  agree  ao  peifeistly  with  the  numben  of  Professor 
limg^B  formulaj  that  there  can  be  no  doubt  about  ita  aoeu* 

Aasnming  1  equiv.  of  oxygeo  less  in  the  equivalent  of  caf- 

fein,  as  is  proposed  by  M.  Paycn,  the  platinum  compound 
should  contain  not  less  than  24' U]  percent,  of  carbon  and 
25-12  of  platinum.  Now  three  determinations  by  Dr.  Sten- 
house,  and  six  which  I  liave  made,  nc\  er  gave  more  tlum  24*64 
per  cent.,  that  is,  (i  ti  per  cent,  less  of  platinum. 

Not  satisfied,  however,  with  these  proofs,  I  have  tried  to 
find  aome  other  compounds  by  which  the  atomic  weight  of 
cafibin  oould  be  determmed  with  eaual  accuracy* 

In  what  follows  a  description  of  several  new  double  salts 
of  cafibiB  will  be  ^ven,  the  analyses  of  which  correspond 
equally  well  with  the  original  formula  of  this  substance. 


('aJjVtn  and  Ntli  ute  of  Siher, 

This  compound  is  obtained  when  a  solution  of  nitrate  of 
silver  is  added  in  excess  to  an  aqueous  or  nleoholic  solution 
of  caflein.  if  the  solutions  are  concentrated  it  falls  down  in 
white  hemispherical  nodules^  which  adhere  firmly  to  the  side 
of  the  vessel. 

When  washed  wltib  witar  ndciyslalfiiedlKmiaiooliol  Hia 
abeolul^  puFSb  This  componnd  is  IndistiDctly  cryttsUine^ 
of  a  peWbcUy  white  eolour,  and  if  dry  undefgoes  no  change 
when  eipoaed  to  light,  bat  if  moist  acquirsa  a  purplish  hue. 
It  is  very  Sohible  in  hot  water  and  alcohol,  sparingly  aoluble 
in  cold,  and  may  be  boiled  in  either  solvent  without  tmder- 
jroin<>  decomposition.  It  loses  tk^  weight  in  the  water-hath, 
but  at  a  hii^her  tofiiperature  it  is  decomposed^  oa£R»n  iiubUiiies» 
and  metaUic  silver  is  left. 

Analysis. — ^When  bui  .it  with  ehromatc  of  lead— 
I.  0*4514  grm.  of  substance  gave  0*4345  grm.  of  carbonic 
acid>  end  0^1162  grm,  of  wafer. 
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IL  0*2500  grni.  of  Babstenoe  g«ve  •0744  grm.  of  aSver. 
III.  0*2716  gnn.  of  substanoe  gaiye  *0610  ^rm.  f^tHw, 
which  give  the  following  per-centageei«— 

I.         II.  II. 

Carbon  •   .   .  26*45 

Hydrogen  .   .  2*86 

Silver   29*76  29*82, 

and  the  formula— 0,^  H,o  N4  O4  +  AgO, 

as  may  be  seen  by  the  following  calculatioQ:-^ 

Theory.  Found. 

16  eqs.  Carbon  ...  96  26*37  26*45 
10  ...  Hydrogen  .    .     10        2*74  2*86 

5  ...  Nitrogen   .    .     70       19*23  ' 
10  ...  Oxygen     .    .     80  22*00 

1  ...  Silver    ...    108      _29-f5f5  29*79 

364  luuuu 

The  only  analogues  to  this  singular  compound  which  I 
know  are  those  of  nrea  and  nitrate  of  fdlver,  analysed  by  Wer- 
ther« :  the  fonnuhe  of  which  are^C^  N,  + Ag  O,  N0«, 
and  CgH4N,Oa+  2(AgO,  NO^. 

These  compounds,  however,  m  consequence  of  the  peculiar 
nature  of  urea^  are  not  very  stable,  being  decomposed  when 
boiled  with  water  into  nitrate  of  ammonia  and  cyanate  of 
bilvcr.  There  likewise  exists  a  compound  of  nitrate  of  silver 
niul  giycocoll,  lately  described  by  Uorsfordf,  having  the  for- 
mula 

C,H,N03  +  AgO,N05; 
and,  according  to  H.  Rose,  a  compound  of  nitrate  of  silver 
with  ammonia,  3  eqnivs.  of  this  gas  being  absorbed  by  1 
equiv.  of  the  former  salt. 

Chiondt  qf  Memory  and  CSi|^M. 

This  beautiful  compound  is  obtained  when  an  aqueous  or 
alcoholic  solution  of  caffein  is  added  to  a  solution  of  chloride 
of  mercury ;  the  latter  being  kept  in  excess,  the  fluid  remains 
perfectly  clear,  but  after  the  lapse  of  a  few  seconds  solidifies 
into  a  mass  of  very  small  crystals,  which  when  recrystaUized 
from  water  or  alcohol  and  washed  on  a  filter,  are  quite  pure. 

When  pure  and  crystallized  from  wak-r  it  is  ver^'  similar  in 
appearance  lo  caffein,  the  crystals  not  bemg  however  quite  so 
large.  It  is  very  solidjle  in  idcohol  and  water,  hydrochloric, 
nitric,  and  oxalic  acids,  and  seems  to  form  with  the  latter  a 
crystalline  compound.  It  is  ueaily  insoluble  in  sether.  In 
leference  to  its  constitation,  it  is  diatiQguiahed  from  the  don- 

*  Liebig's  Annalcn^  IvL  t  Ibid.  Ix.  ^U. 
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bic  salt  of  platinum,  for  in  this  instance  the  catlein  is  in  direct 
coLibination  Mith  the  chloride  of  mercury,  and  is  exactly 
analogous  to  the  correspond  in  ?  compounds  of  leucoline  nnd 
aniline  investigated  by  Dr.  llDtmann*.  The  uiercuriul  cuna- 
pounds  of  this  kind  arc  generally  easily  decomposed,  but  the 
compound  of  diloride  of  mercuiy  and  calfeui  i«  to  fltablcj  that 
it  may  be  boiled  in  water  for  a  connderable  time  without  un- 
dergoing the  alighteat  change  in  ita  propertiea.  It  may  be 
dridt  at  100"  C;  and  loaea  no  weight  at  that  temperature. 

I  endeavoured  to  combine  the  determination  of  the  caibon> 
hydrogen  and  mercuvy  of  thia  aubatance  in  one  combustion, 
and  have  perfectly  succeeded.  The  operation  was  conducted 
as  follows : — The  substance  was  mixed  with  chromate  of  lead 
and  introduced  into  a  combustion-tube  of  at  least  26  inches  in 
length.  About  C)  inches  of  copper  turnings  are  placed  above 
tlic  mixture,  leaving  a  space  of  8  inches  from  the  copper  to 
the  anterior  end  of  the  tube.  A  receptacle  for  the  mercury 
is  formed  out  of  the  tube  itself  by  contracting  it  about  an 
inch  fi:om  the  copper  turnings,  and  again  so  as  to  leave  an 
elongated  bulb  or  an  inch  in  &ngth.  At  the  cloae  of  the  ope- 
ration the  tube  ia  cut  with  a  file  at  the  poaterior  contraction* 
In  order  to  aeparate  the  water  from  the  mercuiYy  the  chloride 
of  calcium  tube  (which  has  not  been  detached)  is  connected 
with  an  aspirator  and  air  admitted  through  chloi  idc  of  cal- 
cium, the  bulb  being  kept  at  a  temperature  of  100"  C. 

I  obtained  in  my  analysis  the  following  numbers  : — 0*7833 
irrm.  of  substance  gave  0'5SJ2  grni.  of  rarbonic  acid,  0*lf)39 
grm.  water,  and  0'o.3G5  grni.  of  mercury,  corresponding  to 
the  tolKnving  pcr-centage,  which  I  place  iu  comparison  with 
the  theoretical  numbers : — 

Theory.  Kxpt. 

16  eqa.  Carbon  96     20*68  20'30 

10  ...  Hydrogen   10      2*15  2-S2 

4  ...  Nitrogen  56  12*11 

4       Oxygen   32  6*89 

2  ...  Chlorine  70  15*08 

2  ...  Mercury   200     43-09  42*91 

464  100*00 

Caffein  and  Terchloridc  of  Gold. 

This  compound  is  formed  when  a  soluuoii  of  tcrchloride  of 
gold  is  added  in  excess  to  caffein  dissolved  in  dilute  hydro- 
chloric acid.  If  concentrated  solutions  are  employed,  the 
whole  immediately  solidifies  into  a  mass  of  a  most  splendid 
lemcm-yellow  colours  tins  i«  to  be  waahed  wiUi  cold  irater 

*  liebig's  AnHoktt,  xlvii.  37, 
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and  crysUllixed  from  aloobolj  and  finally  dried  in  tha 

bath. 

The  cffvgtalB  from  an  alcoholic  solution  ava  in  the  form  aC 

long  needles,  of  an  orange-yellow  colour  and  a  very  bitt^ 
metallic  taste;  they  arc  soluble  in  alcohol  and  water.  When 
boiled  in  water  for  a  .sliort  time,  the  salt  is  decomposedj  a 
yellow  tlocculent  matter  precipitatin??,  which  is  insoluble  in 
alcohol,  ether  and  water,  but  soluble  in  hydrochloric  acid. 
If  au  a([ucous  solution  is  kept  on  the  &and-bath  for  some 
hours  at  a  temperature  of  about  6b  C.  it  i&  aUo  deoompgat  J| 
and  metallic  gold  aeparatea  in  ahining  scalea* 
.  It  ia  not  altmd  when  exposed  to  iij|htt  and  when  diy  mi^ 
he  heated  to  l(Xf  0.  without  nndeiigomg  deoonmoaitiott. 
^»a^|^Matf— When  burnt  with  ehromate  of  laBa<^ 

I.  0*8530  grni.  of  Bttbstanoe  g»Te  O*0SS5  gnn«  of  carfaonio 

acid  and  0*1622  grm,  of  water* 

II.  Q'^224t  gnn,  of  auhatanoe  gave  0*1197 grm*  of  metaUio 

gold. 

III.  0*301 9  grm.  of  substance  gave  01115  gim  of  metallic 
goldj  which  give  the  following  per-oentages 

r.  If.  111. 

Carbon  .  .  17*72 
Hydrogen    .  3*11 

Gold  .    .    .  37*19  36*93 

corresponding  to  the  formula  C|qH|qN.04HC1Au  Clg,  as 
mav  be  seen  by  the  following  table,  where  the  ealcolated 
and  qnantitiea  found  are  phu^  in  eompariaoii » 

Theory.  Found. 

16  eqs.  Carbon    .    96*00  17'98  17*72 

11  ...  Hydrogen    It  OO  2*0d  2*11 

4  ...  Nitrogen  .    56  00  10*50 

4  ...  Oxygen   .    32*00  6*01 

4  ...  Chlorine  .  142*00  26*60 

1       Gold  .    .  196*66  86*85  37*03 

533*66  100-00 

The  cadeiu  compounds  which  I  have  analysed  are  there- 
fore— 

Caffem  C„;H,„N,0,. 

Platiuiiiu  couipouud       H,,,  N,  (),.  II CI  Pt  CI,. 
Silver  compound    .  C,(;  H        O^,  ArO,  NO^ 
Mercury  compound  C ,g  II  N4  O4, 2  H g  CI). 
Gold  compound .   .  C^^  HtoN4  04HCl,  AuCl,,. 

There  exist  several  other  double  compounds  of  cailein^ 
which  I  have  however  not  sul^ected  to  analysis. 
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Oii  luixinp^  a  hut  alcoliolic  solution  of  caflfcin  with  an  alco- 
holic solution  of  cjauide  of  mercury,  Ijcautiful  needles  uf  a 
double  salt  are  dflpotited  upon  coolings  which  correspond 
mo«t  likely  to  tlio  in«wury  sd|  I  Ytim  jutt  diMribod.  A  8o- 
lotioii  of  cafiein  in  hydrochloric  acid  gives  a  beautiiiil  brawn 
precipitate  with  chloride  of  palladium  $  and  the  Altered  solu- 
tion aeposits  another  compound  in  the  form  of  yellow  sealeSj 
verv  similar  in  appeanmce  to  iodide  of  lead. 

Oafiein  gives  no  preoipitate  with  solutions  of  sulphate  of 
copper,  chloride  of  tin,  acetate  of  lead,  and  nitrate  of  suboxide 
of  mcrcun'.  When  boiled  with  sesquichloride  of  iron,  a  red- 
dish-brown precipitate  subsides  upon  cooling,  which  i«  pcr» 
f^ctly  soluble  in  water,  and  is  most  likely  a  double  compound 
of  caffein  and  sesquichloride  of  iron. 


XXIII.  Note  in  ref  erence  to  the  extension  of  Euler's  Theorem* 
^  J,  R«  YoUNC)  Prq/'essor  o/ Mathematics  in  Bd^oU  College* 

7b  Bkkard  Tm^toTi  Btq. 

Dear  Sir, 

IN  the  Philosophical  Ma/^azine  for  June  last  a  communica- 
tiuri  <.)t  iniiir  was  published  resprrting  nn  <»xtension  of  a 
certain  lh»joi  < m  uf  Euler  concerniu'*  the  products  of  ibt:  sums 
of  squares.  At  the  lime  that  notice  was  written,  1  was  under 
the  impression  liiat  the  theorem  ndndtted  oi  an  extent  of  ge- 
neralization wliich  a  further  inve»ii*/aiion  of  the  matter  proves 
to  me  has  not  place.  I  am  now  prepared  to  show  that  the 
propoaition  does  nol  hold  beyond  the  case  Ibr  eight  squares^ 
tha  fiMrmulis  for  which  I  hftve  alMdy  printed  in  the  Proceed* 
ioffs  of  the  Rojal  Irish  Academy ;  in  tho  Tvansaotions  of 
which  body  it  probable  that  the  entire  investigation  of  the 
theorem  for  eight  atpiares,  and  the  proof  that  it&aa  not  apply 
beyond  that  number,  will  hereafter  appear. 

It  may  perhaps  be  interesting  to  algebraists  to  find  the  real 
limits  to  this  theorem  demon  triiblv  established  ;  and  thus  to 
know — ill  any  atf  impis  tliat  may  hereafter  be  made  to  extend 
Sir  W.  R.  li  uuil'oirs  renuirkable  niul  very  fertile  theory  of 
quaternions — beyond  what  boundaries  such  attempts  must 
prove  fruitless. 

1  remain,  dear  Sir, 

Very  faithfully  yonr^ 
BeUsit.  1847.  J.  R.  YovKO. 
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X  X I V.  On  Me  Precipitate  produced  inSpring  and  River  WaUn 
by  Acetate  of  Lead,  By  A.  Connell,  E&q»^  Prt^txtat  cf 
Chemistry  in  ike  Vnivenihf  of  St*  Andrews*. 

^I^HE  white  precipitate  which  it  is  well  known  is  usaaUv 
•i-  produced  in  spring  and  river  waters  by  acetate  of  lead^ 
has  been  commonly  attributed  to  the  presence  of  sulphates^ 
chlorides  and  carbonates.  The  comparatively  trifling  action 
of  silver  salts,  however,  shows  that  it  is  very  rarely^  unless  in 
the  case  of  what  are  called  mineral  waters,  due  to  chlorides ; 
and  the  ready  solubility  of  the  precipitate  in  acetic  acid  in 
whole  or  in  great  part,  proves  that  it  is  not  due  to  sulphates 
or  phosphates,  except  in  so  far  as  it  may  be  insoluble  in  acetic 
acid.  Carbonntes  tlierefore  remain  as  the  probable  cause; 
and  this  is  esiablislieci  hy  the  circumstance,  that  although 
effervescence  cannot  be  noticed  on  the  imnietliale  addition  of 
acetic  acid,  effervescence  will  be  observed  if  tlic  precipiuite  is 
allowed  to  subside,  and  the  greater  part  of  the  solution  de- 
canted* and  an  acid  then  added.  1  nave  found  on  investigap 
tion  that  carbonate  of  lime  is  the  usual  source  of  the  reaction. 
The  remarkable  fiict  however  on  this  view  istthat  the  reaction 
is  scarcely  diminished  by  boiling  and  filtering  the  water;  and 
indeed  in  some  instances  does  not  take  place  unless  these  steps 
are  had  recourse  tO|  and  acetic  acid  still  dissolves  the  whole 
or  great  part.  If  the  waters  referred  to  are  boiled  antl  filtered 
and  then  largely  concentrated  by  evaporation,  they  usually 
deposit  carbonate  oi'lime,  and  do  not  indicate  any  such  alka- 
line reaction  as  shows  ai\  alkaline  carbonate.  TJie  carbonate 
of  lime  causing  the  reaction  is  therelbro  evidently  held  dis- 
solved in  the  water  independently  of  the  presence  ut  liee 
carbonic  acid ;  aud  I  do  not  think  that  chemists,  general Iv 
speaking)  are  aware  that  common  water  may  still  retain  enough 
of  carbonate  of  lime  to  give,  with  acetate  of  lead*  a  consider- 
able precipitate  of  carbonate  of  lead,  although  they  may  have 
been  boiled  and  filfc  red.  If  in  any  such  case  the  precipitate 
should  be  found  to  dissolve  in  acetic  acid  truly  without  effer- 
vescence, the  probable  cause  would  be  the  presence  of  a  suffi- 
cient <|uantity  of  sonif  orirunic  matter,  such  as  crenic  or  apo- 
crcnic  acitl.  which  precijiitates  lead  s:ilts;  for  it  is  not  the  least 
likely  lliat  duorine,  whicli  has  been  found  in  some  s})ring 
waters,  should  ever  be  present  in  suflicient  quantity  to  affect 
lead  salts,  aiul  lluui  lde  ui  lead  would  very  likely  not  be  so- 
luble in  acetic  acid. 
The  question  then  arises,  whence  proceeds  this  carbonate 

•  Communicated  by  the  Author. 
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of  lime.  To  know  whether  it  ftriaes  from  the  water  redis- 
solving  carbonate  of  lime,  which  had  been  held  disiolved  by 
carbonic  add  and  then  precipitated  by  boilin|^  I  transmitted 
a  carrent  of  carbonic  aad  through  lima  water  till  it  completely 
redissolved  the  precipitate  which  had  at  first  formed.  I  then 
boiled  the  soiation  for  a  short  time,  as  in  experimenting 
with  the  spring  waters,  and  filtered  the  Itqoid ;  but  although 
it  was  slightly  precipitated  by  acetate  of  ]ead>  the  efiect  was 
very  mucTi  less  than  that  on  common  water ;  showing  that  we 
cannot  account  for  the  eflfcct  on  common  water  In*  supposing 
that  all  tlie  cnrbonic  acid  had  not  been  driven  oii  bv  the  ebui- 
lilion.  Again,  wlien  distilled  water  was  ltd  in  contact  with 
marble  in  impalpable  )X)wder  for  several  days,  both  acetate  of 
lead  and  oxalate  of  ammonia  shuvied  leas  lime  than  in  the 
common  waters,  although  rather  more  than  in  the  lime-water 
experiment.  I  incline  therefore  to  think  that  tlic  carbonate 
of  lime. owes  Its  ot  igin  to  double  decomposition  between  an 
alkaline  carbonate  and  a  lime  salt>  such  as  a  chloride.  If  to 
a  few  ounces  of  distilled  water  a  drop  or  two  of  muriate  of 
lime  and  a  drop  or  two  of  carbonate  of  soda  be  added»  the 
liquid  remains  quite  transparent;  and  the  reaction  of  common 
water  with  acetate  of  lead  and  acetic  acid  may  t)e  exactly  imi- 
tated with  this  liquid.  And  in  all  the  common  waters  yielding 
the  reaction,  I  could  detect  alkalies  in  union  with  acids. 

The  common  water  of  the  town  of  St.  Andrews,  I  found, 
after  bemg  boiled  and  filtered,  to  yield  by  evaporation  1-^ 
ol  carbonate  of  lime ;  and  other  well  and  river  waters  may 
contain  still  more.  Fresenius  has  staled  that  water  is  capable 
of  holding  in  solution  xo"ffUT  carbonate  of  lime,  after  bemg 
saturated  wiili  ihat  salt  by  long-continued  boiling,  and  lelt 
in  contact  for  four  weeks  witli  the  deposit  formed  on  cooling. 
Nature  of  course  does  not  take  such  pains  to  charge  spring 
waters  with  lime :  and  I  think  the  method  I  hate  suggested 
aflbrds  a  much  more  simple  and  probable  means  of  electing 
this  end* 

The  St.  Andrews'  water  also  contains  a  trace  of  carbonate 
of  magnesia  after  being  boiled  and  filtered ;  and  it  is  probable 
Ihat  this  substance  may  sometimes  be  in  part  the  cause  of  the 
reaction  referred  to^  but  to  a  much  less  extent*. 

*  1  have  given  fuller  details  on  this  subject  in  a  paper  inserted  in  the 
Transactions  of  the  Kojal  Society  of  Edinburgh  for  toe  pment  jrear. 
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XXV.  On  the  Action  qfa  mixtme  of  Red  Prussiate  of  Potash 
md  OmHie  AlkaH  tf/Km  Coiawrliitg  MaUm*  By  Jom» 

A  BOUT  ten  years  since  I  discovLi  t  d  and  used  extensively 
in  calico-|ii'iiitii)g  the  oxidizing  properties  of  a  mixture 
of  red  pruwiate  of  potash  and  causUc  alkali.  For  many 
yean  I  nave  been  in  the  habit  of  communicating  to  my  frieaoa 
■everal  applications  of  this  interesting  reactionj  among  whom 
I  may  mention  Mr.  Crum  of  Glasgow  and  Dt*  Lyon  Playfair. 
Since  then  Boudaultf  has  directed  attention  to  the  oxiduzing 
power  of  the  same  mixture^  as  far  as  relates  to  metallic  oxides, 
but  has  not  shown  any  important  practical  application  of  the 
knowledge  thus  acquired. 

There  are  but  few  processes  known  in  the  arts  for  bleach- 
in|i  indigo,  the  priiicl(">al  of  tiicsc  boin;z:  th;it  in  which  chromic 
acid  lib(>nitcd  from  the  bichromate  of  [)otash  by  means  of  an 
acid  is  used.  In  certain  cases  this  ])roccss  is  attentlcd  with 
various  disadvantages,  and  the  cloth  requiresi  to  be  ijuljjcclcd  to 
a  clcariiif^  process  to  remove  the  oxide  of  chromium.  The 
topical  application  of  a  mixture  of  red  pruiiaiate  of  potash  and 
an  aikafi  at  once  effects  the  same  purpose^  and  in  a  most  com- 
plete manner^  leaving  a  brilliant  white  on  the  spot  where  the 
cidour  is  discharged  without  rendering  any  ujury  to  the 
fabric.  The  manner  of  applying  this  mschaige  may  be  ar- 
ranged to  suit  the  conditions  of  the  calico-printer.  As  a  dasa 
experiment  for  a  lecture-table  it  is  con\  euient  to  impregnate 
the  indigo-blue  calico  with  <i  solution  of  prussiate  or  potash^ 
and  then  dip  it  into  a  weak  solution  of  alkali. 

This  action  is  a  beautifid  illustration  of  those  double  affi- 
nities whii  h  we  frequently  i^v.d  at  play  in  combinations  or 
decomjiositions.  Thus,  though  neither  chloriue  nor  charcoal 
can  decompose  alumina  per  sc.  the  same  c^a??  passed  over  a 
mixture  of  alumina  and  charcoal  combines  with  tlie  metallic 
radical;  the  charcoal  in  this  case  having  aided  the  combina- 
tion by  withdrawing  the  oxygen.  It  is  the  same  kind  of 
action  In*  the  case  under  consideration.  Red  prussiate  of 
p0tash,  Fe^  Cy^i  J  K,  difflsm  ftom  the  yellow  prussiate,  Fc, 
Cy^  4K,  by  containing  one  atom  less  potassium.  When  pot* 
ash  is  presented  to  the  former,  this  deficient  atom  of  polaa* 
sium  is  supplied,  but  the  affinity  is  not  strong  enough  to 
liberate  the  oxygen.  When  however  a  second  body  having 
an  attraction  for  oxygen,  such  as  litharge  or  indigo,  is  pre- 
sented to  the  pota^  and  red  prussiate,  this  second  affinity 

*  CrDinniuQicated  hj  the  Chemical  Society:  harine  been  read  Feb.  1, 

1847. 
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anliog  in  a  different  direction  withdrawa  the  oxvgcn  and 
aUowa  the  potaaainm  to  nnite  with  the  compound  radtcal  ier^ 
inevanogen ;  thm  Fe^  Cy^  3K  -f  KO  +  PbO  s  Fe,  Cj^  4K 
+Pb09»  the  decomposition  being  of  the  same  kind  when  an 
organic  matter  ii  eubstituted  ihr  the  oxide  capable  of  further 
oxidation.  Soda  and  ammonia  may  be  substituted  fifr  potaah 
in  the  above  decompoeition,  producing  the  oxidation  or  die- 
charging  the  indigo.  This  is  curious  in  the  case  of  ammonia, 
for  it  rrinnot  explained  by  any  other  than  by  the  ammo- 
iiiiiiu  theoiy,  nnd  sho  ws  the  mmplete  analogy  between  the 
oxidr  ot' ainiiioiutim  riiul  ilir  oxide  of  the  simple  metallic  ra- 
dicals, pouifihiuia  uiul  t>udiuni.  It  is  interesting  also  to  ob- 
serve that  the  last  member  in  the  formula  Fcj  Cvn  4R,  may 
be  substituted  by  any  alkaline  base.  Thus,  that  it  inav  either 
be  Fcj  Cyg 3K  K,  or  Fe^  Cy^.  3K  Xa,or  Fe,  Cy^  Nil.,.  Tliis 
circumstance  points  to  imjiortaut  theoretical  cousideratiuus 
in  the  atomic  constitution  of  the  prussiates,  which  would  be 
foreign  to  the  preeent  paper,  the  principal  objeet  of  which  ia 
to  fimdah  a  meana  or  oiflchargin?  indigo,  and  thus  sup 
a  pMoeis  much  wanted  in  the  art  of  calico-printing,  and  wl 
I  aa?e  followed  for  many  yean  with  euoceae. 

XXVI.  On  the  Frq>ara(im     Hippuric  AckL 
By  William  Qbbooby,  M,D,^ 

SINCE  the  discovery  of  hippuric  acid  by  Ltebig,  that  ho6y 
has  at  all  times  attracted  much  attention.  Its  compoeition 

and  the  products  of  its  decomposition,  among  which  were  ben- 
zoic acid  and  benzamide,  rendered  it  interesting,  and  various 
ingenious  \'jews  Mere  entertained  of  iiR  eon??titTition.  Its 
detcrtioa  in  human  urine  by  Liebig  gave  it  additional  im- 
pgrtanee. 

The  beautiful  discovery  of  Dcssaigne«*,  (hat  hippuric  acid, 
when  heated  with  strontr  acids,  is  resoUed  into  benxoic  acid 
and  glycocoll,  has  greaily  incrensed  the  interest  ab^ady  at- 
tached to  hi})puric  acid,  which  now  affords  the  best  means  oi 
obtaiiiiiig  glycocoll,  uikI  \v.\»  enabled  Ilorsford,  in  his  elabo- 
rate researches  on  that  substance^  to  fix  its  formula  ia  a  very 
satisfactory  manner* 

If  to  hvdimted  hippuric  add  .  N  Og, 
we  add  1  equiv,  water   •  .   .  H  O  , 

and  from  the  sum  C,8  N  H ,o  O7, 

suhtract  1  equiv.  i^ycocoU  .  .   C4  N  H4  O3, 

there  rem^n  O4, 

whidi  Is  hydrated  benzoic  acid. 

*  CbmmaDicated  bgrthe  Chemical  Society  j  having  been  read  March  15, 
1847* 
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There  can  not,  I  think,  be  any  longer  a  doubt  that  N  H4  O3 
is  the  true  formula  of  glyeoooll,  and  Horsford  has,  in  esta- 
blishinn:  this  point,  at  the  same  time  confirmed  and  explained 
in  the  most  satisfactory  manner  the  observation  of  Dessaignes. 

The  researches  of  Forsford,  however,  have  also  demon- 
strated tlint  rrlycocoll  is  in  itself  one  of  the  most  interesting 
compoiintU  known  to  chemists,  and  it  is  evident  that  the  fur- 
ther study  of  this  most  singular  body  will  lead  to  very  va- 
luable results, 

I  luivc  already  stilted  timt  glycocoll  is  best  obt;iiiied  from 
hippuric  acid,  but  as  soon  as  1  began  to  prepare  lur  this  pur- 
pose a  considerable  quantity  of  hippuric  add,  I  found,  as  all 
who  have  done  80  must  ba^e  fiyimo,  I3ut  the  operation  aa  pre- 
scribed in  books  is  not  only  tedious  and  tronUesomey  but  un- 
certain. 

The  usual  process  consiBts  in  evaporating  thcf  urine  of  the 
horse  or  cow  at  a  moderate  temperature  to  about  one-eiriith 
of  its  bulk)  and  adding  hydxochloric  acid,  when  on  standiog 
a  few  hours,  crystals  of  impure  hippuric  acid  are  deposite£ 
But  it  is  w  ell-known  that  if  the  temperatiu^  should  rise  too 
high,  although  still  to  a  point  short  of  boiling,  the  hippuric 
acid  will  |)artially  or  totally  disappear,  and  benzoic  nriff  will 
1)e  found  in  its  plncc.  Now  when  we  bear  in  mind  that  the 
urine  contains  but  little  hippuric  acid,  it  is  evident  tli:it  to 
obtain  this  .acid  in  cjuantity  we  must  operate  with  a  very  large 
bulk  of  urine,  and  those  who  have  done  so  well  know  how 
tedious  tlie  evai)oration  is,  since  it  we  attempt  to  hasten  it 
by  raising  the  temperature,  we  run  the  risk  of  losing  the 
whole ;  and  this  indeed  frequently  happens. 

The  impure,  highiy-colourcd  acid  first  obtained  has  been 
purified  by  diiSerent  chemists  in  a  great  variety  of  ways. 
Some  have  used  chloride  of  lime ;  but  this  method  is  not 
easOy  managed,  and  often  converts  liie  whole  into  bensoic  acid. 

The  last  and  br  fiur  the  best  method  of  purification  is  that 
of  Schwarsy  who  boils  the  isipure  add  with  an  excess  of  milk 
of  luncy  and  strains  the  aikaune  liquid  from  the  imdissolved 
lime.  It  pssses  rapidly  and  deartluough  calico,  and  the  lime 
retains  the  colouring  matter,  so  that  the  addition  of  acid  to 
the  filtered  liquid  causes  the  deposition  of  crystals  of  hippuric 
acid  nearly  white*  Schwarz  recommends  the  addition  of 
chloride  of  calcium  to  the  filtered  or  unfiltered  liquid,  and  the 
precipitation  of  the  lime  as  carbonate  by  carbonate  of  potash 
or  soda,  when  the  precipitated  carbonate  of  limo  carrier  with 
it  the  last  traces  of  colmu'inL:  matter.  I  Ikul-  not  found  this 
necessary,  as  a  repctititni  ot  tin  process  with  the  ^^^^  of  lime 
never  fads  to  yield  colourless  crystals^ 


Digitized  by  Gc 


Ab  it  waa  d&as  that  the  hippuric  add  was  not  in  the  slight- 
eti  degree  deoompoeed  hj  Doiling  with  exceae  of  Hme,  al- 
though ao  easily  metmioipluMed  adds,  I  thon^t  that  by 
applying  the  same  principle  to  the  mine  directly^  1  might  be 
enabled  to  hoU  ii  doum,  and  thus  sfaoidbn  the  process,  and  at 
the  same  tune  prevent  the  decompoaition  of  the  hippuric  acid, 
since  it  would  appear  that  hippurate  of  lime  is  not  a£fected 
by  boiling,  nor  by  excess  of  lime. 

Accordingly,  I  took  some  urine  of  the  horse,  mixed  it  with 
excesib  uf  milk  of  lime  and  boiled  for  a  few  minutes.  I  then 
strained  the  solution,  which  was  very  materially  decolorized, 
and  boiled  the  clear  liquid  as  rapidly  as  possible  clown  to  the 
rc^uibile  buUc.  Oil  adding  iiydrochluiic  acid  I  obtained  a 
cooious  deposit  of  crystals,  which  when  pressed  had  a  slight 
reel  colour.  I  then  treated  them  by  Schwarz's  method  and 
obtained  an  abundant  crop  of  almost  colouriess  crystals, 
which  consisted  entirely  of  uie  needles  of  hippuric  acid,  with- 
out a  visible  trace  of  benaoieadd,  the  ciystauization  of  wludi 
is  easify  recognized.  A  second  treatment  with  milk  of  Um^ 
which  was  hardly  needed,  and  probably  would  have  been 
quite  unnecessary  had  a  greater  excess  of  lime  been  used  in 
the  previous  one,  yielded  snow-white  orystals  of  the  utmost 
beauty  and  purity. 

The  improvement  which  I  have  thus  introduced  in  the 
preparation  of  lii[)])unc  acid  may  seem  trifling,  and  i.^  indeed 
only  the  applicatiun  of  Schwarz's  method  to  the  urine,  in- 
stead of  to  the  crude  acid  ;  but  any  one  w  ho  tries  to  prepare 
some  ounces^  not  to  say  pounds,  of  hippuric  acid,  will  soon 
find  that  the  diflfisrenoe  is  practiodly  important.  By  my  me- 
thod it  is  possible  to  extract  in  one  day  the  hippuric  add 
«  fiom  as  much  urine  as  would  require  a  week  to  operate  upon 
on  the  usual  plan,  so  that  the  quantity  of  hippuric  acid  which 
we  can  thus  obtain  is  only  limited,  as  it  were^  by  the  quan- 
tity of  urine  to  be  procured.  The  tedious  evaporation  at  low 
temperatures  is  got  rid  of^  and  we  are  sure  of  obtaining  the 
whole  hippuric  acid  orin;ina1!y  present;  whereas,  on  the  for- 
mer plan,  however  carefully  the  c\'aporation  is  conducted, 
and  it  requires  constant  superintendence,  it  almost  always 
happens  that  some  of  the  hippuric  acid  is  decomposed ;  while 
a  very  slight  accidental  rise  of  temperature  may  destroy  the 
whole  of  it,  as  1  have  olteu  seen. 

On  the  whole,  I  am  satisfied  that  all  who  wish  to  study 
hippuric  add  and  glycoooU  will  find  on  trial  that  what  was 
fixraierly  a  disagreeable  and  troublesome  operation  is  now  a 
yery  easy  and  short  one;  and  that  they  may  now  easily  ob- 
tain these  remarkable  compounds  in  any  desired  quantity. 
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Not.  the  Struetore  of  the  Srllogiflm,  and  imtbitmBmttiam 

1846.  "  of  the  Theory  of  Probabflities  to  Questioiia  of  AigiBBcat 

and  Authority*.    By  Professor  De  Morgan. 

The  object  of  this  paper  is  twofold  :  first,  to  establish  two  distinct 
theories  of  tiie  syHop^ism,  both  differino"  materially  from  that  of  Ari- 
stotle, and  each  furnishing  a  general  canon  ior  the  detectiou  of  all  its 
legitimate  fimii  of  Inftreneet  aeoondly.  to  investigate  tlie  node  m 
which  the  diatbothre  efaaiacter  of  the  two  great  aoiiieeB  of 
tioii,  argument  and  (mikorUy,  afifects  the  application  uf  the  notka  of 
probability  to  questions  not  admitting  of  absolute  demonstration.  i 

The  two  theories  of  the  syllogism  arise  out  of  simjde  notions-  con-  j 
nected  with  the/b/v/is  of  propositions  wmXiXxQw  quantities .    The  dif- 


bttt  depends  on  the  manner  in  which  objects  of  thought  are  described 
hj  language.  If  Y  and  y  be  names  so  connected  that  each  oontains 
everything  which  is  not  in  the  other,  and  the  two  have  notiblBg  in 
common  (a  relation  which  is  described  by  calling  them  eonlMry 

*  Upon  this  paper  a  controversy  has  arisen,  which,  up  to  the  present 
time,  may  be  sumiiKid  up  as  follows : — April 30.  Mr.  De  Morjran  published 
n  stateineiU  in  answer  to  an  assertion  ot  Sir  W  TT;"ini!ton  of  E<linbun;h,  to 
the  effect  that  the  second,  or  quantitative,  system  of  8yJiogt«m,  was  a  wilful 
nlagiarwm  from  certain  iettert  which  Sir  W.  Hamilton  hM  written  to  Ifr* 
be  Morgan.  Mat/  22.  Sir  W.  Hamilton  replied  at  length  in  another 
pamphlet,  retracting  the  assertion  of  wiffuf.  plagiarism,  but  maintaining  that 
the  system  was  taken,  uDcoiisciuusly,  from  those  letters.  This  was  followed 
by  a  letter  from  Mr.  Oe  Morgan  in  the  Athenwim  of  May  S9,  and  oaeiher 
jfram  Sir  W.  Hamilton  in  the  same  pub)icati<m  for  June  6.  The  nolal  ill 
issue  now  seems  to  be  as  follows  : — Mr.  De  Morgan  chanciir^c"^  SirW.  H» 
milton  to  show  anything  in  bis  second  system  which  was  not  substantially 
contahied  in  a  digressive  lection  of  the  description  of  hh  fint  iTttem,  ad- 
mitted to  have  bi^n  sent  to  Cambrid^  before  any  communication  had 
taken  place.  SirW.  Hamilton,  in  reply,  contcnff>  thnt  the  digression  above- 
mentioned  contains  nothing  to  the  purpose.  Mr.  De  Moi^an  defers  further 
reply  until  he  publishes  a  work  which  he  states  himself  to  he  preparing  on 
logic. 

In  rho  AthcnfTimi  nf  .Tunc  19,  nppcnvcd  a  letter  from  Mr.  James  Brotin, 
as*,crting  certain  mistakes  on  tlie  part  both  of  Sir  W.  Hamilton  and  Mr. 
De  Morgan,  and  giving  certain  extensions  to  the  quantitative  forms  of  the 
latter.  Again,  June  26,  appeared  in  the  same  publication  a  letter  from 
Mr.  De  Morgan,  dated  June  10,  stating  that  he  also  ha  I  arrived  at  Mr. 
Broun*s  forms,  giving  reasons  for  their  rejection  in  favnnr  ot  certain  simpler 
forms,  giving  the  heads  of  an  extended  system  of  quantitative  syliogism^ 
and  Mserting  that  he  had  malsriully  extended  both  his  systems.  8o  the 
matter  stands.  The  subject  of  the  structure  of  the  syllogltoi  Mens  to  be 
likely  to  excite  some  attention  ;  and,  without  pronouncing  any  opinion  on 
the  personal  claims  or  conflicts  of  the  several  parties,  we  recommend  the 
attentioii  of  our  readeis  to  this  nHher  MBlectea  bfmdi  of  pure  idaiea^ 
Bo*  PmL  Mao* 


assertion  is  not  essential. 
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vrnmi),  die  proponlioii» 'Bverr  Xii  Y' nid  'noXia  annm- 
1^7  idcaitical.  lii  the  iave  manner,  the  partloular  and  luuyersal 
proposition  are  only  accidentally  distiBct,    If  in  '  some  Xs  are  Ys ' 

the  Xs  there  pperificd  had  had  a  name  belongmiT  to  them  only,  say 
Z,  then  the  preceding  propoiitjon  would  have  been  identical  in  me&ii- 
ing  with  *  every  Z  is  Y.* 

Fttm  the  above  it  is  made  to  follow,  that  every  legitimate  tjlio^ 
giam  can  be  redaoed  to  one  of  univenal  affinaative  pnmiiea,  either 
hf  introduction  of  cimtmrf  lecme,  or  inTentioo  of  rabgeneric  nam^. 
In  considering  the  nature  of  the  simple  propoaition>  Mr*  De  Mor* 
gan  ueee  a  notation  proposed  by  himself.  Thus — 
J^very  X 15  r  is  denoted  by  X)Y  A 
No  X  fv-  r  . ,    X.  Y  E 

Some  Xs  arc  Ys  . .        .       XY  I 
8am  Xt  are  tua  Yt  XtY  O 

and  nanee  wUeh  ere  oontraries  are  denoted  by  large  and  email  let* 
tare.  Aflefeotlehatnigezdnded  the  eontrery  of  anamefromlbm 
logtet  and  having  thereby  reduced  the  forms  of  propodtion  to  four, 
these  forms  (unwersal  affirmative,  universal  ueyaiivc,  particular  offir- 
maffrr,  particular  negntivp)  the  writers  on  logic  in  the  middle  ages 
rei)icsuiited  by  the  letters  A,  E,  I,  O.  Thus  X)Y  and  Y)X  are 
equally  represented  by  A.  When  contraricii  are  expressly  intro- 
duced, all  the  forms  of  aeaertion  or  denial  whldi  een  ooudn  between 
twn  tanaa  and  their  oonfenries,  are  Hgki  In  number;  and  the  nmet 
convenient  mode  of  representing  them  is  as  follows  :-^Let  the  letters 
A,  E,  I,  O  hr\vf»  the  above  meaning-,  Init  only  when  the  order  of  sub- 
ject and  predicate  is  XY.  Then  let  a,  e,  i,  o  stand  for  the  same 
^positions,  after  *  and  y,  the  contraries,  are  written  for  X  and  Y. 
llie  complete  system  then  is«— 

AbX)Y  «M)y«Y)X 
0=X:Y  e»«:ysY:X 
E=X.Y  e=4P.y 
I=XY  i=xfj 
and  every  form  in  which  subject  and  predicate  are  in  any  manner 
chosen  out  of  the  four  X,  Y,  x,  y,  so  that  one  shall  be  either  X  or  x, 
and  the  ether  either  Y  or  y.  Is  reducible  to  one  or  otiier  of  the  pre- 
eeding. 

11»  propositions  e  and  t,  which  are  tiras  newly  introdnced,  are 
only  expressible  as  follows,  with  reference  to  X  and  Y. 

(».)  There  are  things  which  are  neither  X  nor  Y. 

(e.)  There  is  nothmtf  but  is  either  X  or  Y  or  both. 

The  connexion  of  these  eight  forms  is  fully  considered,  and  the 
variofu  syllogisms  to  which  they  lead.  Rdectine  every  form  of  syl- 
logism In  which  aa  atroo^  a  conclnaion  can  oe  de&ced  from  a  weaker 
premiee ;  rejecting,  for  instance, 

Y)X+Y)Z=;XZ 

because  XZ  equally  foUm  fnm  Y)X  +  YZ,  in,  which  YZ  k  wmUm 
than  Y)Z-^  the  lorma  of  inlMaBce  are  redaaad  to  thvee  eela. 
1.  A  eat  <ftwn»  called  ^wyjirbeeawae  the  Brtciehapy 
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of  tho  oondiuioii  does  not  alter  iJie  aylloguBu  Neither  of  tteee 
fonne  tie  in  the  AiiitoteUan  Ibt.  One  of  uem  ia 

or  if  exwry  X  ftr  a  Y,  and  uUo  eveiy  Z,  t^n  there  are  tkmga  which  wrt 
neither  X  uur  Z  ;  namely,  all  which  are  not  Ys. 

3.  A  eet  of  aiz,  in  which  Hie  interehange  prodoeea  really  fMnak 
syllogiama  of  the  aame  form,  and  in  whidi  hoUi  premiaea  and  eon* 
daaicm  can  be  expressed  in  terms  of  three  names,  without  the  Tfl 
trary  of  either.  This  set  includes  the  whole  Aristotelian  list,  except 
those  in  which  a  weaker  premise  will  give  as  strong  a  conclusion,  or 
the  one  in  which  the  same  premises  will  give  a  stronger  conclusion. 

3.  A  set  of  six  resembling  the  last  in  everything  but  this,  that  do 
one  of  them  is  expresaiUe  without  the  new  fonna  e  and  1;  that  ia^ 
requiring  three  names  and  the  contraries  of  one  or  more  of  them. 

Xhoee  of  the  third  set  are  not  reducible  to  Aristotelian  syllogisaiB, 
as  lon^  as  tlie  eight  standard  forms  of  assertion  are  adhered  to. 

The  second  theory  of  tiie  syllogism  has  its  principles  laid  down  in 
the  memoir  before  us ;  but  those  principles  are  only  applied  to  the 
evolution  of  the  eaaea  which  are  not  admitted  into  the  Aristotelian 
ayatem.  The  formal  statement  of  the  manner  in  which  tiie  ordinary 
cases  of  syllogism  are  connected  with  those  peculiar  to  thia  aeeond 
lystem  is  contained  in  an  Addition. 
^  In  providing  that  premises  shall  certainly  furnish  a  conclusion, 

the  common  system  requires  that  one  at  least  of  the  piLiiii-o^  shall 
Bueak  universally  of  the  middle  term ;  that  is,  shall  make  its  asser- 
tun  or  denial  of  enery  object  of  thought  which  ia  named  hy  the  middle 
term.  Mr.  De  Moigan  points  ont  timt  this  is  not  neoeasaiy :  ai 
being  the  fraction  of  all  the  cases  of  the  middle  term  mentioned  in  one 
premise,  and  n  in  the  other,  idl  that  is  necessary  is  that  m  -|-  n  should 
be  greater  than  unity*  In  such  case,  the  real  middle  term,  being 
the  collection  of  all  the  cai;es  by  comparisoii  of  which  with  other 
things  inference  arises,  is  the  fraction  im  +  m  —  1  of  all  the  possiUe 

caaea  of  the  middle  term.  Thna,  from  the  premiaea  'nmat  Ya  aie 
Xa'  and ' moat  Ys  are  Zs/  it  can  be  inferred  that  some  Xa  are  Za. 

since  m  and  n  are  both  greater  than  one-half.   The  assignment  of 

definite  quantitj'  to  tlu-  middle  term  in  hoth  premises,'  ^we^  n  canon 
of  inference,  of  which  the  Aristotelian  rule  is  only  a  particular  case. 

In  the  addition  above  alluded  to,  this  same  canon,  namely  '  that 
more  Ys  in  number  than  there  exist  separate  Ys  shall  be  spoken  of 
in  both  premises  together/  is  nwde  to  take  die  following  limn  :^If 
in  an  affirmation  or  negati  on,  in  '  As  are  Ba  *  and  'As  are  not  Bs/ 
definite  numerical  quantit  \  !>  given  to  both  subject  and  predicate,  ii 
it  l?f  stnfrd  how  many  As  are  spoken  of  and  how  many  Bs — the 
number  of  cffvctivc  cases  of  the  middle  term  is  seen  to  be  the  num« 
hex  subjects  in  an  affirmative  proposition,  vvhctlier  the  middle  term 
be  suhgect  or  prtfieate.  Hence,  defining  the  effective  number  of  a 
premiaeto  be  the  number  of  anijectaif  the  proposition  be  affifmatiTe, 
and  the  nna^r  of  cases  of  the  middle  term  if  it  be  negative,  all 
that  ia  neceaaary  for  infofenoe  (ofer  and  above  the  naoal  oooditMm 
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that  both  pvemises  must  not  be  native)  is  Hiat  the  Bum  of  the 

effective  rmm^er?  of  the  tvvt)  premises  shall  exceed  the  number  of 
existing  cases  ot  the  middle  term  ;  and  the  excess  (being  the  fraction 
denoted  by  ia  +  «— 1  in  the  Memoir)  gives  the  number  of  cases  in 
which  inference  can  be  made. 

To  attempt  to  combine  these  two  ayitema  of  form  and  of  quaniUy 
la  rendered  useless  by  language  not  posaesaing  the  fonns  ol  mixed 
assertion  and  denial,  which  the  syllogisms  deduced  from  the  combi- 
nation would  require.  A8  far  as  the  combination  can,  in  Mr.  De 
Morgan's  oj>iaioii,  be  made,  nothing  is  required  but  a  distinct  con- 
ception of,  and  nomenclature  for,  the  usual  modes  of  expressing  a 
logical  form,  and  implying  one  or  the  other  of  the  alternations  which 
the  mere  expreaaon  leaves  unsettled.  Mr.  De  Morgan  pruposea  the 
following  language. 

Two  names  are  identical  when  each  contains  all  that  the  other 
contains  :  but  when  all  the  first  (and  more)  is  contained  in  the  second, 
then  the  first  is  called  a  sub'ulcntical  of  the  second,  and  the  second 
a  superidentical  of  the  first.  Two  names  are  contrary  when  every- 
thing (or  everything  intended  to  he  spoken  of)  la  in  one  or  the  other 
and  nothing  in  botii.  But  when  the  two  namea  have  nothing  in 
common,  and  do  not  between  them  contain  everything,  they  are 
called  subcontraries  of  one  another.  And  again,  if  everything  be  in 
one  or  the  other,  and  some  things  in  both,  they  are  called  suprrcon- 
traries  of  one  another.  Lastly,  if  the  two  names  have  each  some- 
thiz^  in  common  and  something  not  in  common,  and  moreover  do 
not  between  them  contain  eyer^hing,  each  ia  adled  ft  emplete  par- 
'  tkukr  of  the  other.  A  table  la  then  given,  which  containa  eveiT 
form  of  complex  syllogism. 

If  X  and  Z  be  the  terms  of  the  conclusion,  and  both  be  described 
in  terms  of  Y,  the  middle  term  :  it  can  be  seen  from  this  table  what 
can  be  aflirmed  and  what  denied,  of  X  with  respect  to  Z.  For  in> 
BlMice»  if  X  be  supercontraiy  of  Y,  and  Z  aubcontrary,  then  X  must 
be  a  superidentical  of  Z ;  but  if  X  and  Z  be  both  snbidentiealB  of  Y, 
notiiing  can  be  alBrmed ;  only  it  may  be  denied  that  X  ia  either 
contrary  or  supercontmry  of  Z. 

The  remaining  })art  of  this  paper  relates  to  the  aj)plication  of  the 
theory  of  probabilities  above-mentioned.  Mr.  De  Morgan  asserts 
that  no  conclusion  of  a  definite  amount  of  probability  can  be  formed 
from  argument  alone ;  but  that  all  the  resiUta  of  argument  mnat  be 
modified  by  the  testimony  to  the  conclusion  idiieh  exists  in  the  mind, 
whether  derived  from  the  authority  of  others,  or  from  the  previous 
state  of  the  mind  itself.  'Hie  foundation  of  this  assertion  is  the 
circumstance  that  the  insuthciency  of  the  argument  is  no  index  of 
the  falsehood  of  the  conclusion.  Various  cases  are  examined;  but 
it  must  here  be  sufficient  to  cite  one  or  two  results. 

If  |i  be  tiie  probability  which  the  mind  attachea  to  a  certain  con* 
dueioii* « the  probability  that  a  certain  argument  is  %  did,  and  h  the 
probabUity  that  a  certain  argument  for  the  contradiction  ia  valid : 
then  the  probalnlity  of  the  truth  of  the  eondnsion  ia 

(l-*)l»-»-(l-«)(l-.rt" 
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li^mo,  or  if  tbm  be  no  ■igniMnt  agitfiiik,  and  if  tlw  mbad  Im 
vnbiaaied,  or  if  /i  a  A,  thii  becomeB 

For  this  writers  on  logic  generally  substitute  a,  conlounding  tilt 
absolute  truth  uf  tlie  conclusion  with  the  Talidity  of  the  argument, 
and  ncglcctiDg  the  possible  case  <^  tiie  argument  being  imvuid,  and 
yet  the  oonelnanni  true. 

Nov.  23. — On  a  New  Notation  for  e^preseing  variona  Conditioiia 
and  Equations  in  Qeometry,  Mechanics  and  Aatranonqr.  By  tba 
Rev.  M.  O'Brien. 

If  A,  P,  P'  be  any  three  points  in  space,  whether  in  the  sama 
straight  line  or  not,  and  if  the  lines  AP  and  AP'  be  represented  in 
magnitude  and  direction  by  the  tymbola  u  and  ii*,  then,  according  to 
prindplea  now  weU-known  and  universally  admitted,  the  line  PP  m 
represented  in  magnitude  and  direction  by  the  symbol  u'—u.  Now 
if  AP  and  AP'  be  cqnal  in  magnitude,  and  make  an  indefinitely  small 
angle  with  each  other,  PP'  is  an  indehnitely  small  line  at  right  angles 
to  AP,  and  «  becomes  du.  Hence  it  follows,  that,  if  ti  be  the 
symbol  of  a  line  of  mvariable  magnitude,  du  is  the  symbol  of  an  in- 
definitely small  line  at  right  angles  to  it;  and  therefore,  if  X  be  any 
arbitral^  coefficient^  Xdb  is  t^e  general  expression  for  a  right  line 
perpenmcular  to  «. 

The  sign  \d  therefore  indicates  perpendicularity,  when  put  before 
the  symbol  of  a  line  of  invariable  length.  The  object  of  the  author 
is  to  develope  this  idea,  and  tu  show  that  it  not  only  lead::  to  a 
simple  metbod  of  expressmg  perpendicularity,  but  also  fundahes  n 
notation  of  considerable  use  in  expressing  variona  conditiona  and 
equations  in  geometry,  mechanics,  astronomy,  and  other  sciences 
involving  the  consideration  of  direction  and  maymtttih. 

The  author  first  reduces  th  "  «Tgn  \d  to  a  more  convenient  form, 
which  not  only  secures  the  conuition  that  u  is  invariable  in  length, 
but  also  dehnes  the  magnitude  and  direction  of  the  perpendicular 

wbiob  AAi  denotes.  Ima  he  does  in  tiw  fSoUowing  manner.  He 


<where  a  /3  y  represent  thi«e  lines,  each  a  unit  in  lengtli*  drawn  at 

right  angles  to  each  other,  and  x  y  m  are  any  arbitrary  numerical 

coefficient?,)  and  supposes  that  the  difTercntiation  denoted  by  d  affects 
a  /S  y,  but  not  x  y  z.  This  secure.'?  the  condition  that  u  is  invaimbk 
iu  loigth,  and  leads  to  the  following  expression  for  Arfw,  via. 

^  y'  2*  being  arbitrary  coeffieients. 

Assuming  v!=x^a^y' ^-{-zy,  it  appears  from  this  expression  for 
X{fu,  that  Af~0  when  and  therefore  that  denotes  a  differen- 
tial taken  on  the  suppoaition  that    is  constant. 

On  this  account  the  author  substitutes  the  symbol  Du'  in  place  of 
Xd  \  he  then  shows  that  the  operation  D«'  is  distributive  w  'lXh.  respect 
to  a'  (t.  e.  that  l>i^-^^ml>^'i'U^)^  and  to  indicate  this  he  elerates 
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the  subscript  index  a',  mmI  WEttttl  Dm^ji  iutOMl  of  D^.  Thoft  1m 
obtaiuB  the  expression 

Da'.tt= (2y'— z'y)a  ^  fry -j/f)/3  4- (yji'-y'x)7. 

From  this  it  follows  that  Y>u\u  is  a  line  perpendicular  both  to 
and  n,  and  that  the  numerical  magnitude  of  Dm'.m  Is      sin  fl,  where 
r  and  r'  arc  the  numericai  magnitudes  of  «  and  u',  and  d  the  angle 
made  by  u  and  u!. 

Haring  investigated  the  princi|Ml  properties  of  the  operation  IV., 
tiie  autlior,  by  a  tunUar  method,  ootains  another  notatum, 
which  repretents  the  expression  xx* + yy' + 22r',  or  rr'  cos  0.   He  then 
gives  some  instances  of  the  application  of  these  two  notationa  to 
mechEUiics,  which  may  be  briefly  stated  as  follow?  : — 

1st.  If  U,  U',  V,  &c.  be  the  iyrabols*  of  any  forces  acting  upon 
a  rigid  body,  and  u,  u\  u  \  &c.  the  symbols  |  of  tiicu  rcbpcctive  points 

"  "  ided " 


of  appUcatum,  then  the  aiz  eqnationB  of  equDibrium  are  Included  in 
tha  tiro  oquatioiia 

ZUsO  and  XDif.U=0. 

SiuL  That  tfiaae  two  aqvationa  avo  Ifaa  aooeagary  and  aofldant 

eonditions  of  equilibrium,  may  be  proved  ▼eryaunply  from  iiiatpiiii* 
eiplea  by  the  use  of  the  notation  Dw. 

3rd.  The  thoor}-  of  couples  iy  included  in  the  equation  SDtf.UssO. 
In  fact  the  symbol  Dk.U  exprebses,  in  magnitude  and  direction,  the 
axis  of  the  couple  by  which  the  force  U  is  transferred  from  its  point 
of  applicatum  U  to  the  origin. 

4u.  Supposing  that  the  forces  U,  U',  U*',  fto*  do  not  balance  each 
other,  and  putting  2U=V,  2Dtt.U=W,  we  may  show  immediately, 
by  use  of  the  notation  that  the  ooodition  of  there  being  a 
single  resultant  is 

A\'.\V«iO; 

nnd  when  there  is  not  a  single  resultant,  the  aids  of  the  couple  of 

mniimum  moment  is 

AV,W 


.V. 


5th.  Tiie  three  equ  itions  of  motion  of  a  rigid  body  about  its 
C4;utr6  of  gravity  arc  luciuded  in  tiiu  ci^uatiou 

^(lX>u.^hm^^XDm.\Jhmi  (I.) 

a  bcln^  the  83rmbol  of  the  position  of  any  partide  Im  of  the  body, 

and  U  the  symbol  of  the  acceleratini^  force  actin":  on  Jm. 

Gth.  If  uf  XiQ  assumed  to  rc])ref^ent  the  expression  o;,a4-a»j/3+ft'3'yf 
where  Wj,  w,,  are  the  antrular  velocities  of  the  planes  of  yr,  zx, 
xy  about  the  axes  of  x,  y,  z  retipectively,  then  the  symbol  of  the 

*  ^  the  symbol  of  afbTeeismeanttbeaxprawloBX«+Y/34-Zy,  wharo 
%  TZ  are  the  three  components  of  the  force. 

t  By  the  symbol  of  a  point  is  meant  the  aKprenloP  Mm-^^^-^My,  whero 
jr^  X  are  the  coordinates  of  the  point. 
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velocity  of  $in  is  Dw.ti ;  from  whudi  Cd3]0W  iawmiiitily  tiie  IliiM 
well-lmown  eqnalaoiiiy 

The  symbol  oi  represents  in  direction  the  axi««  of  instantaneous 
rotRtion,  nnd  in  ma^itude  the  angular  velocity  about  that  axis. 
7tli.  l  iic  equation  (1.)  may  be  rcdnoed  to  1^  form 

^  {  A»,a+B«i^+Cor,y}ttZD«.UIiii, 

which  includes  Eulcr's  three  equations  of  motion  about  ahxcd  point. 

8th.  If  the  forces  U,  \J',  V\  &c.  arise  from  the  attraction  of  a 
diatant  body,  tlie  aymbol  of  whote  poutbn  is  v',  fhis  eqaatim  nty 
be  farther  redooed  to  Hie  form 

9tb.  In  the  oete  of  the  earth  attncted  by  llie  nm  or  mooii,  tins 
eqaadon  beeomes 

*»^A(A»'.y)(D«'.r); 

C  —  A 

Y  being  the  polar  axis,  and  A=  — — . 

lOlh.  Hm  mw  daily  Hotkn  «f  y  U  given  by  the  eqialiaii 
^»gx(A»'.y)(IV.y); 

which  equuUuii  g^ives  immedititt-iy  iUl  the  wcll-knowa  expressions 
for  aokr  and  luoar  preoesaion  and  autatioo,  for  ^  is  the  symbol  of 

the  velocity  of  the  north  pdle»  vvpnaentiiig  that  velodty  both  hi 

magnitude  and  direction. 

Supplement  to  a  Memoir  on  «opie  cft?es  of  Flnid  Motion.  By  O. 
G.  Stokes,  ^^.A.,  Fellow  of  Peiulntike  CJoUegc,  Cambridge. 

in  a  termer  ^>aper  the  autiior  had  given  the  mathematical  calcula- 
tkm  of  an  instance  of  flatd  niotioni  which  seemed  to  oier  an  aceiiiate 
means  of  comparing  theory  and  observation  in  a  dass  of  motioas^  in 
which,  so  far  as  the  au^or  is  aware,  they  had  not  been  hitherto  com- 
pared.    The  iiigtance  referred  to  is  tlmt  in  which  a  vpfteel  or  box  of 
the  form  of  a  rectangular  parallelepiped  i-  tilled  with  liuid,  closed, 
and  made  to  perfonu  small  oscillations,    it  appears  from  theory  that 
the  ^Seet  of  tiie  inertia  of  the  fluid  is  the  nme  as  that  of  a  solid 
having  the  same  mass,  centra  of  gravity  and  prindpal  axes,  as  the 
solidined  fluid,  but  different  prindpal  moments  of  inertia.   In  this 
sn|>|>lomf  nt  t!ie  nntlior  gave  n  scrii    fur  the  calculaticTi  of  the  prin- 
cipal moments,  winch  is  more  rnpidly  convergent  than  one  which  he 
had  previously  given.    It  is  remarkable  that  these  series,  though 
numeiicaUy  equal,  appear  under  very  different  forms,  the  ath  term  of 


I 
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the  latter  containing  exponcntijils  of  th^  forms  and  s  *  ,  while 
the  nth  term  of  the  former  contains  exponentials  of  the  second  form 
only.  In  conclusion,  the  eiithor  referred  to  some  experiments  which 
he  had  performed  witli  a  box,  such  as  that  described,  hiied  witii 
vater.  employing  the  natluid  of  lufilar  oidllitiomi.  *  Tbe  momttit  of 
mertw  of  tbe  iluid  about  aa  aiis  paniBg  thnnigb  Its  centre  of  gta^ 
vitf  (t.  e.  the  moment  of  inertia  d  the  imaginaiy  solid  which  may 
be  substituted  for  the  fluid),  was  a  little  greater  as  determined  by 
experiment  than  ns  detennined  by  theor}\  as  mig-ht  have  been  ex- 
pected, since  tlic  friction  of  the  fluid  was  not  cont^idcred  in  the  cal- 
culation. The  difference  between  theory  and  experiment  varied  in 
ditlcrent  cases  from  the  jf  th  to  the  ^st  part  of  the  whole  quantity. 

0ee.  7.— On  tiie  Finncqile  of  Continuity  in  lelennee  to  certain 
lesnlta  of  Analysis.   By  Professor  Youn^  of  Belfast  College. 

The  object  of  this  paper  is  to  inquire  into  the  influenrc  of  the  law 
of  continuity,  as  it  affects  the  extreme  or  ultimate  valuet^  of  vnriable 
functions,  more  especially  those  involving  iohnite  series  and  definite 
integrals. 

The  author  consideiid  that  thi^  iiiiiueiice  has  hitherto  been  impro- 
perly oveilooked ;  and  that  to  tida  dvcwnstiiice  is  to  be  attiibated 
iSb»  enoia  and  perpleadties  with  wbicb  Uie  diffenat  tbeoiies  of  tbose 
fiindions  aie  wand  to  be  embanassed.   He  shows  that  eveir  pwrti- 

cular  case  of  a  general  analytical  form — even  the  ultimate  or  limiting 
case — mii?t  come  under  the  control  of  the  Inw  implied  In  tliat  form  ; 
this  law  being  equally  efficient  throughout  the  entire  range  of  indi- 
vidual values.  Except  in  the  limiting  cases,  the  law  in  question  is 
palpably  impressed  on  the  several  particular  forms ;  but  at  the  limits 
It  has  been  soflforsd  to  escape  recognition,  becanao  indications  of  its 
presence  have  not  been  actually  praserred  in  tlie  notation. 

It  is  in  tills  way  that  the  series  1  —  1  +  1  —  1+  &c.  has  been  con- 
founded with  the  limit"  of  the  series  1  — r  +  r-  — r^-f  ^c.  ;  these 
limits  being  arrived  at  by  the  continuous  variation  of  .r  Irom  some 
inferior  value  up  to  .r=l,  an(i  from  some  superior  value  down  to 
xsal.  It  is  shown  however  that  the  series  1  —  1  +  &c.  has  no  equi- 
valent amour  the  Indavidnal  cases  of  l*«<t-s^^  &c.,  with  which 
latter,  indeed,  it  has  no  oonneison  whatever. 

By  properly  distinguishmg  between  the  real  Umits,  and  wliat  is 
genersuly  conSfouudcd  with  them,  the  author  arrives  at  several  con- 
clusions respecting  the  limitiu!^  values  of  infinite  series  directly  op- 
posed to  tiiose  of  Cauchy,  Poisson,  and  others.  And  to  prevent  a 
recurrence  of  errors  arising  from  a  neglect  of  the  distinction  here 

^  noticed,  he  proposes  to  call  such  an  isolated  series  as  1  —  I  + 1  — &c. 

'  miepenihnt  or  neiilml;  and  the  extreme  cases  of  1— »+«^»&c., 
dependent  series :  the  difference  between  a  dependent  and  a  neutral 
series  becomes  sufficienUy  marked,  as  respects  notation,  by  introdu« 
cing  into  the  former  wbnt  the  nnthor  enlls  the  symhni  nf  rnnfinffif'j. 
which  itidced  is  no  otlicr  than  tlic  hictor,  who've  ascciicling  powers 
Poisson  introduces — and,  a>  here  >ho\^'Ti,  unwarraiitabl\ — ^into  the 
successive  terms  ui  strictly  neuirai  series ;  thus  bringing  such  series 
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uuder  the  control  of  a  law  to  which  in  reality  they  owe  no  obedi- 

An  wot  aomewhafc  analof^us  to  this  is  shown  to  be  oommitted 

in  the  treatment  of  certain  definite  integrals,  which  are  here  submit- 
ted  to  examinution  and  correction,  and  some  dissputed  and  hitherto 
uusettleil  points  in  their  thwrv  fully  considered.  The  author  is  thus 
led  to  what  he  considers  au  lutcrusting  fact  in  analysis ;  viz.  that  the 
djfkrMMt  of  cortam  farmt  reqnira  mitinmumi*  torrtcHmu,  m  ft 
manner  aimilar  to  tfant  by  which  dtttrmimie  oorreotioiia  are  tntio- 
dttoed  into  mtegralt  i  and  he  attributes  to  the  neglect  of  theie  the 
many  erroneous  summHtions  a?*«!«rned  to  certain  tri^nometrical 
aeries.  Tliis  is  illustrated  by  a  reference  to  the  processes  of  Poisson. 

The  paper  concludes  witJi  some  observations  on  what  has  been 
called  discontinuity ;  a  term  which  the  author  thinlca  is  sometimes 
injudiciously  employed  in  analyws,  and  prelers  to  treat  disoontinuouB 
lunotiODi  as  implying  distinct  continuities  ;  and  by  considering  these 
in  accordance  with  the  prim  ijilcs  est^ibli^lird  in  the  former  part  of 
the  p^per,  be  arrives  at  results  for  ddiuite  integrals  of  the  fonn 

sr^dic  totally  different  from  those  obtained  by  Poiaaon.  Two 

notes  are  appended  to  the  paper  ;  one  explaining  wliat  the  author 
denominates  hueiMIe  cwoergency  and  iiumiiMe  meergency,  and  the 
other  discussing  some  condnsions  of  Abel  in  reference  to  certain 

trigonometrical  developments. 

March  1,  1847.— -On  the  Tlicory  of  O«ri]latory  Waves.  By  G. 
O.  Stokes,  M.A.,  Fellow  of  Pembroke  College. 

The  waves  which  form  the  subject  of  this  paper  are  characterized 
by  the  property  of  being  propagated  wifli  a  constant  velocity,  and 
without  deg^fudatioii,  or  change  of  form  of  any  kind.  Tlie  principal 
object  of  the  paper  is  to  investigate  the  form  of  these  waves,  and 
their  velocity  of  propa^tion,  to  a  second  approximation  ;  the  heig^ht 
of  the  waves  being  supposed  small,  but  finite.  It  is  shown  that  the 
elevated  and  depressed  portions  of  the  fluid  are  not  similar,  as  is  the 
case  to  a  first  approximation ;  but  the  hollows  are  broad  and  shallow, 
Uie  elevations  comparatively  narrow  and  high.  The  velocity  of  pro- 
pagation is  the  same  as  to  a  first  approxunation,  and  is  therefore 
independent  of  the  height  of  the  waves.  It  is  remarkable  that  the  for- 
ward motion  of  the  particles  near  the  surface  is  not  cxRctly  compen- 
sated by  tlieir  backward  motion,  as  is  the  cn?c  to  a  first  a])])roxima- 
tion ;  so  that  the  fluid  near  tlie  surface,  in  addition  to  its  motion  of 
oscillation,  is  flowing  witii  a  small  velocitjr  in  the  directioQ  in  which 
the  waves  are  propagated ;  and  this  velocity  admits  of  expression  in 
terms  of  the  length  and  height  of  the  waves.  The  knowledge  of 
this  circumstance  may  be  of  pomc  ii«c  in  leading  to  a  more  correct 
estimate  of  the  allowance  to  be  made  for  leeway  in  the  ca'^e  of  a  ship 
at  sea.  The  author  has  proceeded  to  a  third  apj)roximatiou  in  the 
case  iu  which  the  depth  of  the  fluid  is  Tery  great,  and  finds  that  the 
velocity  of  propagation  is  increased  by  a  small  quantity*  which  beats 
to  the  whole  a  ratio  depending  on  the  square  of  the  ratio  of  the 
height  of  the  waves  to  their  length. 
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In  the  concluding  part  of  the  paper  is  given  the  velocity  of  pro* 
pagntion  of  a  series  of  wave?  propng-atcd  along  the  common  surfaoe 
of  two  fluids,  of  which  the  upper  is  bouiuied  by  a  horizontal  rigid 
plane.  There  is  also  given  the  velocity  of  ])ropagation  of  the  above 
Beriee*  as  well  as  that  of  the  series  propagated  along  the  upper  tur- 
hm  ii  Isht  upper  fluid,  ia  tlia  oiM  in  the  upper  Mvfceeiefree. 
In  these  inve8ti|itMBa  tiie  iqiUM  of  small  qmuitities  arc  omitted. 

Muck  15.— UontributioQs  towards  a  System  of  fiywiboHail  Qeo- 
metrj' and  Mcchaiiir<?     By  the  Kp v.  M.  O'Brien. 

The  di^tinrtioii  which  has  been  uuidv  by  an  eminent  authority  in 
mathemutics  bt-Uvtcu  arithmetical  mid  symbolical  algebra,  may  be 
extended  to  most  of  the  soieuces  which  call  in  the  aid  of  algebra. 
Thm  wt  nay  distinguiali  between  jyeikilee/  §tm«tvp  ead  miirn 
HaU  09Cimetry,  symUHoti  wmhmk§  imd  mkktiHml  mwkm&H.  Hue 
dietiBOtaon  does  not  imply  that  in  one  diviaan  nmiibcrs  only  are 
used,  and  in  the  other  symbols,  for  symbols  are  equally  used  in  both ; 
but  it  relates  to  the  degree  of  generality  of  the  symbolization.  In 
the  arithmetical  science,  the  symbols  have  a  i)urely  numerical  signi- 
fication ;  but  in  the  symbohcal  they  reprcbeut,  not  only  abstract 
quantity,  but  also  all  the  circumstances  which,  as  it  is  expressed* 
ifwi  quantity.  The  arithmetical  edenoe  Is  in  hex  the  fint  step  d: 
generalization,  the  symbolical  is  l)ie  complete  generalimtiim. 

In  this  view  of  the  case,  the  author  has  entitled  his  paper  C<mtn» 
butiono  townrds  a  System  of  Symbolical  Geometr}'  and  Mechanics. 
The  proposed  geonutm  il  system  consifts,  first,  in  representing 
curves  and  surfaces,  noL  by  equations,  as  in  the  Cartesian  method, 
but  by  single  syrabols  \  and  secondly,  in  Ubing  the  differeniial  notation 
proposed  in  a  former  paper*  to  denote  perpmHtmlmi^f  and  to  as* 
piMi  ifirinus  ifgnattptw  and  oenditions.  Tbe  proposed  meohanical 
•ysCim  ia  analogova  fai  many  laipaota*  Snuoiplea  td  it  iMcvaaliaBdf 
been  given  in  the  paper  just  quoted. 

The  author  u  cs  the  term  direction  unit  to  denote  a  line  of  n  unity 
of  length  drawn  in  any  particular  direction  ;  and  he  employi;  the 
symbols  a  /3  y  to  denote  any  three  direction  units  at  right  angles  to 

eadiollier. 

He  defines  tlie  poaition  of  any  point  P  In  space  by  tlie  symbol  re- 
presenting the  line  OP  (O  being  the  origin)  in  magnitude  and  direc- 
tion. If  «  y  r  be  the  numerical  values  of  the  coordinates  of  P,  and 
•  P  y  the  direction  nnits  of  the  coordinate  smsi  tba  expression 

represents  the  line  OP  in  magnitude  and  duection.  and  therefore 
ddSnes  the  positioa  of  P.  This  expr^noo  be  calls  die  jfailolofthe 
point  P. 

If  r  be  the  nnmerical  magnitude^  and  »  the  direction  unit  of  0P« 
we  have 

rt  is  therefore  another  fonn  for  tiie  symbol  of  the  point  P. 

•  Resd  Nov.  23, 1846. 
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Tbe  fbUowiag  it  tlw  meliiod  by  wliidi  aathor  repmoits  curves 
and  nuftces. 

If  016  lymbol  oC  m  point  involves  an  arbitrary  quantity,  or,  as  it  is 
called,  a  van'fible  pnrnmctor,  the  ])o?iti(in  of  the  point  becomes  inde- 
terminate, but  so  far  restricted  that  it  will  be  always  found  on  some 
line  or  curve.  Hence  the  symbol  of  a  point  becomes  the  symbol  of 
a  line  or  curve  when  it  involves  a  variable  parameter. 

'In  like  imuBiier,  when  the  symbol  of  a  pcunt  mv«olm  two  vnriable 
penuneCen,  it  becomes  the  symbol  of  a  aotface. 

Hie  parameters  here  spoken  of  are  supposed  to  be  numerical 
quantities.  An  arbitrary  direction  unit  is  clearly  equivalent  to  two 
such  parameters;  and  therefore,  when  the  symbol  of  a  point  involves 
an  arbitraiy  direction  unit,  it  becomes  the  symbol  of  a  surface. 

The  following  tie  eiamplee  of  this  method : — 

1 .  If  u  be  the  symbol  of  any  particular  point  of  a  right  llnewhoee 
direction  unit  is  s then  the  symbol  of  that  light  line  ia 

a+ri, 

r  being  arbitrary. 

2.  If  n  bo  the  <9Ymbol  of  the  centre  of  a  tpherei  and  r  its  radioSr 
the  symbol  of  the  surface  of  a  '^i  here  is 

i  bein^  an  nrbitrary  direction  unit. 

3.  If  u  be  the  symbol  of  any  particular  point  of  a  plane,  <  and  s ' 
tlie  direction  units  of  any  two  Imes  in  the  plane*  the  symbol  of  the 
plane  is 

a+n+f'*'. 

r  and    being  arbitrary. 

4.  If  6  be  the  direction  unit  and  r  the  numerical  raa^itudc  of  the 
peipendicular  from  the  origin  on  a  plane,  the  symbol  of  the  plane  is 

being  an  arbitrary  line  symbol,  i.  e«  denoting  in  magnitnde  and 

direction  any  arbitrary  line. 

5.  If  u  and  u'  ho  the  symbols  of  two  points,  the  symbol  of  the 
right  line  drawn  through  them  in 

m  being  arbitrary. 

6.  If  a  be  the  symbol  of  any  eum  in  space,  the  symbol  of  the 
tsngent  at  the  point  a  is 

a+suiv, 

m  being  atfaitrary. 

7.  The  symbol  of  the  osculating  plane  at  the  point  a  is 

m  and  m'  being  arbitrary. 

8.  \{  8  denotes;  the  length  of  the  arc  of  the  curve,  and  s  the  direc- 
tion unit  of  the  tangent,  then 
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9.  ^  or  l-d(^~\  represcaU  a  line  equal  to  the  reciprocal  of  the 
ds      dt    \  ds) 

radius  of  curvature  drawn  from  the  point  u  towards  the  centre  of 
cnrvRture,  \.  e.  it  represents  what  may  be  oaiiad  the  index  qf  curva- 
ture in  magnitude  and  direction. 

1  /efti\ 

Heii€e,siiioeii8M+y04-«Xtthenam«ffioaliiiigiutadeof 

iN/{('S)-*(4)'*('l)'}- 

whkli  is  the  general  expression  fqi  the  reciprocal  of  the  radiua  of 

curvature. 

10.  i  he  :iymbol  of  the  normal  which  lies  in  the  osculating  plane  is 


m  being  arbitrnn'. 

1 1 .  The  symbol  of  «wy  normal  at  the  point  u,  i.  e,  the  symbol  of 
tlie  uurmul  plane,  is 

V  being  an  arbitrary  line  symbol. 

12.  The  symbol  of  the  nuimal  perpendicuha  tu  the  uscuiatiiig 

m  being  arbitrary. 

13.  If  u  be  the  symbol  of  a  surface,  involving  therefore  two  vari- 
able pHmmetera,  K  and  |iu  aupfMM^  then  the  aymbol  of  the  soniMd  at 
the  point  u  is 

m  beiogarbitrary. 

14.  The  symbol  of  the  tangent  plane  at  the  point « is 

* 

.     «     '      ,     du  .  du 
H+SMba  or  fl+SI       +  n  -  , 

dk 

m  and  n  being  arbitrary. 

15.  The  symbol  of  the  plane  which  contains  the  three  points 
ne'v^is 

«  4>fli(ii' ^) -|.  e(iif' ~e). 

16.  If  be  the  symbui  of  a  right  line,  the  symbol  of  the  plane 
containing  it  and  the  point  u'  is 

v-i-jn(a'— a). 

The  following  are  examples  of  tlie  popoeed  neebanical  syitemta 

addition  to  those  given  in  the  paper  already  quoted. 

1.  If  /■  he  the  radius  vector  of  a  planet,  and  a  ft  y  he  chosen  so 
that  a  i'^  the  direction  unit  of  the  radius  vector,  and  y  perpendicular 
to  the  piauu  of  the  orbit,  it,  may  be  shown  immediately  by  the  sym- 
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bcdical  metliod,  fhat  the  symbol  of  the  fbioe  adiag  on  the  plaaet  is 

where  w  is  the  angular  velocity  of  the  planet,  and  oj'  that  of  the 
plane  of  the  orbit  about  the  radius  vector.  The  exprt3»iuii§  for  the 
three  component  forces  along  r,  perpendicular  to  r,  and  perpendicular 
to  the  plane  of  the  orbit,  are  the  coeffidentaof  a  /3  y  m  tma  ezprea* 
sion. 

2.  The  equation  of  motion  of  the  planet*  vhen  tiie  force  is  the 
attraction  of  a  fixed  centre  Tarymg  as  the  inyeiae  aqvare  of  the  di- 
stance, is 

It  is  cTiriou;:  that  this  equation  is  kmeiiateljf  integrabie*  the  in- 
tegral being  the  two  equations 

r  h 

The  latter  equRtion  is  the  symboUoal  aqaatwti  el  %  torn  saotioiit 
tint  oiigiii  being  fiDens*  ktwaA  a  being  the  aifateary  aonatafttaiatoo- 

ducci.1  I'V  inteijcration. 

3.  I'he  a])plication  of  tliis  method  to  the  case  of  a  planet  acted  on 
by  a  dictiir'iinir  force  if*  wortliy  of  particular  notice,  as  it  expresses 
the  vanuUoiia  of  the  elements  of  the  orbit  with  great  duality,  in  the 
following  manner 

If  U  £b  tiie  symbol  of  liie  disturbing  force,  we  have 

^«Dmy  a.) 

at 

?*g)  =  ^^A/?.C+U.  C2.) 

lliese  two  equations  determine  with  great  facility  all  the  elements 
of  tlie  orbit.  For  7  is  a  direction  unit  perpendicular  to  ^tm  filan* 
of  the  orbit  («.  e.  it  is  the  isyiiibol  of  the  pole  of  the  orbit),  and  tbo'e- 
forc  it  defines  completely  the  position  of  the  ])lane  of  the  orbit.  Also 
t  is  a  direction  unit  in  the  plane  of  the  orbit  at  right  angles  to  the 
'  axis  major,  and  therefore  it  determines  the  position  of  the  axis  major ; 
in  fiiet  the  dSrsetioii  unit  of  the  axiB  major  » I>y.t.  Hie  letters  h 
and  e  have  their  usual  signification. 

To  find  h  and  y  separately  from  (I,),  suppose  that  we  obtain  by 
integration  of  (1.) 

then  A^ssAW.W;  tad  ibeinf  thnt  tend*  we  hmys^  Tlie 

same  obscrvaliuu  applies  to  (2.). 
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4.  The  expression  for  the  parallax  of  the  plantt  is 

'Iliese  instances  suffice  to  show  ths  natnie  of  fhe  proposed  sym- 
bolical Biethod. 


[CoDtiniMd  from  vol.  xxs.  plSU«] 
April  9,  I  '^  iT  — On  an  important  error  in  BouTsid's  Trides  of 

Sattim.    By  Mr.  Adams. 

Having  lately  entcr(Ml  upon  n  comjmrison  of  the  theory  of  Saturn 
with  the  Greenwich  ob^ervationh,  I  was  immediately  struck  with  the 
magnitude  of  the  tabular  errors  in  heliocentric  latitude,  and  the  mors 
so,  sinos  the  whole  pcrtoiMtion  in  latitude  is  so  smstt»  that  it  conU 
not  be  imagined  that  these  errors  arose  from  any  impsriection  in  the 
theory.  In  order  to  examine  the  nature  of  the  errors,  I  treated  them 
by  thr>  method  of  curves,  taking  the  times  of  obserration  as  absci^sie, 
anil  liie  corresponding-  tabular  errors  as  onlinates.  After  elimina- 
ting, by  a  graphicul  process,  the  cii'ects  of  a  change  iu  the  node  and 
inanDatioa»  a  well-defined  ineqnaKty  baeame  apparent*  the  period  of 
which  was  nearly  twice  that  of  Saturn.  One  of  the  fuincipsl  tstms 
of  the  perturbation  in  latitude  (viz.  that  depending  on  the  mean  lon- 
gitude of  Jupiter  minus  twice  that  of  Saturn)  liaring  nearly  the  same 
period,  I  \va«  next  led  to  examine  whetber  tbirJ  term  bad  been  cor- 
rectly tabuiated  by  buuvard.  The  formula  in  the  introduction  ap- 
peared to  be  aoeniate;  but  on  inspecting  the  TaUe  XUI..  which 
professes  to  be  oonstrncted  by  means  of  uus  formula,  I  wassniprised 
to  find  that  there  was  not  the  smallest  ootyespopdencc  between  the 
number?  given  bv  the  formula  and  those  contained  in  the  table,  the 
latter  following  the  simple  progression  of  sine?,  while  the  formula 
omtaincd  two  terms,  llie  origin  of  this  mistake  is  rather  curious. 
Boufaid's  formula  for  the  terms  in  question  is 

9"-678in{^-2^'-60^'29}-|.28"-l9  8in{2^-4^'  +  66*'-12}l 

but  in  tabulating  the  last  term  he  appears  t»  have  taken  the  simple 
argument  <p^2(p'  instead  of  2^~4f SO  that  the  two  parts  may  ha 
united  into  a  single  term, 

8d"'86sin{f-d^' +4^*88}. 
which  I  find  Tery  dosdy  to  represent  BouTaid*s  lU>le  XLU. 

After  correetlng"  the  above  error,  and  making^  a  proper  alteration 
in  the  inclinations  anil  jilicc  of  the  node,  tlu-  remaining  errors  of 
latitude  are  in  general  very  small.  I  subjoin  a  correct  table  to  be 
used  instead  of  Bouvard's.  The  constant  added  bein^  SC  O  hastead 
of  36**0,  it  will  be  necessary  to  subtract  lO'^'O  torn  the  final  xesuU. 
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Table  XLII. — Argument  III.  de  iu  Longitude. 


Al|UIBCDt. 

EqtuUioo> 

1  Argument. 

• 

Eqoauoo. 

Arguinent. 

Equatioiii 

Aiyimfnt. 

0 

5i-4 

2500 

lf4 

5000 

6§-l 

7500 

*i 

61 

100 

54-4 

2G00 

16-2 

5100 

7600 

4  0 

200 

56-0 

2700 

15-5 

52U0 

70-2 

7700 

25 

800 

57*2 

2800 

15-2 

5300 

70-5 

7800 

11 

400 

r.8o 

2fl00 

15-2 

5400 

70-4 

04 

500 

58*3 

3000 

15-7 

5500 

69-8 

buoo 

0-1 

600 

58-8 

1  8100 

16-6 

5600 

68*7 

8100 

0-4 

700 

57-8 

3200 

17-9 

5700 

67-2 

8200 

1-0 

800 

56-9 

1  3300 

19-6 

5800 

65*8 

8300 

2-2 

900 

ftS7 

!  8400 

91-7 

5900 

69-9 

8400 

87 

1000 

541 

24-1 

6000 

60-1 

8500 

5-7 

1100 

52-2 

i  3600 

26-7 

6100 

571 

8600 

8-0 

1900 

MH) 

1  8700 

99-7 

6200 

58-7 

8790 

10»7 

i:u>() 

47-5 

32-8 

6300 

50-0 

88<X) 

13-7 

1400 

44-9 

j  3iH)0 

36*2 

6400 

46-2 

8900 

16*8 

1500 

42-1 

4000 

396 

6500 

42-1 

9000 

20-2 

1600 

39-2 

4100 

43  1 

6600 

38*0 

9100 

23-7 

1700 

36-2 

420<J 

46-5 

;  6700 

339 

9200 

27-3 

1800 

33-3 

4300 

50-0 

G800 

29S 

9iJ09 

3 10 

1900 

30-4 

44(M) 

53-3 

6900 

25-7 

9400 

34-5 

27-7 

1  4500 

56-5 

7000 

21-8 

9500 

380 

2100 

25-1 

4600 

59-4 

7100 

181  1 

9600 

41  4 

2200 

22-8 

4700 

621 

7200 

u  -ft  ! 

9700 

44-6 

8300 

20-6 

4800 

64-5 

7300 

11-4 

9800 

47-5 

2400 

18*8 

1  4900 

66-5 

7400 

8-5 

9900 

50-1 

SfiOO 

17*4 

1  0000 

681 

7500 

6-1 

1000 

894 

On  the  Development  of  the  Disturbing  FaucUun  R.  By  Sir  Jolm 
Lobtiodc. 

Tb»  greatest  practical  difficulty  which  la  encountered  in  the  phi* 
netary  theory  consists  in  the  development  of  the  expression  for  the 
reciprocal  of  the  linear  distonce  between  the  disturbed  and  disturbing 
planets.  The  algebraical  expression  of  this  development  may  be 
obtained  either  by  means  of  the  binomial  theorem  or  by  Taylor's 
theorem  applied  to  aeveral  variahlea ;  by  the  latter  method  M.  Binet 
has  earned  the  de?eh»pment  as  far  aa  terms  of  the  7th  order.  But 
when  hlg^  powers  of  the  eecentricities  and  inclinations  are  retauied» 
the  expressions  become  cxcessiveh'  complicated,  SO  that  further  pro- 
gress in  thii*  direction  appears  utterly  hopeless. 

The  iiumcrical  coefficients  of  the  series  may  also  be  obtained  by 
quadratures ;  but  to  determine  all  the  coefficients  in  this  way  would 
involve  very  great  labour. 

In  considering  the  problem  of  the  perturbations  of  bodies  whose 
eccentricities  and  inclinations  are  considerable,  the  author  has  been 
led  to  another  mode  of  development,  which  he  conceives  to  possess 
great  advantxig^es  over  those  just  mentioned,  and  the  use  of  which 
may  be  greatly  facilitated  in  all  cases  by  special  tables,  which  may 
ht  prepared  beforehand. 
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The  principle  of  this  method  consists  in  expressing  the  square  of 

the  rntio  of  the  distance  between  the  two  planets  to  the  radius  vector 
of  the  more  distant  planet,  under  the  form  of  P— Q,  in  which  P  is  the 
product  of  any  convenient  number  of  factors  of  the  form  1  -|- A  cos  a, 

and  all  the  terms  in  Q  have  small  coctficients.  Then  (F  — Q)~^ 
may  be  developed  by  the  binomial  theorem  in  a  series  of  ascending 
powers  of  Q,  which  consequently  converges  rapidly,  and  the  values  of 

the  quantities  P~^,  P""^,  &c.,  which  enter  into  the  successive  terms 
of  this  series,  may  be  found  by  multiplying  together  the  developments 

of  the  several  factors  (1  +  A  cos  a)~*,  (1  +  A  cos  a)  &c.  if  then 
tables  were  prepared,  giving  for  different  yaluesof  A  the  coefficients 
of  the  development  of  these  quantities  in  cosines  of  multiples  of  a, 
all  the  operations  requisite  for  the  development  of  the  disturbing 

function  might  be  performed  with  great  facility. 

The  author  remarks,  in  conclusion,  that  instead  of  developing,  as 

is  usually  done,  in  powers  of  the  ratio  of  the  mean  distances  ' 

it  would  be  preferable  to  develope  according  to  powers  of  ^^^^ 

which  is  mneh  less  than  the  former  when  a  and  a'  do  not  differ 
widely  from  each  other. 
Observations  of  Hind's  Second  Comet  in  full  Sunshine*.   By  Mr. 

Hind. 

I  take  the  UIk  i  h  to  send  you  two  positions  of  the  comet  discovered 
here  Feb.  6,  obtained  yesterday  in  full  daylight,  and  about  five  hours 
before  the  perihelion  passage.  The  visibili^  of  a  comet  in  the  day- 
time, and  within  2^  distance  from  the  son,  is  a  phsenomenon  of  so 
tare  occurrence,  that  it  may  in  some  measure  interest  you  if  I  give 
very  briefly  the  particulars  of  our  observations. 

I  had  determined,  by  theory,  that  the  intensity  of  light  on  March 
S(j  ou^^ht  to  be  lUU  Umes  stronger  than  that  of  a  star  of  fourth  mag- 
nitude, and  was  induced  to  make  preparations  for  a  daylight  obser- 
vation. I  first  saw  the  comet  about  11  a.k.  When  the  sky  was 
perfectly  cloudless  about  the  sun,  it  had  a  whitish  appearance,  which 
rendered  it  a  matter  of  no  little  difficulty  to  see  the  comet ;  but 
during"  the  passage  of  some  cumuli  clouJ.'>  over  the  sun,  mi:!  bct-wecn 
the  breaks,  I  obtained  some  excellent  views  of  the  comet,  and  several 
observations,  wliich  will  no  doubt  be  of  great  assistance  in  the  accu- 
rate determination  of  the  elements.  The  nucleus  was  nearly,  if  not 
perfectly,  round,  beautifully  defined  and  planetary,  the  diameter  8" 
or  10''*  Two  faint  branches  of  light  formed  a  divided  tail,  extend- 
ing about  40"  from  the  head,  like  two  longish  erect  ears  or  horns 
rising  from  each  side  of  the  di  r.  At  times  I  felt  certain  that  the 
nucleus  twinkled.    The  tail  resembled  a  thin  smoke. 

With  respect  to  the  observations  for  position,  1  can  only  add  LliaL 
they  were  as  good  as  could  possibly  be  made,  undw  tiie  drcum* 

•  The  comet  was  leen  at  noon  near  the  sun  by  two  other  obierver^  at 

Truro  and  in  the  Isle  of  Anglesey. 

Phil.  Mag.  S.  3.  Vol  31.  No.  206.  Aug.  1847.  L 
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ftanoMt  by  inttnunciitel  ooni|)arlson8.  The  index  emnt  m  Wj 
oonftmt,  and  wtm  usoqiitetj  d«t«niiiBtd  Uwl  evening. 

Qfienwich  M.T.         rometU  R.A,  Comct'i  Ucc. 

March  80   1  23  40         7  32  27         +1  48  42  1 

In  the  obsemtioiis  for  the  fint  poeition  the  cmtr   of  the  field 
estimated,  and  nine  single  results  are  tolerably  accordant.  The 
second  place  depends  on  one  good  obserratioa  nith  cmti  nine* 
clouds  jiruventing  any  further  comparisons. 

Hud  the  sky  been  free  from  the  whiteue&s  which  is  £u  fatal  to 
vision  by  daylight,  I  should  have  obtained  much  better  places. 

I  comnmnicirtcd  en  epbemerie  to  Mr.  Dawee,  who  bee  oibeemd 
the  oomet  with  extreme  care,  but  I  do  not  know  nt  preeent  whetfanr 
he  saw  it  yesterday  in  day%ht. 


XX VIII.  IiUelUgence  and  Misullaneom  Articles. 

ON  A  KEW  TB8T  FOR  PBUBMC  AaP»  AMD  ON  A  SIMFLX  MKTBOO 
OF  FRBPARtNQ  TH£  8DLPHOCTAN1DE  OF  AMMONIUM.  BY 
FROF.  UBBIO. 

WHEN  foint^  8ulphuret  of  aiuiauuiuui  and  caui>tic  amuiouia  are 
added  to  a  coocentrated  aqueoue  solution  of  pruseic  acidt  and 
the  miatttro  healed  with  the  addition  of  pure  flowem  of  sulphni^  the 
pmieieacid  is  converted  in  a  few  minutes  into  salplioeyantde  of  am- 
monium.   This  ni*  taiiutrphosis  dej)eii(1s  on  the  circumstance,  that 
the  higher  «(ulphurets  oi"  ammonium  arc  instantlv  (h  prived  by  the 
cyanide  of  ammonium  of  the  vwv^s  ut"  sulphur  they  contain  above 
the  monosulphuret ;  for  m^uucc,  it  a  mixture  of  prussic  acid  and 
ammonia  be  added  to  the  peotasulphuret  of  ammonium,  the  solution 
of  whieh  is  of  a  deep  yellow  colour,  and  the  whde  gently  heated^ 
the  sulphuret  of  animoniom  is  soon  decolorized ;  and  when  the  dear 
colourless  liquid  is  evaporated,  and  the  admixture  of  sulphuret  of 
ammonium  expelled,  a  M-hite  saline  ma^s  is  obtained,  wliich  dissolves 
entinly  in  aleohol.    The  solution  yiehis,  on  eooling  or  evaporation, 
eolourless  cryt»tals  of  pure  sulphucyaaide  of  anHiioniuic.    Only  a 
buiall  quantity  of  sulphuret  of  ammonium  is  requit^ite  to  convert,  iu 
the  presence  of  an  excess  of  sulphur,  unlimited  quantttiee  of  cyanide 
of  ammoninm  Into  sulphocyanlde ;  because  the  sulphuret  of  ammo* 
nium«  when  reduced  to  the  state  of  monosulphuret,  constantly  reao> 
quires  its  power  of  dissolving  sulphur  and  transferriog  it  to  the 
cyanide  of  ammonium.    The  Ibllowing  proportions  v  ill  l>e  found  to 
be  advantageous?: — ^  oz.  of  ■solution  of  caustic  amuiouia  of  0*9^ 
spec.  grav.  are  baturaied  uiiii  sulphuretted  iiydrogen  ^as ;  the 
hydrosulphate  of  ammouia  thus  obtained  is  mix^  with  6  ox. 
of  the  same  solution  of  ammonia*  and  to  this  mixture  9  cs.  of 
flowers  of  sulphur  are  added  $  and  then  the  product  resulting  fhim 
the  distillation  of  6  oz.  prussiate  of  potash,  3  oz.  of  the  hydrate  of 
sulphuric  acid,  end  18  oz.  water.   This  mixture  is  digested  In  tte 


Digitized  by  Google 


InteUigmce  and  Miscellaneous  Articles,  147 


^vater^wUi  n&Cil  tha  snlpliiir  ii  teen  to  bo  no  longer  altered  and  the 
liquid  has  assumed  A  ydlow  eolour ;  it  is  then  heated  to  boiliogi  and 

ke]>t  nt  thi?  fpmperature  until  the  sulphmft  of  ammonium  has  been 
rxptUeU  arid  the  liquid  has  again  hi  vine  culourle^*?.  The  deposited, 
ur  exceiki  of,  sulphur  is  now  removed  by  filtration,  and  the  liquid 
cvaponted  to  crystallization.  In  this  way  from  3^  to  3^  oz.  of  daz- 
«Ung  white  dry  sulphocy ankle  of  ammoQiumare  obtained,  which  may 
be  employed  as  a  reagent,  and  for  the  same  purpoiee  as  the  ealpho- 
cyanide  of  pota^ttm»  Of  the  8  os.  of  aolphur  added*  -I-  an  oc*  ii 
1^  undissolved. 

The  behaviour  of  the  higher  sulphurets  of  ammonium  towards 
pru6sic  acid  lurnishes  an  admirable  test  for  this  acid.  A  couple  of 
drops  of  a  prusdo  add*  which  has  been  dilated  with  so  much  water 
diat  it  ao  longer  gives  any  oertain  reactioD  with  salts  of  iron  by  the 
formation  of  prussian  blue»  when  mixed  with  a  drop  of  sulphuret  of 
ammonium  and  heated  upon  a  "watcli-glass  until  tlie  mixture  is  be- 
come colourless,  yields  a  lif]ni»i  frnitainiiig  sulphoeyanidc  of  ammo* 
nium,  which  produces  with  {)cr>alts  of  iron  a  very  dt-ep  blood-red 
colour,  aiid  with  perbalts  of  copper,  iu  the  presence  of  sulphurous 
aeid,  a  perceptible  white  precipitate  of  the  sulphocyaoide  of  copper* 
— liebig's  Aruuikn,  Jan«  1847* 


OK  TRB  VUSIOH  OV  IRIDIUM  AVD  RHODIUM.    BT  TU  HARS. 

Thiii  commutiicatiou  respects  niuiaiy  my  success  in  fusing  both 
iridivm  and  rhodium,  neither  of  which,  in  a  state  of  purity  ^  had  been 
previously  fused.  It  may  be  supposed  that  the  globule  of  iridium, 
obtained  by  Children's  eoloeiat  battery,  forms  an  exception ;  but 
the  low  specific  gravity  and  porosity  of  that  globule  may  justify  a 
belief  that  it  not  pure,  and  at  any  rate  the  means  employed  were 
of  a  nature  not  to  be  at  command  lor  the  repetition  of  the  process, ' 
so  that  iridium  might  as  well  be  infusible,  as  to  be  fusible  only  by 
such  a  battery. 

The  first  specimen  of  the  last-mentioned  metal  on  which  I  one- 
rated  was  one  given  me  by  Mr.  Booth,  a  former  pnpil  of  WShler, 
whom  he  had  assisted  in  obtahun<^  it  by  the  excellent  proeeis  de- 
vised by  that  distinguished  chemist.  Tht^  «?pecimen  was  fused  in 
the  presence  of  Mr.  Booth.  Subsequently  1  procured  specimens, 
warranted  pure,  severally  from  the  house  of  Pelletier  at  Paris,  and 
from  Messrs.  Johnson  and  Cock,  London.  Another  specimen  was 
given  to  me  by  a  friend,  who  had  received  it  aspure,  from  a  source  on 
which  reliance  may  be  placed ;  and  lastly,  1  obtained  myself,  by 
AVdhler's  process,  a  specimen  of  about  sixty  grains,  from  the  inso- 
luble residue  of  platinum  ore.  All  the  specimens  thus  procured 
were  found  to  he  fusible  under  my  hydro-oxyj^en  blowpipe.  The 
spcciujcn  obtained  from  Messrs.  Johnson  and  Cock,  after  repeated 
fusions,  by  uhich  it  was  mucli  consolidated,  weighed  sixty-seven 
grains.  During  fusion  there  appeared  to  be  an  escape  of  volatile 
matter,  supposed  to  be  osraic  aeia,  arising  from  the  presence  of  a 
■unute  portion  of  osmium,  between  which  and  iridium  an  affinity  of 
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a  ])ecu)i-)r  dc^cc  of  cncrjxy  exists.  At  a  certrtin  point  of  tlie  process 
a  reacuoi)  look  plice  sufJicicntiy  explosive  to  throw  a  ])oi  tioii  of  the 
metal,  in  globules,  uti  fruiii  the  support.  One  ot  these,  about  tvrice 
as  large  as  the  head  of  a  commoQ  brass  pin,  proved  to  be  hollow. 
By  prolonged  and  repeated  fuaion  the  metal  became  more  eompact 
and  more  fusible. 

Fused  iridium  has  nearly  the  grain  of  soft  cast  steel,  with  the  pale 
nliiteness  of  antimony,  and  appears  to  be  snscfptible  of  a  fine  polish. 
Aithon<rh  :ts  hard  as  untempered  steel,  it  is  somewhat  sectih\  since, 
when  spht  by  means  ot  a  cold  chisel,  the  edge  penetrated  about  the 
eighth  of  an  inch  before  a  division  was  effected.  By  light  ham- 
mering a  comer  was  flattened  without  fractnrev  although  ondcr 
heavier  blows  the  mass  cracked.  I  infer  that  aldiough  nearly  nn« 
malleable  and  very  hard,  iridium  may  be  wrought  in  the  lathe. 

I  have  niready  mentioned  that  I  fused  into  a  globule  a  specimen 
of  iriditim  obiainocl  by  me  from  the  insoluble  residuum  of  platinum 
ore  by  Wiihler's  process.  From  this  globule,  while  congealing,  a 
portion  ran  out  from  the  inside,  leaving  a  trnfUy  and  covering  one 
of  its  rides  externally  with  an  incrustation,  among  which  crystalline 
spangles,  or  facets,  were  discernible.  The  specific  gravity  of  the 
globule  of  iridium,  from  the  specimen  furnished  by  Messrs.  John* 
son  and  Cock,  was  taken  by  Mr.  T.  R.  Eckfelt  of  the  United  States 
mint  at  Philadelphia,  and  by  Dr.  Boye,  both  havinij  balann nf  th/- 

§reate2>t  accuracy,  and  beinff  very  skilful  in  tiie  employiaeai  ui 
lem.  In  the  first  instance  there  was  a  perfect  coincidence  in  the 
results  ohtamed,  21*88  being  the  numbers  found  W  both  of  these 
gentlemen*  ilgneably  to  another  trial  made  by  Dr.  Boye,  usi^g 
river-water  instead  of  distilled,  the  number  was  21*78,  water  being 
in  either  case  about  sixty-eight,  with  allowance  for  tlie  difference  of 
the  water,  and  the  temperature  being  above  the  standard  of  60^. 
The  ttpecific  gravity  of  the  specimen  may  then  be  estimated  at  21  '80. 

The  specific  graviiv  of  Aised  |iAatinttmt  purified  according  to  the 
instmctiona  of  ^Beraelios,  before  subjection  to  the  hammer,  proved 
in  one  specimen  to  be  not  more  than  19*70,  although  by  hammering 
it  became  equal  to  2\'2S,  It  is  with  fused  platinum  that  fused 
iridium  should  be  compared.  Of  course  the  specific  gravity  of  the 
last-mentionrd  metal,  when  both  are  obtained  by  fusion,  may  he 
a^ittumed  to  be  one-tenth  greater  than  that  of  the  former.  Moreover, 
as  this  metal  is  the  only  impurity  existing  in  the  standsrd  platinum 
of  Iiondon»  of  Paris,  or  of  St,  Petersburg,  it  follows  that  a  high 
specific  gravity  is  not  to  be  viewed  as  a  proof  of  purity.  Accom* 
in^ly  a  specimen  of  platinum,  purified  from  iridium  by  the  Ber- 
zelian  process,  and  which  liad  proved  eminently  susceptible  of  being 
beaten  into  leaf,  was  fomi  1  inly  to  be  of  the  ijrav  ity  of  21*16,  while 
that  of  a  speeiuien  uf  standard  Russian  platinum,  very  brilliandy 

white  but  inferior  in  malleability,  presented  to  me  by  his  Excellency 
Count  Cancrine,  as  a  specimen  of  the  purest  platinum  of  the  Russian 

mint,  was  21*^1. 

Of  rhodium  I  liave  fused  two  specimen??,  f'ne  of  five  pennyweights, 
purchased  of  Messrs.  Johoion  and  Cock,  the  other  received  through 
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the  same  chamiel  as  the  specimen  of  iridiam  above-mentioned*. 
Rhodiam  is  at  least  as  liisible  as  iridium,  both  of  the  specimens 
■Unded  to  haying  been  conyerted  into  fluid  globules.  I'hat  pro- 
cured ftom  Messrs.  Johnson  and  Cocic  gave  a  globule  weighing 

ninety  grains.  On  a  second  fusion  it  formed  a  perfect  globule  as 
fluid  as  niercnrv  ;  nnd  yet  in  congealing  lost  its  brilliancy  by  be- 
coming stuiklecl  with  crystalline  facets  all  over  its  surface,  excepting 
the  |>ortion  in  contact  wiili  the  support.  The  facetii  iiad  liie  ap- 
vearance  of  incipient  spangles.  The  rapidity  with  which  they  were 
lorroed  seemed  anomalous.  The  mass  being  split  by  a  cold 
chisel  and  viewed  by  a  microscope,  it  appeared  porous  immediately 
l^nealh  the  facets.  When  the  mass  was  first  fused,  I  found  by  the 
grnvHTietcr  the  specific  gravity  to  be  1 1*0,  which  coincides  with  the 
observations  of  Wollaston.  Yet  by  a  careful  trial  made  at  the  United 
States  mint  by  Mr.  Eektelt,  after  tlie  second  fusion  and  ibe  forma- 
tion of  the  facet,  the  specilic  gravity  proved  to  be  only  10*8.  This 
is  suflSdently  explained  by  the  porosity  above  mentioned.  In  fact 
Uie  porosity  to  which  rhodium  and  iridium  are  liable  may  render  it 
difficult  to  find  specimens  of  precisely  the  same  specific  grayity. 

In  sectility,  malleability  and  hardness,  rhodium  did  not  appear  to 
differ  much  from  iridium,  but  it  is  not  of  so  pale  a  white  as  iridium. 
The  one  has  the  pale  white  of  antimony,  the  otlier  the  ruddy  hue  of 
bi^mutb. 

Osmiuret  of  iridium,  as  existing  in  the  native  spangles  associated 
with  platina  ore»  or  as  otherwise  obtained,  is  far  more  difficult  of 
fusion  than  pure  iridium.  The  propensity  to  assume  the  crystalline 
form,  and  to  adhere  to  it,  is  even  greater  in  this  alloy  than  in  the 
last-mentioned  nif»rnl.  On  first  exposure  to  the  most  intense  heat 
of  the  hydro-oxygen  blowpipe  some  slight  appearances  of  fi»$ion 
may  be  seer),  and  the  spangles  or  grains  may  be  made  to  cohere. 
Nevertheless  it  yields  very  slowly,  and  requires  an  expenditure  of 
gas  too  great  to  be  incurred  unless  it  were  for  the  purpose  of  once 
well  determining  the  question  of  its  ultimate  fusibility.  Tliis  ob- 
ject was  obtained  completely  as  respects  a  globule  of  45  grains  in 
iveight.  The  specific  gravity  of  this  globule  appeared  to  be  20*4, 
but  this  result  was  evidently  less  than  tliat  whicli  would  have  beeu 
obtained  had  there  not  been  some  minute  cavitii-s,  wliicb,  after 
splitting  the  globule,  were  delected  by  a  niaguifier. 

The  specific  gravity  of  some  large  spangles  of  osmiuret  of  iridium 
from  South  American  ore  was,  by  Dr.  lioye,  found  to  be  19*885. 
That  of  some  grains  heavier  but  not  so  flat,  presenteif  to  me  by 
Count  Cancrine,  was  found  to  be  1^0*988. 

That  the  alloy  of  iridium  with  osmium  should  he  morr  dililndtto 
fuise  than  pure  iridium,  leads  to  the  inference  that  osniiuin  must  be 
the  most  infusible  of  tlie  nii  tals.  although,  like  carbon,  very  sus- 
ceptible of  combustion,  and  capable,  hke  that  infusible  non-metallic 
radical,  of  forming  a  volatile  j^roxide.  Of  course  its  liability  to 
oxidiaement  would  render  it  impossible  to  fuse  it  by  the  hydro- 

*  Oas  other  larger  speoiaMa  from  the  ssau  touros  hsi  ham  ted  daos  the 
Aofe  wss  written. 
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oxygen  blowpipe*  of  wbicfa  the  efficacy  lequiret  the  Bunultaneous 
presence  of  oxygen  and  the  most  intense  heat.  It  might  be  ftiaed 
by  exposure  in  vacuo  to  the  flischarire  of  a  powerful  vohaic  series, 
by  means  of  tlie  apparatus  of  wlucli  a  description  with  engravings 
has  been  given  in  a  recent  volume  of  the  Transactions  of  the  Ame- 
rican Philosophical  Society,  and  repubhshed  in  '  Silliman  s  Journal' 
for  1841 ,  voU  xU  pi  309. 

I  have  obtained  osmium  by  heating  the  osmiate  of  ammonia  in  a 

flass  tube  with  sal-amrooniaCt  agreeably  to  the  instructions  given  by 
terzelius.  In  this  way  a  resnh  was  ohtainctl  which  tlip  information 
given  by  that  distinguished  chemist  liad  not  led  me  to  anticipate. 
The  tube  became  coated  with  a  ring  of  osmium,  which  it  would  be 
impossible  by  inspection  merely  to  distinguish  from  the  arsenical 
ring  on  tlie  peculiar  features  of  which  reliance  has  been  plaoed  for 
the  detection  of  arsenic 

It  follows  from  my  experiments  and  observations,  that  of  all 
metallic  bodies,  osmiuret  of  iridium  is  the  most  d ifTl cult  to  fuse ; 
that  rhodium  and  iridium  are  both  fusible  by  the  hydro-oxygen  blow- 
pipe, ^)ropcrly  employed  ;  that  the  former  has  the  rosy  whiteness  of 
bi&muih,  the  laiicr  the  pale  white  of  antimony;  and  that  both  of 
them  are  slightly  sectile,  though  extremely  hard  and  nearly  un- 
malleable;  that  iridium  merely  futed  is  heavier  than  platinum  eon- 
(Icnsal  hij  the  hammer.  Thus  it  follows  from  my  experiments,  and 
from  the  recent  observations  of  Breithaupt,  on  some  specimens  of 
native  iridium,  that  the  metal,  whetlu  r  in  this  state  or  pure  as  ob- 
tained by  chemical  skill  and  consolidated  by  fusion,  must  be  allowed 
that  pre-eminence  in  density,  which,  until  of  late,  was  given  to 
platinum. 

It  may  be  proper  to  add,  that  subsequently  to  the  writing  of  the 

preceding  narrative,  receiving  some  large  quantities  of  iridium  and 
rhodium  from  Messrs.  Johnson  and  Cock,  my  experiments  were 

succe«?sfuUy  repeated  on  a  larger  scale,  but  without  any  result  be- 
sides that  of  confirming  the  facts  above  stated.— iSt^iiiMiii'^  •/ottma/ 
for  Nov.  1 84G,  p.  365. 


NOTE  ON  THE  MBAM8  OF  TESTING  THE  COMPARATIVE  VALUE 
OF  ASTRINGENT  SUBSTANCES  FOR  THE  PURPOSES  OF  TAN* 
NING.    BT  ROBERT  WARINGTOK,  ESQ. 

Having  been  frequently  called  upon  to  examine  the  value  of 
astringent  substances  imported  into  this  country  for  the  purposes  of 

tanning,  such  as  valonia,  divi-divi»  sumac,  catch,  &c.,  I  am  induced 
to  believe  that  the  detail  of  the  manipulation  adopted  may  not  be 
■without  interest  to  some  of  the  members  of  the  Society.  As  the 
manufacture  of  leather  was  the  object  of  the  purchaser  of  these 
materials,  gelutiu  was  selected  as  the  basis  for  the  estimation  of 
their  comparative  value ;  and  after  several  trials  with  various  kinds  of 
natural  and  manufactured  gelatin,  such  as  varieties  of  isinglass*  glue, 
patent  gelatin,  Slc,  the  finest  long  staple  isinglass  was  fotmd  to  be 
the  most  constant  in  its  quality  and  least  liable  to  undeigo  change. 
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With  this  tlierefore  the  test  solution  was  prejiarcti,  of  such  a 
strengtli,  tiiat  each  division,  by  measure  in  tiie  oiiiinary  alkahmeter 
tube,  should  be  equivaient  to  the  one-teoth  or  one-fourth  of  a  graiu 
of  pure  tamun,  aaathiiB  tha  niimbapof  dlTinona  uied  troold  'mSiotJtit 
the  praportion  of  anubUe  taimin  or  substance  precipitablA  by  ge- 
latin contidned  in  any  specimen.  A  given  wttiglife  ii  the  sample 
uader  trial  wn"  then  infuped  in  wntor,  or  if  necessary  the  astringent 
matter  cxinu  ted  by  boihng,  and  the  clear  liquid  preoipitated  by 
the  te-r  <ijluLion  until  no  further  deposit  occurred. 

It  wab  ueceiifiary  in  the  course  of  this  operatioii  to  test  ul  uitervalf 
a  portion  of  the  Mlntum  under  eiainHiatiQn»  to  amrtam  the  pro- 
gren  of  the  trial  i  and  this,  from  the  natme  of  the  pTodpiftato,  wu 
attended  at  first  with  tome  little  difficulty }  paper  filten  were  inad- 
missible from  the  quantity  of  the  solution  they  would  absorb,  and 
thus?  introduce  a  source  of  extensive  error ;  subsidence  rendered  the 
operation  very  tedious.  The  plan  I  have  adopted  is  as  follows  : — a 
piece  of  glass  tubing,  about  twelve  inches  in  length  and  about  half 
an  indh  internal  dhuaetor.  It  eeleetad,  end  tUa  Itte  a  email  pkoe  of 
wet  sponge  loosely  iatrodnoed  into  its  lower  extremity,  and  when 
It  is  wished  to  abstract  a  part  of  the  flnid  under  investigation  for  a 
separate  testing,  this  is  immersed  a  few  seconds  in  the  partially  pre- 
cipitated  solution  ;  the  clear  liquid  then  filters  by  ascent  through  the 
sponge  into  the  tube,  and  is  to  be  decanted  from  its  other  extremity 
into  a  test  glass ;  if  on  adding  a  drop  of  the  guiatm  solution  to 
this  a  fieeh  prio^itate  it  eenied.  the  whole  ia  retnmed  to  the  ori* 
grinal  bnlki  end  liis  process  proceeded  in,  and  so  on  nntil  the  opera* 
tUML  ie  perfbcted ;  this  method  of  operating  is  facilitated  by  conduct- 
ing the  examination  in  a  deep  glass.  After  n  k'w  trials  the  mani- 
pulation will  l)e  found  extremely  vn--y,  and  m  tlu^  ^vay  considerable 
accuracy  may  be  arrived  at^-^ro/H  ^Ae  Proceedings  0/  the  Chemical 
Society.  _ 

OM  rm  TWO  vARiinsa  ov  ABiUiovt  acid.  By  vown. 

Hie  author  first  dyes  a  new  proeesa  for  determining  tiie  quentity 
of  ersenioQi  acid .   This  prooew  is  based  on  the  employment  of  stand- 
ard reagents.    The  reagent  which  he  uses  is  permanganate  of  pot- 
which  M.  >farf^nerlte  has  already  tocoessfully  employed  for  the 

quantitative  determination  of  iron. 

When  a  solution  of  permanganate  of  potash  is  poured  into  a  solu- 
tion of  arsenious  acid,  it  becomes  arsenic  acid,  and  the  red  colour  of 
the  reagent  disappears.  The  liquor  beglna  to  become  coloured  only 
when  the  transformation  of  arsenious  and  is  complete.  When,  then, 
a  standard  solution  of  permanganate  of  potai'h  is  prepared,  the  quan- 
tity of  arsenious  acid  contained  in  any  solution  may  be  determined 
by  that  of  the  permanganate  riMjuired  to  convert  it  intoari^enic  acid. 

M.  Bussy  states  that  the  two  varieties  of  arsenious  acid,  the  vi- 
treous and  opakc,  absorb  the  &ame  quantity  of  permanganate,  and 
consequently  tiiat  the  differences  obserred  In  their  solnlulity  is  not 
denved  from  any  difference  of  oxidiaement. 

With  respect  to  the  solnbiUty  of  the  two  yarietiee  ^  arBeniooa 
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uaA,  M.  Bu^sy  has  arrived  at  the  following  concluakms : — 1st.  Tbe 
vitreoi:?,     far  iioxn  being  less  soluble  in  water  than  the  opake  acid, 
ns  stated  hy  chemi'*t«,  i",  on  tlie  contrary,  much  more  soluble.  This 
diifereucc  is  nearly  in  the  })roportion  of  3  to  1,  at  about:  5,1°  to  53' 
of  F. :  the  same  quantity  of  water  which  dissolves  oi»  tu  o6  partaol 
the  vitreous  acid,  will  take  up  only  12  to  14  of  the  opake.  Sod. 
The  ntraous  edd  disaolves  much  more  r^idly  than  the  opbIdb  uaL 
8fcL  Neither  of  the  wietm  jKMseieee  a  degree  of  wdabititj  whidi 
is  to  be  regarded  aa  atiictly  peculiar  to  it.    4th.  llie  opalce  add 
ifl  conyerted  into  vitreous  acid  by  long  boiling  in  water ;  that  i^  to 
say,  it  then  acquires  the  same  degree  of  solubility  as  the  ^itreou* 
arsemous  acid,  which  is  such  that  11  parts  are  (lissolved  hy  100  of 
w*ater.    .5th.  Uuder  the  influence  of  water  and  a  low  temperature, 
the  vitreous  acid  is  converted  into  opake  acid ;  that  is  to  say,  a  solu- 
tion of  yitROUB  add  hecomea  redooed  after  a  certaiii  time  to  the 
pomt  of  aaturation  which  helonn  to  the  opake  aeid.   6th.  The  mix. 
tore  of  the  two  varieties  of  acid  in  the  same  Mdtitioil  explains  tlie 
anomalies  observed  in  the  solubility  of  arsenious  acid,  which  in  fact 
offers  nothing  opposed  to  the  principles  admitted  by  chemists.  7th. 
Division,  which  facilitatp*^  the  solution  of  the  opake  acid,  without 
however  increasing  its  solubility,  considerably  diminishes  that  of  the 
vitreous  acid ;  and  to  such  an  extent,  that  tins  acid,  reduced  to  fiae 
powder  and  levigated,  ia  not  lenaibly  more  aolnble  in  water  tfaia 
the  opake  add ;  this  resulting  miqnestioiiaibly  from  a  tranafioRnation 
which  it  undergoes,  either  at  the  moment  of  polverization,  or  of  its 
contact  with  water.    8th.  Acid  which  has  been  rendered  o])ake  by 
the  action  of  ammonia,  and  acid  crystallij-od  in  water,  act  similarly 
with  water,  and  apj)ear  to  belong  to  the  samevarietj'.  9th.  Tiie  opake 
acid  dissolves  more  slowly  than  the  vitreous  in  dilute  iiydrochloric 
add.   This  drcomstance,  which  thus  modifies  the  nature  of  tbe 
products  formed  daring  solntion,  explains  why  the  luminoos  phano- 
mena  observed  hy  M.  Rose  in  the  cryatallization  of  the  vitreous  add, 
are  not  in  genend  oheervable  with  so  great  intensity  in  the  solution 

of  the  opake  variety.  1  Oth.  The  difference  which  hns  been  observed 
in  the  action  of  the  two  ar.^enious  acids  on  tincture  of  litmu?  i? 
merely  apparent.  If  the  opake  acid  does  not  redden  the  tincture,  it 
is  on  account  of  its  slight  i^olubiiity,  and  especially  because  it  dis- 
solvea  alowly ;  whilst  the  vitieoua  add,  which  diasoivea  qniddy. 
immediatdy  reddens  the  tinctore.  Bot  if  comparative  e^erimenfs 
be  made,  and  the  tinotore  be  exposed  to  the  action  of  the  powder, 
it  be(x>mc^  irmdually  red.  and  no  diffierence  is  perceptible  at  the  ex- 
piration oi  three  or  four  days.— C0ayfc9  RenAu,  Mai 


ON  THE  FBEPARATION  OP  OUN*COTION* 

Mr.  Cbathupe  recently  forwarded  to  the  Chendeat  Sodety  two 
apecimena  of  gun*cotton,  with  a  view  to  illustrate  the  greatly  in- 
creased  explosive  effects  that  are  to  he  derived  from  a  suhseqnent 

immersion  of  the  gun-cotton,  when  properly  prepared  in  the  ordi- 
naiy  way,  in  a  saturated  solution  of  chlorate  of  potash* 


Digitized  by  GoogI 


hUdUgenu  and  MuceUamous  Arti€k$.         1 5S 


"  Hftving  experimeDted  ivith  soltttkiiift  of  nititfce  of  ammcmia,  ni- 
tnte  of  potasht  nitnte  of  loda,  biekromate  of  potash.  &c.  &e.»  iat 
the  puipoee  of  monattng  the  ezploafe  properties  of  this  intefettiog 

tab^Bneei  I  can  affirm  that  none  of  the  results  will  bear  the  slight- 
est cornpnrison  v.ith  those  obtained  from  the  solution  of  chlorate  of 
potash,  either  in  rapidity  of  ignition  or  in  intensity  of  flame,  The 
process  adopted  for  preparing  the  inclosed  specimens  was  as  lolldw^  : 
viz.  into  a  mixture  of  equal  measures  of  strong  nitrous  ucid  and  uf 
oil  of  vitriol,  spec.  grav.  1*845,  the  cotton  was  unmmed  and  sthrred 
with  a  glass  rod  dming  aboat  thrsa  naimites  t  it  was  then  well* 
wairibed  in  many  waters  and  dried ;  a  portion  of  it  was  then  soaked 
Ibr  a  few  minutes  in  a  saturated  sedation  of  chloiate  of  potash,  well- 
sqoeeced  and  dried." 


OK  BALSAM  OV  TOLU|  AND  SOME  PBODUCTS  DERIVED  FROM  IT. 

M.  £.  Kopp  states  that  tlic  experiments  which  he  has  made  on 

this  substance  confirm  the  greater  number  of  the  results  previously 
obtained.  He  remarks  that  the  balsam  is  composed  of  a  wry  small 
quantity  of  tolene  G'^H"*,  C=75  IT  =  f)-2'» ;  of  free  cinnamic  acid, 
C'»  O* ;  ul  a  resin  very  soluble  m  idcohol,  H- •  O"  ;  of  a  resin 
slightly  soluble  in  alediol»  C»»  H«>  0»,  or  0«  H*o  0">. 

Tom* — This  caiburetted'  hydrogen  was  prepared  by  exactly  fol- 
lowing the  plan  proposed  by  M.  Deville.  It  is  colourless,  very  iuidi 
of  a  penetrating  taste  somewhat  like  pepper*  and  its  smell  resembles 
that  of  elcmi.  Its  density  at  GO"  F.  is  0*858  ;  its  boiling-point  is 
between  3 1 0 '  and  320°  F.  Exposed  in  au  imperfectly  closed  tube, 
it  gradually  becomes  resinous  and  very  slightly  coloured.  M,  De- 
ville gives  as  its  formula  H'^.  M.  Kopp  states  that  his  analysis, 
wbicii  dtffefB  but  little  lirom  that  of  M.  Deville,  indicates  C'o  H«>. 

CUummuf  AeH* — The  free  add  of  balsam  of  Tolu,  as  observed  by 
M.  Fremy,  is  merely  cinnamic  add.  This  fact  <  proved  by  ana- 
lysis, and  by  it>  r  onversion  into  nitrocinnamic  acid,  very  slightly 
soluble  in  cold  alcohol ;  whereas  benzoic  and  nitrobenzoic  acids  are 
very  soluble  in  it.  The  results  obtained  by  M.  Deville  are  probably 
derived  from  his  having  examined  the  acids  procured  by  the  distilla- 
tion of  the  balsam,  or  extracted  by  concentrated  alkaline  solutions. 

M.  Kopp  has  shown  that,  under  theae  two  circumstances,  the  resins 
of  bsJsam  of  Tolu  are  so  changnl  as  to  give  rise  to  a  large  proportion 
of  benzoic  add.  The  resins,  cautiously  distilled  with  caustic  soda,  yidd 
pure  benzoen,  and  a  coaly  residue  which  contains  much  benzoate  of 
soda.  Cinnamic  acid,  mixed  with  cold  concentrated  caustic  soda, 
and  submitted  to  a  current  oi  chlorine,  is  converted  into  cblorocin- 
namic  acid  C"'  (H'*  CI*)  O^.  Tf  however  the  temperature  be  raised 
and  the  action  is  very  strong,  the  chlorinated  oil  de&erii>ed  by  Mr. 
Stmhouse  is  disengaged,  and  chlorobenzoic  add,  C^^  (H*^  Cl«)  0\  is 
formed. 

These  two  acids  strongly  resemble  each  other ;  but  the  latter  is 
more  soluble  in  water  and  in  alcohol,  and  its  salts  crystallize  more 
readily.   Cinnamic  add,  treated  with  concentrated  nitric  add»  is  at 
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first  converted  into  nitrocumamio  add,  thai  into  bemoio  wcoA,  and 
finally  into  nitrobenzoic  acid. 

Cinnamir^  nnd  )>enjsojc  aethers  arc  both,  though  with  preat  diffi- 
culty, converted  into  nitrocinnamic  acid  and  nitrobenzoic  tether. 
There  is  almost  always  a  great  part  of  the  sether  decomposed,  and 
the  acida  are  aet  firee. 

Nitrobenaoic  ftther  ia  aolid,  eolonrlew,  and  of  an  anmiatio  odow 
and  taste.  It  crystallizes  in  fine  rhombic  lamuuc.  Its  melting-point 
is  116°,  and  its  boiling-point  564^.  It  is  easily  obtained  by  exposing 
an  alcoholic  solution  of  nitrobenzoic  acid  to  a  current  of  hydrochloric 
acid  gas.  Its  formula  is  C"  (H^N'O*)  O^  +  C^  H«oO=:C'^  H'^N«0«. 

Nitrocinnamic  ucid  dissolved  in  an  alcoholic  solution  of  sulpliuret 
of  ammania  ia  reduced  with  the  aasiatance  of  a  gentle  heat.  Sniphnr 
ia  deposited,  and  two  distinct  anbatancea  are  formed,  one  of  which  ii 
of  a  yellowish  colour  and  belonga  to  the  daas  of  reaint*  and  the  other 
to  that  of  ulkaloid.s.  The  latter  is  solid,  colourlc5?!?,  crj'stullizcs  in 
small  indistinct  ina.sscs,  insoluble  in  watt-r,  soluble  in  alcohol  and 
in  adher,  and  forms  diificultly  crystallizable  salts. 

Resin  a,  H"  O".  This  substance  is  brown,  translucent,  brittle 
when  cold ;  Its  powder  agglomeratea  at  59^  F.  and  fuses  perfectly  at 
140'^  F.  Coni  nti  ated  sulphuric  acid  imparts  a  purple  colour  to  it. 
When  dissolved  in  potash  and  exposed  to  the  air,  it  is  readily  oxi- 
dized, and  h  converted  into  resin  /I  By  dry  distillation  it  yields 
benzoen  and  benzoic  acid.  It  dissolves  readily  in  alcohol  and  in 
sether. 

Retim  C»  H**  0>.  Colour  dull  hrowniBh-yeUow,  without  taste  or 
amell,  slightly  Aialble  (above  212^  F.),  but  little  soluble  in  alcohol 
or  Bther.  It  is  less  alterable  than  the  preceding  resin.  Sulphuric 
acid  renders  It  of  a  violet  colour ;  potash  dissolves  it  with  a  brown 

colour. 

The  mixture  of  the  two  resins  treated  with  nitric  acid  yields,  as 
gaseous  products,  carbuuic  acid,  nitrous  vapours  and  nitric  oxide ; 
as  volatile  products,  hydruret  of  benzule,  hydrocyanic  add,  and  a 
little  benzoic  acid;  as  residue,  a  flocculent  vdlowish  substance, 
which  is  henzoie  acid  intimately  cond)!ued  with  a  yellow  colouring 
matter  of  a  resinous  nature,  which  destroys  its  crystallizing  power, 
and  accompanies  it  in  all  its  combinations,  even  in  that  of  ajthcr. 
By  the  action  of  heat,  especially  by  distillation,  the  resinous  matter 
is  destroyed,  and  perfectly  pure  benzoic  acid  is  obtained.  The  resia 
yields  nearly  one-third  of  its  weight  of  benzoic  add. 

As  to  the  constitution  of  balsam  of  Tolu,  it  seems  very  simple. 
Primarily  it  is  formed  of  the  soft  resinous  matter  H^'  0^  or  of 
that  which  give?  rise  to  it.  Tliis  resin,  under  the  influence  of  the 
air,  is  converted  into  ciunamic  acid  and  resin  :  C^**  H''-fO-=C** 
H'«0*-f-C"*H^'^0*  +  H^O.  In  fact  it  is  observed  that  m  time 
balsam  of  Tolu  becomes  hard,  and  contains  a  larger  quantity  of  cin- 
namie  acid.  The  resin  G'"  may  itself  easily  fomish  benzoic 
acid  for  C^'H^O^ssO^ff'OHH^O+C^H^  The  carburetted 
hydrogen  perhaps  gives  rise  to  tolcne  ;  but  it  is  more  probable  that 
it  is  converted  by  the  action  of  oxidizing  bodies  into  resinous  colour- 
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ing  mattery  or  perhaps  into  water  and  carbonic  add.'-nilMi.  de  Ck, 

ON  THE  SQUITALENT  OF  TITANIUM.    BY  M.  tSIDOBE  PIKRRB. 

The  author  remarks  that  chemists  generally  agree  that  it  would 

be  diificult  to  add  to  the  precision  of  the  numbers  which  represent 
the  c'lnivulcnts  of  hydrogen,  carbon,  chlorine,  bromine,  iodine,  phos- 
phorus, arf^enic  btuI  silicon,  as  deteriuiaed  by  the  researches  of  Du- 
mas, Murignac  and  Felouze. 

M.  Pieire  thinks  however  that  this  is  not  the  ease  with  titanium ; 
and  that  if  the  labours  of  different  periods  respectiDg  this  substance 
be  exutnined,  it  will  be  evident  that  its  equivalent  requires  renewed 
examination. 

M.  H.  Rose  orig-inally  obtained,  by  variou;^  methods,  numbers 
which  varied  between  360  iiud  430  ;  hut  he  afterwards  found  that 
the  sulphuret  of  titanium  which  he  employed  in  his  experiments^ 
was  procured  free  from  titanic  acid  with  great  difficulty. 

In  his  last  experimentSi  M.  Rose  made  use  of  chloride  of  titanium, 
which  he  decomposed  by  water.  He  precipitated  with  ammonia  the 
titanic  acid  derived  from  this  decomposition,  and  afterwards  treated 
the  filtered  liquor  ^vith  nitrate  of  silver,  in  order  to  separate  the 
cidorine  in  the  stale  of  chloride  of  silver :  this  method  gave  bim 
303*686  as  the  equivalent  of  titanium. 

The  chloride  of  titanium  used  by  M.  Pierre  was  not  prepared  from 
rutil,  but  from  calcined  artificial  oxide  d  titanium :  it  was  free  from 
oxide  of  iron  and  from  chloride  of  silicium,  and  its  boiling-point  was 
perfectly  stationary.  The  chloride  employed  had  been  kept  in  a  small 
tube  from  the  time  of  its  preparation  hermetically  sealed :  it  was 
broken  by  agitation  in  a  8to])pcd  bottle,  one  quarter  filled  with  distilled 
water.  By  frequent  agitation,  without  unstopping  the  bottle,  the 
whitish  cloud  at  first  produced  above  the  liquid  disappears.  Without  > 
this  precaution  there  would  be  a  probable  loss  of  hydrochloric  acid 
in  opcnin<^  the  bottle  too  soon,  or  by  Introducing  the  solution  of 
silver,  which  would  expel  a  small  quantity  of  this  vapour. 

The  foilowinj;  refuU!*  were  obtained  : —  cr. 

I.  Ciiloride  of  titanium  employed. .   U  S213 

saver    1-84533 

indicating  Chlorine    0'6062d 

Titanium  by  difference   0*21727 

These  results  gave  314*76  as  the  equivalent  of  titanium. 

II.  Chloride  of  titanium  employed. .  0*  7  74 

Sil.er   1*73909 

indicating  Chlorine   0*57136 

Titanium  by  difference   0*20264 

These  numbers  give  for  the  equivalent  of  titanium  dl4'd7» 

III.  Chloride  <tf  titanium  employed..  0*7775 

SUver   l-746ia 

indicating  Chlorine    0*57367 

Titanium  by  dilfercnce   0*20383 

Jlxe  equivalent  of  titanium  deduced  from  this  experiment  is  314*94. 
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IV.  Chloride  of  titanittm  employed. .  0*716 


SUver   1-61219 

indioatmg  Chlorine   0*52966 

Titanium  by  difference   0*18634 

Equivalent  of  titanium  311*84. 

V.  Chloride  of  titaniwin  emjiloyed, .  0  80>^n 

Silver   1-82344 

indicating  Clilorinc   0'59907 

Titamitm  by  difference   0*20948 

Equivalent  of  titenium  809*S8. 


The  three  first  numbers  agree  perfectly,  but  the  two  latter  are 
notably  less,  especially  the  l£^t»  since  it  differs  from  the  three  first 
hy  five  whole  numhen,  or  more  than  1^  per  cent.  It  was  dUBcnlt 
,  to  attribute  this  difference  entirely  to  deficient  precision  in  the  me- 
thod used.  It  occurred  to  the  author  that  it  might  be  owing  to  the 
partiiil  decomposition  of  the  chloride  of  titanium,  by  the  moisture  of 
the  air  (hiring  manipulation,  and  this  was  soon  iound  to  be  the  case 
by  direct  experiment. 

M.  Pierre  proposes  to  adopt,  as  the  nearest  approximation  to  tmA, 
S14*69,  the  mean  of  the  three  first  experiments,  as  the  equiTalent 
number  for  titanium. 

This  number  is  very  different  from  355  defkired  from  G  536,  the 
density  of  the  vapour  of  the  chloride  of  titannnu  observed  by  M. 
Dumas.  Its  density,  calculated  from  3X4*69,  would  be  6  614. — 
Ann,  de  Ch.  et  de  Ph^s.,  Juillet  1847. 


ON  A  MODIFICATION  OF  THE  APPARATtJS  Oi-  VARRENTRAPP  AND 
WILL  FOB  THE  ESTIMATION  OF  NITROGEN.  BY  WA&RSM  DS 
LA  RT7B. 

My  aiu-nuuu  having  been  called  to  a  communication  by  Mr.  Alex. 
Kemp  in  tiie  number  of  the  '  Chemical  Oaxette'  fiir  the  1st  of  April 
1847,  in  whieh  he  describes  a  modification  of  Messrs.  Varrentrspp 
and  Will's  tube  for  nitrogen  determinations,  of  a  very  similar  con- 
struction to  one  I  employed  as  far  back  as  November  1845  in  the 
laboratory  of  the  Royal  College  of  C'lieniistry,  and  which  1  li  u  c  re- 
peatedly shown  to  my  friends,  I  am  induced  to  lay  bclure  tiic  So- 
ciety a  description  of  my  form  of  apparatus,  which  difieis  somewhat 
from  that  described  by  Mr.  Kemp. 

By  the  drawing,  it  will  be  seen  that  the  tube  BE,  instead  of 
opening  immediately  into  the  bottom  of  the  flattened  bnlb  C,  is  pro- 
longed and  rises  for  some  distance  into  the  bulb  curving  over  to- 
wards itb  side ;  in  this  respect  Mr.  Kemp's  apparatus  does  not  differ 
materially  from  mine.  I  found  it  necessary  however  to  have  a  third 
bulb  (D)  blown  (which  is  best  of  a  spheroidal  form),  in  order  to  ef* 
fsetoaUy  prevent  the  acid  from  being  drawn  into  the  tube  O  when- 
ever a  sudden  absolution  took  place  ;  this  third  bulb  communicates 
with  C  by  a  narrow  neck.  If  the  appaiatus  be  oonitmcted  without 
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the  third  bulb  0,  a  portion  of  lluld  generaUy  passes  into  the  tube  G 
from  the  rotary  motion  induced  in  the  fluicHn  C. 

The  dotted  line?  indicate  the  height  ot  Huid  in  the  bulbs,  and  this 
quantity  is  quite  sulKeient  for  the  condensation  of  all  the  ammonia 
likely  to  be  formed.  I  would  remark,  that  if  during  the  progress  of 
the  combosdoa  a  cessation  of  the  production  of  gas  should  occur, 
the  construction  of  the  apparatus  is  such  as  to  prevent  the  whole  of 
the  add  ever  being  carried  over  into  the  bulb  C.  so  that  on  the  evo- 
lution a^ain  commencinG:  no  fear  need  be  entertained  for  tlie  com- 
plete condensation  of  the  ammonia. 

It  only  remains  for  me  to  add,  that  though  tiiis  new  form  of  ap- 
paratus is  not  so  readily  rinsed  out  as  the  niginal  one^  of  Messrs. 
Varrentrapp  and  Will,  no  great  inconvenience  is  experienced  irom 
that  cause,  as  the  acid  can,  at  the  close  of  the  operation,  beeasOy 
caused  to  flow  into  the  bulb  C  and  out  at  the  tube  G,  by  properly 
inclining  tlie  bulbs,  &c.,  and  when  this  is  done  water  or  alcohol  may 
be  introduced  by  a  pipette  through  the  limb  H. 


From  the  Proceedings  of  the  Chemical  Socieiy, 


ON  THE  DETECTION  OP  COTTON  IN  LINEN.     BY  G.  C.  KINDT. 

This  subject  has  frequently  cni^nged  the  attention  of  commercial  and 
scientific  nwn  ;  many  experiments  have  been  made  in  order  to  detect 
cotton  tlireud  in  lineu ;  many  processes  have  been  recommended,  but 
none  have  hitherto  proved  satisfkctory.  I  was  therefore  much  sur- 

{irised  when  a  Ktranger,  a  few  weeks  ago,  showed  me  a  sample  of 
inen  from  tlie  one-half  of  whicli  all  the  cotton  filaments  had  been 
eattni  away.  Me  had  obtained  it  iti  Hamburg,  and  asked  me  whether 
1  could  give  him  a  process  for  effecting  thi-j  purpose.  Now  since, 
as  far  as  I  am  aware,  nothing  ha^  been  publislicd  on  this  subject, 
and  it  is  of  very  general  interest,  I  consider  it  a  duty  to  communi- 
cate the  results  of  my  experiments.  I  had  already  observed)  in  ex- 
perimenting with  explosive  cotton,  6ax»  &c.,  that  these  two  sub- 
stances behave  somewhat  differently  towards  concentrated  acids; 
and  although  it  has  long  been  known  that  strong  sulphuric  acid  con- 


Digitized  by  Google 


15S  Jnieliigence  and  Misceliatieous  Ar ticks. 


▼ttrH  sIlTiigtlftble  fibre  into  gtiiDi  and  when  the  action  it  eootiiraad 

for  a  longor  period,  into  sugar,  I  found  that  cotton  was  metamor- 

*  phosed  much  inorf  rapidly  by  the  su!]i!mric  acid  than  flax.  It  is 
>  therefore  hv  lut       oi'  nmcenfraied  .su/phnric  arid  that  cotton  may 

be  reuioved  Irom  linen  wheu  mixed  with  it ;  aud  this  object  mu)  be 
obtained  by  the  following  prooe«t*— 

Tbo  eemple  to  b«  wmmincd  mselbe  fineed  m  peifeoily  w  poMible 
from  all  drenlllg  by  repeated tneliliig  widi  liot  rain-  or  river-wnteTt 
boilii^  for  sone  length  of  tiai%  nnd  enbsequent  rinsing  in  th^  same 
water;  nnd  T  ma}'  expressly  observe,  that  its  entire  removal  is 
requisite  tor  tin  (  xpcriment  to  sucoeed.  When  it  lias  hern  '.veil- 
dried,  the  sample  is  dipped  tor  about  half  its  length  into  ( uuunon 
oil  of  vitriol,  aud  kept  there  for  about  half  a  miuute  to  two  uiinutes, 

•  Booordiog  to  tlie  etrength  of  iiie  tivne*  TJie  inuneieed  portion  m 
I  Men  to  MOome  tnunpiiient.  It  is  now  placed  in  weter«  wliieli  die* 
;          lolvee  oat  the  gummy  nnie  produced  from  the  cotton ;  this  solution 

may  be  expedited  by  a  gentle  rubbing  with  the  fingers ;  but  since 
it  is  not  easy  to  remove  the  whole  of  the  acid  by  repeated  washing 
in  fresh  water,  it  is  advisabU*  to  immerse  the  sample  for  a  few  in- 
stants in  spirits  of  hart^huru  (puiihed  potash  or  s»oda  liavejust  the 
same  eQect),  and  then  to  wash  it  again  with  water.  After  it  lias 
been  freed  fnm  the  greater  portion  of  tlie  moisture  by  gentle  press- 
ure  between  blotting-paper,  it  is  dried.  If  it  contained  cotton,  the 
cotton  threads  are  found  to  be  wanting  in  that  jiortlon  wliich  had 
been  immersed  in  the  acid  ;  and  by  eountinr^  tlte  ihrt  adji  <if  the  two 
'.  portions  of  the  .sample,  its  quantity  may  be  very  readily  estimated. 

If  the  ^►aniple  has  been  allowed  to  renmin  loo  long  in  gulphurie 
acid,  the  linen  threads  likewise  become  brittle,  or  even  eaten  away  ; 
if  it  were  not  left  a  snflteient  time  in  it,  only  a  portion  of  the  cotton 
tlireads  liare  been  removed ;  to  malte  this  sample  nsefuli  it  most  lie 
washedi  dried,  and  the  immersion  in  the  acid  repeated.  When  tlie 
tissue  under  examination  consists  of  pure  linen,  the  portion  im- 
mersed in  the  acid  Hkewisr  becomes  transparent,  but  more  slowly 
and  in  a  uniform  manner,  whercub  in  the  tnixed  texture?  the  cotton 
tlireads  are  already  perfectly  transparent,  while  the  linen  threads 
still  continue  white  and  opake.  The  sulphuric  acid  acts  upon  the 
flax  threads  of  pare  iinen,  and  the  sample  is  even  somewhat  trana- 
parent  after  drying  as  far  as  thi>  ac  id  acted  upon  it»  but  aE  the 
threads  in  the  sample  can     seen  in  tl  ir  whole  course.  • 

Cotton  stuffs  containing  no  linen  di-  <  (piiekly  aiid  cntinly  in 
the  acid;  or  If  left  but  one  in>tant  in  it,  beconiL'  so  brittle  and 
gummy  tli;jt  fio  one  will  fail  to  n  coLrni^e  it  as  cotton  when  treated 
in  the  above  mujiuer. — Liebig  s  ,  1-,  //  /c/*,  Feb. 


THE  PLANET  HEBE*. 

On  July  1,  M.  Henke  of  Driesscn  in  Prussia,  discovered  finfttbCT 
planet,  which  appears  to  belong  to  the  singular  group  lying  between 
tlie  orbits  of  Mars  and  Jupiter.   It  was  fi»t  observed  accurately  at 

*  Gomannlctted  liy    R,  Hind,  BKhFJtA  J3» 
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Beilia  liy  Prof.  BnidEe  <m  July  5,  and  since  that  date  observations 
have  been  made  very  generally  at  the  diflfcrent  European  observato* 
rics.  The  foUowiug  m  tht  etemento  according  to  different  calou- 
lators;^ 


AJyiroBoUa. 

July6*418$l8alb. 

July  ft  0iMMikh4 

M«in  w^nsaly  

Sin- 1  e   

26B  55  5^-5 
19   4  14-9 

138  5  31 
14  88  6M 
10  41  16-7 
0-d778460 

283   b  ^4-6 
9  3  9-6 
138  1$  \6'2 
14  48  88-8 

13    f)  IK-2 
i  a-385d2(i8 

383  56  54-0 
8  17  34-1 
137  35  35  1 
15  8  58-1 

13  Ift  I'o  rt 

Tbe  longitades  id  fint  uid  aeoand  set  are  cooated  from  M.  £qul- 
BM  of  l$47'0 1  In  the  third  aet  from  M.  Bqnmoz  of  July  0. 

UBTSOROLOOICAL  OBSAAVATIONS  FOR  JUNK  1847* 

Cftiimck. — June?  -.1.  Clear  and  very  fine.  4.  T>v^'ltf  rlotir!'  nnd  fine.  5. 
Cloudy.  6.  Light  clouds :  cltfar.  7.  Clear :  cloudy*  liain  :  thundc-r-showers. 
9.  Clear  and  fine.     10.  Rain:  ckudy:  clear.     II,  It.  Clear  and  very  fine. 

15.  Rain  :  cloudy.  H.  Densely  clouded  :  showery.  15.  Rain:  thunder  and 
heavy  i^iowers.  16.  Cloudjr :  laia.  17f  18.  liain.  19.  Cloudy  and  tine.  20. 
Cloudy :  fclight  dwwm.  81.  Cloady  i  in*.  99.  Vtry  8««.  09k  Very  fine  3 
heavy  showi  rs,  with  thunder.  24.  Cloudy  and  fine.  25.  Rain  :  cloudy  and 
tine.    26.  Very  fine.    27.  Drizzly  :  cloudy  and  fin*.  SO.  FlM.   89.  Very  fine. 

90.  lAft,\M  clouds :  very  fine :  overcast. 

Mean  temperature  of  the  month   »..•*••*•...••   58^*4G 

Mean  temperature  of  .June  IS-IG   66  '63 

Mean  temperature  of  June  for  the  last  twenty  yean    66  *90 

Afwiftaaioiimof rdnin  JtuM   l*88iiidb 

Boston.— JuM  I — 4.  Fine.  5»  6.  Cloudy.  7.  Fine.  8.  Fine  :  rain  early  a. m« 
9.  Fine.  10.  Cloudy  :  rain  early  a. m  ,  ?  ^howtry  nil  day.  11,19.  Fine.  13. 
Cloudy  :  rain  early  a.h,  14.  Cloudy  :  lain  early  a,u*  :  rain  r.M.  15.  Fine  : 
ndnMb  18.  VUmt  rain  a.m.  and  r.M.  17.  Fine.  18.  Cloudy:  rain  early 
A  M. :  heavy  rain  r.M.  19.  Cloudy :  rain  early  a.m.  20.  Cloudy  :  rain  a.m.  and 
r.M.  21.  Cloudy:  raio  r.M*  22,23.  Fine:  rain  r.M.  24.  Rain:  rain  r.21. 
85.  FlMi  nda  v.k.  96.  VSMh  87.  doady,  08>  FbNk  88^  80k  Cloudy.^ 
This  month  has  bmi  tke  eoUast  since  184%  and  tlif  WMIast  since  June  18i  1. 

.9,fn.{,rl>^l-  }fnnTf,  Orf:""-f. — June  1,2.  Cic.ir  :  fine.  3.  Cloudy  ,  fog.  4.  Rright: 
cloudy.  5.  Showersi ;  ciotidy.  G.  Bright ;  cloudy.  7.  ^towers,  a.  Bright  t 
drops.  9.  Cloudy:  rain.  10.  Showers:  sleet-Aowvra,  11.  Bright:  cloudy. 
12.  Cloudy.    13.  Cloudy  :  ruin.     14.  Rain  :  damp.    15.  Cloudy  :  rain  :  cloudy. 

16.  Cloudy:  tine.    17,18.  Bright:  fine.    19.  Clear  :&ne.    80.  Bright:  rain. 

91.  Sbowerst  cliar.    98l  Brirttt  iboirtnt  Om^    88.  Bri||litt  tkomm,  H» 

Bright  :  thunder:  drops.    25.  Bright:  thunder.    20.  CUw:  IMw    ST.  Damp. 

88.  Cloudy.    'J9.  Tog  :  cloudy.    '.iO.  D«n  n  fog. 

Jpplegarih  iiaHU\  Dun^net-$hire, — June  i — 3.  V«y  fina.  4.  Warm,  but 
OTercast  5.  Mr  a.m.  :  showen  p.m.  9.  FUfar  a.m.  7.  Thicataning :  rain  r.M. 
8.  Sliffht'showor.  9.  Fair  t'mnder  :  rain.  10.  Fair  :  da«r.  1 1.  Fair,  hut  cool. 
IS.  Cloudy:  rain  p.m.  13.  Rain.  14.  Fine:  tbundtr:  ndn.  15.  Driuly; 
tkimdtr.  lOL  Bright  A«mtffili).  17.  DrWy.  18.  FilrandSM.  I9i  Fine: 
a  few  drops.  i'O.  Rain  v.  i.  21.  Wet  a.m.  :  cleared.  22.  Showery.  23.  Fine, 
very :  slight  shower.  ^4.  Showery  :  thnnf'cr.  25.  Showers .\..\t.  :  tfaooder.  SOt 
Slight  shower  r.M.    27.  Shower  a.m.  :  tair.    28 — 30.  Very  line. 

MtantmpBrntim  of  the  month    55^-2 

Mean  temperature  of  June  184G   63  '2 

Mean  temperature  of  June  for  25  years    56  '10 
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XXIX.  On  certain  Products  of  Drcompositiou  of  the  Fixed 
Oils  in  conlacl  with  Sulphur.  By  1'homas  Anderson,  Esq,^ 
M.D,,  F.R.S.E.f  Lecturer  on  Chemistry y  Edinburgh*, 

U  ME  ROUS  researches  have  established  as  a  general  rule 
that  the  products  of  the  decomposition  of  orijnilic  «-nb- 
stances  vary  with  the  cpa  nrnstnnrcs  of  the  pxp(  rimcut,  mul  tlie 
nature  ofthe  nirenta  under  the  influence  ot  winch  itisperlorrned. 
If,  Jbr  instance,  we  examine  the  action  of  heat  alone,  we  find  it 
causing  a  set  of  decompositions  specially  charactei  i/cci  by  ihe 
evolution  of  carbonic  acid,  formed  by  the  union  of  part  of  the 
ctrboii  of  the  subsUuioe  with  the  whole  or  part  of  its  oxygen ; 
and  this  action  is  rendered  more  deOnite,  and  the  number  of 
the  products  circumscribed  by  iJl  circumstances  facilitating 
the  formation  of  carbcmic  acid,  such  as  ilic  presence  of  abase^ 
which  will  even  cause  its  evolution  when  heat  alone  is  inca- 
pable of  producing  decomposition.  Acids,  on  the  other  band, 
nave  a  precisely  opposite  effect ;  they,  in  some  instances,  alto- 
gether prevent  the  formation  (>f  Cfirbonic  acid,  nrul  cnu'^e  the 
oxygen  to  exert  its  action  on  the  hydrogen  of  the  compound, 
and  to  eliminate  one  or  more  atoms  ot  water  which  do  not 
generally  exist  ready  formed  in  it, 

lu  tliese  particular  instances,  decouiposiiion  tiikes  place  at 
the  expense  of  the  constituent  atoms  of  the  compounds  them- 
selves^  the  estnneons  snbstanoes  serving  merely  as  disponents 
to  the  oxidation;  in  the  one  case  of  part  of  their  carbon,  in 
the  other  of  thehr  hydrogen.  But  there  is  another  class  of 
agents,  which,  besides  eliminating  one  or  more  substances,  are 
capable  at  the  same  time  of  entering  into  union  with  the  resi- 
doal  atoms,  and  forming  a  new  derivative  of  the  original  com- 
pound.  The  best  investigated  of  tliis  class  of  agents  are  chlo- 

*  Read  before  the  Royal  Society  of  Edtnbuifh  on  the  19tb  of  April, 
1847,  and  published  in  their  Tran^ctioiit,  vol.  xfi  part  ^  pu  308. 
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rine,  bromine,  nitric  acid  and  ammonia ;  the  three  former  of 
which  exert  their  action  on  the  hydrogen,  the  latter  on  the 
oxygen  of  tlie  substance,  and  form  compounds,  the  complete 
investigation  of  which  is  important,  not  merely  in  a  ]>urely 
chemical  point  of  view,  but  also  from  the  light  which  they 
seem  likely  to  throw  on  the  general  question  of  the  atomistic 
constitution  of  matter.  In  fact,  t!ie  great  object  of  the  re- 
searclies  of  or^imic  chemistry  at  the  present  moment  is  that 
ol"  (lovelopijig  the  relations  wliich  the  individual  nfonis  bear 
to  tlic  molecules  of  their  conijiound,  by  a  knowledge  of  which  • 
we  hope  eventually  to  arrive  at  some  definite  conclusions  uuli 
regard  to  the  mode  in  wliicli  the  elementary  atoms  are  grouped 
together  in  a  complex  molecule.  Almost  ail  the  scanty  iu- 
formation  which  we  posMSS  on  this  subject  has  been  derived 
from  investigating  the  products  of  the  action  of  difleirent  agents 
upon  organic  subitances ;  and  it  is  sufficiently  obvious,  that 
the  more  vitrted  the  clrcumstancMy  and  numoroilt  thtt  points 
of  view  under  which  these  reaction!  can  bs  eKitmtnedy  so  much 
the  more  l\kt\y  Are  we  to  arrive  at  definite  results. 

It  was  the  consideration  uf  these  pointi  which  led  me  to 
undertake  nn  investigation  into  the  nature  of  the  action  of 
sulphur  in  the  free  state  upon  organic  compounrls,  a  subject 
hitherto  totally  uninvestigated,  unless  we  except  the  curious 
researches  ofZeij^e*  on  the  simullain  <  us  action  of  annnonia  anil 
sulphur  upon  acetone,  which  yields  a  variety  of  renmvkabie 
products,  the  properties  of  which  he  has  described,  wiiliout 
however  delermininij  tin  i r  constitution.    The  results  at  which 
,  I  have  already  ai  i  i\ed  ui  these  researclieii  are  coniaiiieil  in 
the  following  pages.    They  are,  however,  to  lie  considered 
onl^  as  the  commencement  of  die  investigation ;  and  I  am 
desirous  of  submitting  them  to  the  Society  even  in  Uieir  prectnt 
ver^  imperfect  stAte»  as  it  is  impossible  to  Hk  a  period  within 
which  a  series  of  researches,  surrounded  by  so  many  diffienU 
ties,  can  be  completed.   No  one  who  has  not  been  apeetaUy 
occupied  with  such  experiments  can  have  any  conceptioii  of 
the  numerous  sources  of  annoyance  which  they  presem,  and 
of  the  expenditure  of  time  and  labour  which  is  necessary  for 
their  performance.    Indeed,  I  have  more  than  once  fell  in* 
clincd  altogether  to  abandon  a  subject  occupying  so  much 
lime  in  proportion  to  the  results  obtained,  and  the  completion 
of  which  is  further  protracted  by  the  nauseous  odour  of  the 
compounds,  which  is  so  disgusting  that  it  is  impossible  to 
pursue  the  inv\p5^tigation  for  any  length  of  lime  continuously. 

At  the  commencement  ol"  these  l  ebcarchci.  1  cntleavoured  to 
examine  the  action  of  sulphur  upon  some  of  the  simpler 
*  VoifhoHdlingar  md  de  Skandinwiska  Naturforskanm  U'c^emiitep  p.  303. 
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orcffiTjic  compounds,  in  the  hope  of  arrivincr  at  results  of  cor- 
responding simplicity.  My  expectntions,  however,  were  dis- 
appointed, and  I  wa^  ohlii^ctl  lo  Imve  recourse  to  the  fixed 
oils,  on  which  siilpbiu  lias  been  lung  known  to  exert  an  action; 
the  product  obtained  by  heating  toj^ether  olive  oil  and  sulphur 
until  a  uniloiiii  balsam-hke  subaiaiice  was  formed,  having 
been  employed  in  medicine  by  the  older  physicians  under  the 
name  of  the  balsam  of  sulphur. 

The  phanomena  which  manlfint  themselm  durioff  the 
mtitaal  action  of  tnlphtir  and  a  fixed  oil  are  these : — At  the 
ftrst  application  of  heat»  the  sulphur  melts  and  forms  a  stratum 
at  the  hoCtoro  of  the  oil ;  but  as  the  temperature  rises  It  slowlv 
dissolves^  with  the  formation  of  a  thick  visoid  fluid  of  a  dark 
red  eokmr.  As  the  heat  approaches  that  at  which  the  oil 
undeiKoes  decomposition  when  heated  nloiie^  a  violent  action 
takes  place  attended  by  the  evohitioQ  of  sulphuretted  hydrogen 
in  such  abundance,  that  the  viscid  mass  swells  up  and  occupies 
a  space  many  times  its  original  bulk.  If  at  this  point  the 
mixture  be  allowed  to  cool,  it  concretes  into  a  tough  sticky 
tenacious  mass,  adhering  stronc^ly  to  the  fingers,  nnd  having 
a  disagreeable  sulphureous  odour:  ii  however  the  h<pat  be 
sn«!ta!ficd,  the  frothing  and  evolution  ofsulphuretted  liydroLren 
contmue,  and  at  the  same  timr  nu  oil  of  a  peculiar  tlii»gubUng 
odour,  resembling  ibatol  garhc,  but  more  disagreeable^  passes 
into  the  receiver. 

In  the  investicration  of  the  products  of  this  action,  the  first 
aiul  must  cbseniial  step  was  to  deleriuiiic  the  particular  con- 
stituents of  the  oil  from  which  they  are  derived.  In  order  to 
do  thlsy  it  was  necessary  to  examine  separately  the  action  of 
enlphur  upon  each  of  its  components.  I  commenoed  thertfoiw 
by  making  use  of  stearic  acidf  which  can  be  readily  obtauied 
In  a  pure  state  t  experiment  however  showed  that  none  of  the 

Seen  liar  products  were  derived  from  it;  for  when  mixed  with 
aif  its  weight  of  sulphur  and  distlltedf  mere  traces  of  sulphu- 
retted hydrogen  were  evolved^  and  the  products  were  Identical 
with  those  obtained  from  the  unmixed  acid,  llie  nauseous 
smelling  oils  being  then  obviously  derived  either  ftom  the 
oleic  acid,  or  the  glycerine  of  the  oil,  I  prepared  a  quantity 
of  pure  oleic  acid,  by  the  decomposition  of  tne  aethereal  so1u-> 
tion  of  the  oleate  of  lead.  This,  when  mixed  with  half  its 
weight  of  sulphur,  and  distilled  in  a  capacious  retort,  under- 
went decomj^osition  precisely  as  the  crude  fixed  oil  did  ;  sul- 
]>htiretted  hydrogen  was  developed  in  great  abundnuce,  nnd 
tlic  pioduct  of  the  distillation  could  not  be  distinguished  troui 
that  winch  i  1  id  previously  obtained.  I  waa  unable  to  obtain 
l^lycerine  in  sullicient  quantity  to  make  a  separate  investiga- 
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tion  of  the  products  of  its  deoomposidon ;  but  diese  must  also 
be  pecuIiariSS  I  could  not  distinguish  the  presence  of  acroleiiie 

during  any  period  of  the  distillation  of  an  oil  with  sulphur. 

The  product  of  the  distilladon  of  oleic  acid  was  in  the  form 
of  a  reddish-brown  oil,  having  an  extremely  nauseous  oilour, 
in  which  that  of  sulphuretted  hydrogen  was  apparent.  When 
rectified,  ifiis  sulphuretted  hydrogen  was  driven  ofii  and  the 
first  portions  wliicli  distilled  were  perfectly  tran«5parent  and 
colourless.  As  the  process  continued,  however,  the  products 
became  ofradually  darker  in  colour,  and  the  last  portions  which 
clistilleil  l)i:came  semisolid  on  standing,  from  the  tlej)osition  of 
a  quantity  of  white  crystalline  plates.  These  were  separated 
by  filtration  through  cloth,  expressed  strongly,  and  purified 
by  successive  crystallizations  from  a1cohol»  until  they  were 
entirely  free  from  smell  and  colour.  The  product  was  then 
in  the  form  of  white  pearly  scales,  which  possessed  acid  pro- 
perties^ and  were  totally  insoluble  in  water ;  they  were  not 
therefore  sebacic  acid,  no  trace  of  which  could  be  discovered 
among  the  products,  but,  on  the  contrary,  possessed  all  the 
properties  of  margaric  acid.  These  crystals  were  obtained 
from  quantities  ol"  oleic  acid,  prepared  at  diflercnt  times,  and 
with  the  greatest  possible  care,  and  nuist  have  been  foriried 
during  the  decomposition.  In  order  however  to  set  tiiij>  jiomt 
at  rest,  some  of  the  same  oleic  acid  was  distilled  alone,  wlu  n 
aljundanceof  sebacic  acid  was  obtained,  and  the  laittr  poi  lions 
of  the  rectified  product  did  not  deposit  any  crystals  on  cooling, 
l>ut  remained  perfectly  fluid.  As  this  solid  acid  is  produced 
only  in  comparatively  small  quantity,  and  I  was  unable  to 
obtain  enough  of  oleic  acid,  I  made  use,  in  preparing  it  on  the 
large  scale^  of  pure  almond  oil,  which,  aeoorduig  to  Schlibler 
and  Gasserowy  is  entirely  free  of  margarine.  The  oil  which 
I  employed  was  exf>ressed  specially  for  these  experiments^  at 
a  temperature  slightly  above  32°;  and  in  order  to  satisfy 
mysell  oftlie  absence  of  mnr'_r'ir!e  ncid  in  the  products  of  its 
ordinary  decomposition,  a  quantity  was  distilled  alone,  and 
the  product  rectified.  The  latter  portions  being  collected 
apart  did  not  deposit  mnrgaric  acid ;  and  this  I  have  also 
founci  to  be  the  case  with  the  ordinarv  almond  oil  of  com- 
im  ice,  in  the  expression  of  which  a  moderate  degree  ol  lieat 
is  employed. 

In  distilling  the  oil  and  sulphur  on  the  large  scale»  it  be- 
came impossible  to  perform  the  process  by  the  simple  admix* 
ture  of  the  substances,  the  frothing  being  so  great  as  inevitably 
to  expel  the  materials  from  the  retort*  After  a  trial  of  various 
methods,  I  found  it  most  convenient  to  employ  the  apparatus^ 
of  which  this  is  a  sketch.   The  oil  was  introduced  Into  a  large 
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glass  baHoon*  to  the  mouth  of  which  two  tubes  were  adapted* 
one  descendiug  to  near  the  middle^  and  furnUhed  with  a  cork 


at  the  upper  end*  the  other  which  constituted  the  neck  of  the 
distilling  apparatus  passed  into  n  tubulated  receiver,  kept  cold 
by  immersion  in  water  or  ice.  To  the  tuhulatiue,  a  doubly 
bent  tube  was  aftixcd,  whicli  descciult- d  iiilu  a  vessel  ofalcohol, 
Ibr  the  purpose  of  rcluiuing  any  ot  the  more  volatile  |>oriions 
which  ini[]^liL  be  curried  over  by  the  rapid  current  of  sulphu- 
retted li  vdi  o;»en.  The  heal  must  be  n|>plied  by  means  ot*  an 
open  charcoal  lire;  and  liie  furnace  should  be  bo  constructed 
that  the  fire  may  be  rapidly  withdrawn  in  the  event  of  ihe 
action  becoming  too  violent.  It  is  very  desirable  too  that  the 
balloon  should  go  down  into  the  furnace*  so  that  it  may  be 
entirely  surrounded  bpr  hot  air.  The  oil  is  introduced  into 
the  balloon*  of  which  it  must  not  occuny  more  than  a  fifth*  or 
a  fourth  at  most*  along  with  a  few  small  pieces  of  sulphur*  and 
heat  is  gradually  applied.  So  soon  as  efiervescence  com- 
mences, the  cork  of  the  small  tube  is  withdrawn,  and  a  small 
piece  of  sulphur  is  introduced  ;  and  this  is  continued  gradually, 
so  as  to  keep  up  a  uniform  action.  A  dark  reddish-brown 
oil  passes  into  the  receiver,  and  at  the  san>e  lime  sulphuretted 
hydrogen  passes  in  torrents  through  the  alcohol ;  it  there 
deposits  a  certain  quantity  of  oil,  aud  on  escapiug,  may  be 
kept  burning  during  the  whole  upcration,  with  a  iluuie  eight 
or  nine  inches  high.  The  principal  difiiculty  of  this  process 
consists  in  regulating  the  heat*  so  as  to  keep  up  a  steady  action* 
If  the  heat  be  allow^  to  fall*  the  contents  of  the  balloon  be- 
come so  viscid  as  inevitably  to  boil  over;  and  at  the  same  time 
too  high  a  temperature  causes  the  whole  action  to  gq  on  with 
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excessive  violence.  I  have  »Tenernl]3'  operated  on  quantities 
of  three  pounds,  enrh  ot"  which  requires  n  complete  day  for 
its  (hstilhition,  din  in;^  which  time  the  operator  must  never 
leave  it,  but  constantly  attend  to  the  refrulution  of  the  heat, 
and  the  gradual  addition  of  sulphur  in  si.iall  (|UiiiiULlt.^.  \\  lien 
a  quantity  equal  to  about  half  the  oil  employed  iias  distilled 
over»  tlie  remaining  mass  beeomea  excessively  viscid ;  and  jusl 
at  this  point  the  bsJloon  frequently  cracks,  the  contents  escape, 
and  the  whole  catdies  fire^  and  blazes  off  with  a  bright  yel- 
low flame  and  smell  of  sulphurous  acid. 

The  product  of  this  distillaUon,  which  exactly  resembled 
that  of  the  pure  oleic  acid^  was  rectified^  and  the  crystals  which 
deposited  from  the  latter  portions  were  expressed  and  purified 
by  successive  crystallizations  in  alcohol.  They  then  presented 
all  the  characters  of  roargaric  acid,  and  gtivti  (he  following 
re.sults  of  analysis  :  — 

5*275  grains  ol  the  acid  frave 
I.  ^  14> '558     ...      carbonic  acid,  and 
5*919      ...  water. 

6-358  grains  of  the  acid  gave 
11. 17*578  carbonic  acidy  and 

7*212      ...  water. 

Which  gives  the  following  results  per  cent.: — 

Experiment.  Calculation. 


r~   ^       <   \ 

h  II. 

Carbon    .   75*S7  75*40  75*55      C94  2500*0 

Hydrogen    12-51  19*66  lS-59      H^^  425*0 

Oxygen   >    12*28  11«94  11-86      O4  400*0 

100-00      100-00      100-00  9325-0 

These  rei»ults  apfrce  coinj)letely  with  the  formula  formar^aric 
lu  111,  and  were  fmihcr  confirmed  by  Uie  analysis  of  its  silver 
bail  uiid  Luiher. 

4*643  grains  of  the  tiilver  salt  gave  i'd25  of  silver  ;z  28*55 
per  cent. 

7-026  grains  of  tJie  silver  salt  gave  2-284  of  silver  z2B*70 
per  cent* 

The  calculated  result  for  margaratc  of  silver  gives  28*65 
per  eent 

The  a:tlicr  waji  prepared  in  then.sual  manner,  b)  dissolving 
the  acid  in  absolute  alcohol,  and  pai^sing  dry  hydrochloric 
acid  gas  throu^  the  solution.  The  product,  winch  possessed 
all  the  nroperties  of  margarlc  «ether,  gave  Uie  following  re- 
sults or  analysb: — 
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B'TiOG  grains  of  the  aether  gnfe 
662      ...      carbonic  acid| 
6-399      ...  water. 

I  ^  


Carbon  .  .  76'3S  76-51  Cgg  2a5(H> 
Hydrogen  •  12*70  12*74  Hag  475*0 
Oxjrgen       •    10^7      10*79   O4  400*0 

100-00      100-00  8725*0 

These  analyses  establish,  in  a  saliblactory  manner,  that  the 
uciii  produced  was  niai  i^uric  acitl.  It  is  scarce!)'  possible  how- 
ever, ill  the  present  stale  of  the  investigation,  to  f^ive  any  thing 
like  a  rational  explanation  of  tlie  mode  in  wliich  it  is  here 
formed.  Its  production  from  oleic  acid  has  been  already 
obl^rved  by  Laurent  as  the  first  product  of  oxidation  nitric 
•cidi.  but  the  action  of  sulphur  is  certelnly  of  a  very  different 
duuraicttn  (iq4  oapnot  be  considered  as  bearing  any  analogy 
to  diat  of  fin  OKidising  ogenU  The  quantity  of  margarlc  add 
|iroiduced  does  not  appear  to  be  constapt»  but  varies  with  the 
rapidity  of  the  distillationt  Md  is  always  most  abundant  when 
it  IS  slowly  performetl. 

The  oil  which  distils  previous  to  and  along  with  the  mar- 
garic  acidi  and  constitutes  by  far  the  most  abundant  product 
of  the  action  of  sulphur  upon  oleic  acitl  and  oil  of  almonds,  is 
a  very  complex  substance,  and  contains  some  of  its  constituents 
in  very  small  proportion.  On  this  account  1  fouml  it  neces- 
sary to  prepare  it  in  very  large  quantity ;  and  in  doing  so  I 
abandoned  the  use  of  aliuoiui  oil  niitl  employed  linseed  oil 
instead,  which  is  a  much  cheaper  substance,  and  yields  the 
same  fluid  products.  When  the  product  of  the  action  of  sul- 
phur is  carefully  rectified,  the  first  portions  which  pan  over 
•re  perfectly  transparent  and  colourless,  highW  limpid  and 
mobUe^  and  boil  at  the  temperature  of  16(r  Fabr.  Only  a 
small  quanti^  however  passes  at  this  temperature,  and  the 
immersed  thermometer  gradually  rises  without  indicating  any 
fixed  boiling-point  for  the  fluids  My  first  attempts  to  purily 
•this  oil  and  separate  it  into  its  various  copstituents,  did  not 
afford  any  satisfactorv  conclusions.  Numerous  analyses  of 
the  more  volatile  portions  were  made  without  obtaining  com- 
parable results,  although  all  inciicalcil  the  presence  of'rurboii 
and  hydrogen  nearly  in  the  proportion  of  equal  atoms.  The 
following  are  the  details  of  three  of  these  analyses  i — 

4*657  groillS  of  the  most  volatile  oil  gave 
I.     12*088  carbonic  acid,  and 
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r  5*60]  gra.  of  an  oil  less  volatile  than  the  preceding  gave 
lit  <  15*768         carbonic  addi  and 
6*S98  water. 

{4*191  grains  of  another  portion  of  oil  gave 
18*185  carbonio  add,  and 

4*780  water. 

Which  correspond  to  the  following  resalts  per  cent, 

1.  U.  UI. 

Carbon  •  .  75*09  78*79  79*95 
Hydrogen   .    18*80         18*78  18*75 

All  these  oitsi  when  treated  widi  fuming  nitric  acid»  yklded 
an  abundant  precipitate  of  the  sulphate  ofbarytes;  but  as  the 
results  of  the  combustion  were  not  constant^  no  quantitative 
detenninadon  was  made. 

The  action  of  precipitants  however  upon  this  oil  afforded 
a  more  satisfactory  method  of  obtaining  some  of  its  consti- 
tuents. It  ffives  with  corrosive  sublimate  a  bulky  white  pre* 
cipitate,  ana  with  bichloride  of  platinum  a  yellow  compound, 
the  characters  of  which  vary  slightly,  according  as  it  is  pre- 
pared from  the  more  or  less  volaiile  portion  of  the  oil.  Ni- 
trate of  silver  and  acetate  of  lead,  mixed  witii  the  alcoholic 
solution  of  the  oil,  })ro(hice  only  a  slight  cloudiness,  but  on 
boiling  the  solutions,  the  sulphurets  of  silver  and  lead  are  de- 
posited. 

The  Mercury  Compound, — In  order  to  obtain  this  substance 
in  tlie  pure  state,  the  oil  was  dissolved  in  alcohol,  and  an 
alcoholic  solution  of  corrosive  subltmate  added.  Tlie  preci- 
pitate which  fell  was  collected  on  a  filter^  and  washed  with 
aether  until  the  oil  was  thoroughly  extracted*  for  which  pur- 
pose a  considerable  quantity  of  aether  is  required.  It  is  tlien 
boiled  with  a  large  quantity  of  alcohol,  which  dissolves  a  part 
of  it ;  and  the  solution  being  filtered  hot*  allows  the  compound 
to  deposit,  on  cooling,  in  the  pure  state.  It  is  then  in  the 
form  of  a  white  crystalline  powder,  having  n  very  fine  pearly 
lustre,  and  exhibiting  under  the  microscope  crystals  of  a  very 
peculiar  form.  They  are  six-sided  tables,  two  op})osite  angles 
of  which  are  rounded  off,  so  as  to  give  them  a  very  close  re- 
semblance to  the  section  of  a  barrel.  It  possesses,  l  ven  after 
long-con  tinned  washing  with  tether,  a  peculiar  slight  sickening 
smell,  uiiicii  becomes  more  powerful  on  healing,  and  its  pow- 
der irritates  the  nose.  It  is  insuiubic  ui  water,  which  moistens 
it  with  difficulty.  It  requires  several  hundred  times  its  weight 
of  boiling  alcohol  for  solution,  and  is  almost  entirely  deposited, 
on  cooling,  in  microscopic  crystals.  In  sslher  it  Is  almost  in- 
soluble. When  heatedy  it  is  decomposed  with  the  evulutioo 
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cyf  a  petioliAr  imnseoas  meUing  oiL  The  sfNuring  solDbiliQr 
of  this  compound  in  alcohol  renden  its  preparation  in  sufficient 
quantity  for  analysis  an  extremely  tedious  process,  and  I  have 
sought  in  vain  for  a  more  abundant  sulvent.  The  only  sab- 
Stance  which  I  have  found  capable  of  taking  it  op  in  larger 
quantity  is  coal>tar  naphtha;  but  its  employment  Is  inadn)issimey 
as  the  best  which  can  be  procured  is  an  extremely  impure 
substance,  and  ibc  crystals  of  the  compound  deposited  from 
it  always  acquire  a  i  cse  or  violet  tint  from  some  of  its  impu- 
rities. Oil  of  lurpcniine  likewise  dissolves  it,  but  not  more 
abundantly  ihan  alcohol. 

By  many  successive  solutions  in  alcohol,  I  obtained  enough 
of  this  substance  for  an  analysis^  of  which  the  following  are 
the  results : — 

12*302  grains,  (Iul  I  in  vacuo,  tjave 
6*592  ...  ot  cui  uuiiic  acid,  and 
3*018    ...    of  water. 

8*()()1  ''rains  deflagrated  with  a  mixture  of  nitre  and  tar- 
bonate  ol  sodn.  gave  7*297  grains  of  sulphate  of  baryta  = 
1*0067=  11^*  i8  per  cent,  of  sulphur. 

The  mercury  and  chlorine  were  determined  together  by 
mixing  the  substance  with  quicklime,  and  niiruducing  ihc 
mixture  into  a  combustion-tube.  The  end  was  then  drawn 
out  into  an  elongated  bulb^  into  which  the  mercury  sublimed, 
and  which  was  afterwards  cut  o%  dried  in  the  water-bath, 
and  weighed,  both  with  and  without  the  mercury ;  the  chlo- 
rine was  determined  in  the  usual  way  from  the  residue  in  the 
tube. 

9*958  ^ins  gave  5*976  mercury  =60*01  per  cent.,  and 
♦•310  grams  chloride  of  silver  =10-67  per  cent,  of  chlorine. 
n'l91  jfrain^  gave  ^*409  of  chloride  of  silver  s  10*25  per 

cent,  ot  loi'iiif, 

Thei>e  results  corresj)und  closely  with  the  formula  C,,.  Hj^ 
S^Hg4Cl9i  as  is  shown  by  the  following  cumparii>ons : — 


Esperiment* 


Carbon  . 
Hydrogen 
Mercury  . 
Chlorine  . 
Sulphur  • 


I. 
14*61 

60*01 
10-67 
18*48 

100*49 


II. 


r 

14*46 
2^8 


Calculation, 


H 


'16 


\6 


1200O 
fiOO'O 


10*85 


60*88  Hg4  5008*6 
10*67  CI,  885*8 
12*18    S.  1005-8 


100*00 


8294*7 


it  b  :iuilideotly  obvious  that  the  Simula  C,^  3s 
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mnol  tappoaed  to  wproKUt  the  rational  Ibimula  of 
thb  wibrtWICO.  Oa  contrary,  tlic  remarkable  analogy 
between  its  propenk«  and  those  ol  tlie  mercury  compound  of 
aulphuretofallylc  appear  clearly  to  indicate  a  simslanty  in  their 
Cll«mlcal  constitution,— a  similarity  which,  as  wc  shall  after- 
wards see,  is  borne  out  by  tlie  properties  of  the  platmum  com- 
pound. I  consider  this  substance  to  conU  in  an  orgaiuc  sul- 
phuret  analogous  to  sulphuret  of  allyle,  ilic  constitution  of 
which  must  b"  represented  by  the  ioi  iuula  Hg  S^,  towmdl 
J  give  the  provisional  name  of  sulphuret  of  odmyl  (from  «^ 
odour),  and  that  the  rational  formula  of  Uw  llWOUrjf  Com- 

(Cs  He  S2 -f  Hga  CI,)  +  (Cb  II,  S3  +  Hg,  S). 
On  contrasting  this  with  the  formula  of  the  allyle  compound, 
which  is—* 

(C«  H5  Cl+  Hg,  CI,)  +  (Ce  H5  S  -H  Hfe  Sg), 
two  important  points  of  difierencc  arc  apparent,  namely,  that 
in  the  new  compound  wc  have  the  sulphuret,  and  not  the 
^loride,  of  the  base  In  union  with  corrosive  snbhinatc^  and 
raS^-M^ence  of  snbsulpburet  In  place  of  sulphuret  of  mercury 
in  the  BSSsaa-mm^t  of  the  compound.    It  is  even  possible 
to  approximate  more-^ely  theformuloe  of  the  allyle  and 
odmyle  compounds,  bv  assuntnc  the  sulphuret  of  odmyle  to  be 
represented  by     H4  S  \  in  whTchcase  the  mercury  compound 
becomes-* 

{8(C4  H,  s) + Fig,  s, } + (C4  H4  a+Hg.  a). 

Tills  formula  is  however  incompatible  wrJi  its  reaction^  «S 
it  involves  the  presence  of  calomel  in  the  cotfpound.^  Tiwafc- 
lUfiXJt. with  i-aua lie  [joUibU  however  shows  that  this  is  HOt  the 
case,  as  it  immeiliateiy  becomes  yellow,  from  ihe  sepatatloo 
of  oxide  of  mercury,  white  the  black  suboxidtf^^^^  Wf% 
\mn  Ibrmad  had  calomd  bitn  preaeot* 

When  a  cumni  of  lalphoittlvid  hydrogen  is  pass^  through 
the  mercuiy  compound  suspended  in  water,  it  becomes  rapidly 
black,  a  pe(iitliar  smell  is  observed,  along  with  that  of  ^^P^^ 
retted  hydrogen;  and  by  distillation  an  oil  passes ovw» ^■'i^*^ 
is  obtaiqed  floating  on  the  sprface  of  tho  water*  Iftis  pei'j 
feotly  transpifent  and  colourless.  Its  smell  is  pecuU^J^*  ^t^d 
reiMnblfs  the  naufcous  odour  developed  by  crushing 
umbfUlferouil  plants,  Whan  dissolved  in  alcohol,  it 
with  corrosive  sublimate  a  white  precipitate,  soluble  in  hot 
alcohol,  from  which  it  is  deposited  in  crystals  precisely  similar 
to  ilio  ;c  from  which  it  had  been  origiiinlly  separated,  and  with 

bichloride  gf  piaunum  a  yellow  precipitate  sightly  soiuU#  in 


Digitized  by 


qf  ihd  i^ised  Oils  in  aaUaci  mU^  Sulpkur.  ill 

hot  akohol  and  atW.  Tl|i«  oil  ti  io  all  probabilitj  the 
sulphuretof  odmyle  Co  Hg  i  biit  the  imiiU  quantity  in  which 
I  have  been  able  to  obtain  hail  prevented  my  performing 
any  analysis  of  iL 

T/ie  Flatinum  Compound, — When  a  golution  of  bichloride 
of  platinnm  is  added  to  the  alcoholic  solution  of  the  crude  oil, 
a  yellow  precipitate  nu^es  its  appeavance»  which  does  not  fall 
immediately,  but  goes  on  gradually  increasing  for  some  time^ 
precisely  as  is  the  case  witfi  the  allylc  compound.  The  pro- 
perties of  this  precipitate  are  not  however  perfectly  constant, 
but  vary  according  to  the  portion  of  the  oil  employe  1 1  to  yield 
it.  Tliat  o!>tained  from  the  more  volatile  portion  has  a  fine 
bul})liur-yeliow  colour,  but  the  IcaS  volatile  oil  gives  an  orange 
precHpitate.  It  is  insoluble  in  water,  sparingly  soluble  m 
alcohol  and  sether.  When  heated  it  becomes  black,  an  oil  is 
evolved  smellinfr  exactl\  like  iliat  obtained  from  the  uiticnry 
compound,  and  hulphurei  of  platinum  is  leit  behhid,  which 
requires  a  high  temperature  to  drive  off  all  its  sulphur,  and 
leaves  metallic  platinum  as  a  sUver-white  mass.  When  treated 
with  hydro6ulphuret  of  ammonia,  it  hi  converted  into  a  brown 
powder,  exactly  like  that  obtafaied  under  similar  curcnmstanoea 
nom  aliyle* 

The  analysb  of  the  yellow  oompoimd  has  not  hitherto  given 
results  of  a  satisfactory  diaraoter.  I  have  found  the  amount 
of  platinum  to  oacillate  between  48*06  and  49*96  per  cent. 
The  former  of  these  was  obtained  from  the  most  volatile  oil, 
the  latter  from  that  which  boiled  between  300°  and  400^ 
and  intermediate  results  were  obtained  at  intermediate  tem- 
peratures. Th'-  results  obtained  from  the  oil  which  boiled  at 
a  high  tempeiaiiiiL  wcrp  remarkably  constant;  thus  I  have 
found,  in  diflo  cnL  experiments,  49*00,  49'51,  and  49*66  per 
cent,  of  platinum,  which  appear  to  indicate  the  presence  of 
so  lie  coii4>yund  of  rather  sparing  volatility.  The  precipitate 
tjliiained  from  the  most  volatile  oil  appears  to  be  that  corre- 
sponding to  ihe  mercury  comiuiuiid  which  has  just  been  de«- 
scribed.  OF  it  I  have  been  able  oaly  to  perform  a  very  incom- 
plete analysis,  which  is  insufficient  to  csuibli^h  its  constitution, 
especially  as  it  is  impossible  to  ascertain  whether  it  is  a  homo- 
geneous substnnce.  As  the  results,  however,  approximate  to 
a  formttla  analogous  to  that  of<the  maroory  oompound,  I  give 
'Che  details^  snch  as  they  are< 

'9*1 5f)  grains  of  the  platinum  compoumi  gave 
7 '474     ...     carbonic  acldi  and 
3-294     ...  water. 

5-701  grains  gave  2<455gralnaof  platinum  s4d*06  per  cent. 
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These  results  approximate  to  a  formula  simOar  to  that  of 
the  mercury  compound ;  vias. — 

(c,  H,  s, + Pt  cy + (c,  II,  s, + pt  s). 

Experiment.  Calculation. 

t  — ■■■  \ 

Carbon    •  \   22*26      20*83  J200*0 

Hydrogen    .     3*99        3*47   H^;  200-0 

Platinum  .    •    43*06       42*84    Ft,  2466*6 

Chlorine                       15*38    CI,  885*3 

Sulphur                       17*48  1005*8 

100*00  5757*7 

The  analofiy  which  those  substances  hear  to  allyle  is  exceed- 
ingly interestint^,  as  showing  the  possibility  of  forniinL'?  by 
ariificial  processes,  subb Lances  siaiilar  in  constitution  to  so 
remarkable  a  compound,  wiiich  is  not  a  product  of  decompo- 
sition, but  exists  ready-formed  in  a  variety  of  diilerent  vege« 
tables,  where  it  must  obviously  be  produced  under  circum* 
stances  very  different  from  the  artificial  substance ;  for  allyle 
cannot  exist  at  all  at  a  high  temperature,  and  is  entirely  de- 
composed at,  or  even  below,  its  point  of  ebullition,  l/nfbr- 
tuuately,  however,  the  examination  of  this  substance  is  much 
complicated  by  the  necessity  of  examining  its  coin})oands  in 
place  of  itself  Had  it  been  possible  to  separate  it  directly 
from  the  crude  oil,  the  determination  of  its  constitution  and 
that  of  its  compounds  would  liave  presented  compar;\t!vely 
little  diOiculty,  and  been  arrived  at  with  much  less  laboui  tlum 
that  expended  upon  the  imj)erfect  details  1  have  been  able  to 
accumulate.  Another  point  worthy  of  observation,  is  the  total 
altciation  of  the  products  of  decomposition  of  oleic  acid  pro- 
duced by  the  presence  of  sulphur;  no  sebacic  acid,  and,  in 
filct,  none  of  its  ordinary  products  being  evolved,  althout^h  all 
the  substances  produced  contain  carbon  and  hydrogen  in  the 
proportion  of  equal  atoms,  just  as  they  exist  among  the  oixli- 
nary  products,>^a  circumstance  which,  taking  into  considera- 
tion the  abundant  evolution  of  sulphuretted  hydrogen,  we 
certainly  should  not  have  anticipated. 

The  oil  which  remains  after  the  separation  of  the  mercury 
compound,  likewise  contains  sulphur  as  one  of  its  constituents; 
but  I  have  not  yet  had  time  to  commence  the  investigation  of 
this  part  of  the  subject.  The  discussion  of  it,  as  well  as  va- 
rious other  |ioinls  connected  vvitli  tiie  compounds  already  de- 
scribed, I  hope  to  make  the  subject  of  a  future  communica- 
tion. 
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XXX.  On  ilic  Mechanical  Equivalent  of  fJraf^  as  determined 
hi)  the  Heat  evolved  hif  the  Friction  of  Fluids.  By  J.  P. 
JouLK,  Secretarif  to  the  Literary  and  PhilosophkaL  Socieij/ 
tjj  Manchester** 

IN  the  Philosophical  Magazine  for  September  1845  I  gave 
a  concise  account  of  some  experiments  brought  before  the 
Cambridge  Meeting  of  the  British  Association,  by  which  I 
had  proved  that  heat  wns  jxcnerated  by  the  friction  of  water 
produced  by  the  niotion  oi  a  horizontal  paddle-wheel.  Thes(^ 
experiments,  tlioii^Ii  abundantly  sufficient  to  estabhsh  the 
ecjuivalency  of  lu  at  to  meciianical  power,  were  not  adapted  to 
determine  the  t(^iiiv;ilent  with  very  great  numerical  accuracy, 
owing  to  the  apparatus  having  been  situated  in  the  open  air, 
and  having  been  in  consequence  liable  to  great  cooling  or 
heating  effects  from  the  atmosphere.  I  have  now  repeated 
the  experiments  under  more  favourable  circumstances^  and 
with  a  more  exact  apparatus,  and  have  moreover  employed 
sperm  oil  as  well  as  water  with  equal  success. 

The  brass  paddle-wheel  employed  had,  as  described  in  my 
former  paper,  a  brass  framework  attached,  which  presented 
suiHcient  resistance  to  the  liquid  to  prevent  the  latter  being 
whirled  round.  In  this  way  the  resistance  presented  by  tlie 
liquid  to  the  paddle  \v:v^  rendereii  very  considerable,  although 
no  s})lashifi[T  was  occasioned.  The  cm\  employed  was  of  cop- 
per, surrouiiiic'd  by  a  very  thin  casing  oi  tin.  Jt  was  covered 
with  a  tin  lid,  havin<r  a  capacious  hole  in  its  centre  lor  the  axle 
ol  iiie  paiKlic,  auti  another  for  the  insertion  of  a  delicaic  lijer- 
mojneter.  Motion  was  communicated  to  the  paddle  by  means 
of  a  drum  fitting  to  the  axle,  upon  which  a  quantity  of  twine 
had  been  wound,  so  as  by  the  intervention  or  delicate  pulleys 
to  raise  two  weights,  each  of  29  lbs.,  to  the  height  of  about  5^ 
feet.  When  the  weights  in  moving  the  paddle  liad  descended 
through  that  space,  the  drum  was  removed,  the  weights  wound 
up  again,  and  the  operation  repeated.  After  this  had  been 
done  twenty  times,  the  increase  of  the  temperature  of  liquid 
was  ascertained.  In  the  second  column  of  the  following 
tabic  tlie  whole  distance  throiitjii  which  flie  weights  descended 
during  the  several  experiments  is  given  in  inches.  I  may 
observe  also  thnt  both  the  experiments  on  the  friction  of  water, 
and  the  interpolalions  nmile  in  order  to  ascertain  tlie  effect  of 
the  burrounduig  atmosphere,  were  contluctetl  under  similar 
circumstances,  each  occupying  forty  minutes. 

•  Iirfoi  c  the  Matlicmnt:cf\!  nnfl  Physical  Section  of  the  Britith 
AMOciatioa  at  Oxford,  and  communicated  by  the  Author. 
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Table  L— Frioiion  of  Distilled  Water. 


1 

Natwtof 

1 

f.K  ll  of 

20  llw.  iu  udws. 

the  rooxu. 

IteliWtuiv  of  the 
water. 

|o«9  of 

cxperioMttt. 

Bcfon  ex- 

After  €X- 

Vl^tpf  inn 

tntcrpolAtion 

0 

G1-282 

0120- 

0(^401 

61145 

fill  15 
0118t>  1 

»l-f)9;j  gain. 
0-035  gain. 

I  nt  iioii  t . . 

liii^rpolation 

ISbOU  1 

0 

6I-17U 

W  '11  'O  -J— 

61083 
61-752 

ni-7ts 

«l/"-M> 

jf  if*f»9  i^ni  11  • 
0-023  los;.. 

rncuvli  •••••• 

lalnpototiOB 

UfOO  O 

0 

68119 

66-762 
07-478 

67-472 
07-01t 

0-720  KaiD* 
9489  grin. 

m  f  iii«n  1 

flMMM  ■«•<•» 

lAtarpolaAimi 

do*  Ira 
68<»10 

<HI08+ 

07'511 
00-SO7 

08*807 
68419 

9498|aSii. 
9419  9^. 

0  n-]  jp^m. 
gain. 

Intefpolation 

0 

0/  oOU 

0-266+ 

5sii«; 

68-4  in 

.'s  ■■(•>(» 

Interpolation 

12(>5-3 
0 

5M63 
57-602 

0-230  + 
0-121  + 

570:)0 
57716 

o771fi  |0  «<jr>  grtfn. 
57731  i0-U15  gain. 

i^ietioit  

Intapoutkm 

1265-2 
0 

57-703 
SfliWl 

0*369+ 
••104+ 

67731 

RB«90!I 

Ooovo 

68*393 
08497 

0*602  gain. 
9490 

IMedoii  •>«••« 
Iit«pBlirtl0ii 

0 

M'flM 
I0M 

mm 

00  080 

09>08i 
09417 

Friction  ...... 

iitlcrpoumvu 

1262-8 

A 
W 

57-041 

94  vim 

0-078- 

A.aiie  

U  aoi}  — 

nn-Ri  7 

67*310 

57-310 
07*944 

0493  gain. 

0494  piB. 

Mmh  iHfltlon 

0(1037- 

O-flHll  gain. 

Mem  ol  «hc 

}  « 

0-0071- 

0-0163  gab. 

Corrected  re- 

94960«aiii. 

We  seo  then  that  the  weights  of  29  II1S.9  in  descending 
through  the  altitude  of  1365*13  inches,  generated  0^*668  in  the 
apparatus.  But  in  order  to  reduce  these  quantities,  It  became 
necessory  in  the  first  place  to  ascertain  tlie  friction  of  the  pul- 
leys and  diat  of  the  twine  in  unwinding  from  the  drum.  This 
was  effected  by  causing  the  twine  to^ooncu  romul  a  roller  of 
the  same  diameter  as  tlie  drum,  working  ujioii  very  hne  pivots, 
tlie  two  extremities  of  the  twine  being  tlirown  over  the  pul- 
leys. Then  it  was  louiul  thnt,  by  atiding  a  weight  of  3150 
grains  to  cither  of  the  two  weights,  the  friction  was  ju&t  over- 
come. The  actual  force  cmployetl  iu  the  experiments  would 
thereluie  be  iOGUOO  grs.  —  Gl^Ogrs.  =  4-02850  grs.  through 
1265*1 3  inches,  or  6067*3  lbs.  through  a  foot 

llle  weight  of  water  being  77017  grs.,  that  of  the  brass 
paddle-whMl  grs.,  the  copper  dP  the  can  llfS7  gf^ 
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and  the  tin  casing  and  cover  19S96  the  whole  ce|>aeity 
of  the  vessel  and  its  contents  was  estiuiatcd  at  77617  -f  SSI 9 
+ 1 056  +  S6S  =  8 1 355  grs.  of  water.  Therefore  the  quantity 
or  heat  evolved  in  the  experiments,  referred  to  a  pound  of 

water,  was  7"'7636. 

The  etjiiivalenl  of  a  decfroo  of  hcnt  in  a  pound  of  water  was 
therefore  found  to  be  761*5  ibs.  raised  to  the  height  of  one 

foot. 

1  now  made  a  series  of  experiments  in  whicii  ipti  ni  oil  was 
substituted  for  the  water  in  the  can.  This  liquid,  bcinj»  thot 
emplop^ed  by  engineers  as  the  best  for  diminishing  the  Iriclion 
of  their  machinery,  appeared  to  me  well-calculated  to  alibrd 
another  and  even  more  decisive  proof  of  the  principles  con- 
tended for. 


Table  II. — Briction  of  Sperm  Oil. 


Italaitof 
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0 

56  198 
M-661 
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0 
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0 
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Interpolation 
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0 
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57-766 
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59-361 
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Friction  ...... 
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0 
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(M18+ 
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0 
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0 
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0 

59131 
69*164 

0148+ 
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58*532 
59-984 

60026 
60^ 
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In  this  instance,  the  force  employed,  corrected  as  before  for 
the  friction  of  tlit;  pullejs,  was  equal  Lo  raise  6080*4  lbs.  to  the 
height  of  one  foot. 

In  estimating  the  capacity  for  beat  of  the  apparatus^  it  was 
necessary  in  this  instance  to  obtain  the  specific  heat  of  the 
sperm  oil  employed.  For  this  purpose  I  employed  the  meihod 
if  mixtures,  43750  grs.  of  water  were  heated  in  a  copper 
vessel  weighing  lOiO!)  grs.  to  82°-697.  I  added  to  this  28597 
grs.  of  oil  at  55®'593,  and  after  stirring  tlie  two  liquids 
tofretbor.  found  the  temperature  of  tlie  mixture  to  be  76°'5S3. 
Having  ajiplied  to  these  data  the  requisite  corrections  for  the 
coohng  of  the  licjiiids  during  the  experiment,  and  for  the  capa- 
city ot  the  copper  vessel,  the  specific  heatof  tlie  sperm  oil  came 
out  O^'i-SSGl.  Another  experiiiKiiL  of  llie  same  kind,  but  in 
which  the  water  was  poured  into  the  heated  oil,  gave  the  sjw- 
cific  heat  0*46116.  The  mean  specific  heat  was  therefore 
0*45838. 

The  weight  of  oil  employed  was  70273  grains,  and  the 
paddle,  can,  &c.  were  the  same  as  employed  in  the  first  series 
of  experiments ;  consequently  the  entire  capacity  in  this  in- 
stance will  be  equivalent  to  that  of  35951  grs.  of  water.  The 
heat  evolved  was  therefore  7^*7747  when  reduced  to  the  ca* 
pacif  y  of  a  pound  of  water. 

Hence  the  e(juivalent  deduced  from  the  friction  of  «pcrm 
oil  was  782*1,  a  result  almost  identical  witli  that  obtaiueil  Iroui 
the  friction  of  water.  The  mean  of  tlie  two  results  is  781*8*, 
which  is  the  equivalent  I  shall  adopt  until  further  and  still 
more  accurate  experiments  shall  have  been  made. 

XXXI.  Letter  from  Prof.  S€U(£NBEIN  to  Prof.  Faraday, 
RKS.,  <m  a  nen  Test/or  (honef. 

My  T)i:au  Fa  had  ay, 

HAVING  a  good  opportunity  for  sending  you  a  few  lines, 
I  will  make  use  of  it  to  tell  you  somcUiing  about  my 
little  doin^  You  are  no  donbt  strack  with  the  peculiarity 
of  the  ink  m  which  this  letter  is  written*  and  I  am  afraid  you 
will  thinH  it  a  very  bad  productbn ;  but  in  spite  of  its  queer 
colour^  you  will  like  it  when  I  tell  you  what  it  is,  and  when  I 

•  This  number  ii  tUghtly  diA«rent  from  775,  the  equivalent  stated  at 
Olford,  and  iisfil  In  mo  as  one  of  the  data  for  calculation!*  on  the  velocity 
of  -iound.  The  reason  of  the  diflerence  was  that  by  an  oversight  I  had 
taken  the  friction  oiboth  pulleys  as  the  correction  of  each  weight  instead 
of  both  weights.  The  whole  of  the  experiments  are  exactly  the  same  as 
those  presented  to  the  Oxford  meeting.  The  slight  alteration  in  the  equi- 
valent will  make  only  a  very  trifling  alteration  in  the  tlieoretical  velocity 
of  sound  given  in  the  lost  Number  of  this  Magazine. 

t  Communicated  by  Ptofenor  Faraday. 
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assure  you  that  as  long  as  the  art  of  writing  has  been  practised 
no  letter  has  ever  been  written  with  such  an  ink.  Dealing  now 
Rf^f^in  in  iny  ozone  business,  I  found  out  the  other  day  that  all 
manganese  salts,  be  they  dissolved  or  solid,  are  decomposed 
by  ozone,  hydrate  of  peroxide  of  manganese  being  produced 
and  the  acid  set  at  lihei  ty.  Now  to  come  round  again  to  my 
ink,  1  ulu^L  tell  you  lliaL  ihe.-?e  lines  aie  wi  itten  with  a  solution 
of  sulphate  of  manganese.  The  writing  being  dry,  the  paper 
is  suspended  within  a  large  bottle,  the  air  of  which  is  strongly 
ozonized  by  means  of  phosphorus.  After  a  few  minutes  3ie 
writing  becomes  visible,  and  the  longer  you  leave  it  exposed 
to  the  action  of  ozone  the  darker  it  will  become.  Sulphurous 
acid  gas  uniting  readily  with  the  peroxide  of  manganese  to 
form  a  colourless  sulphate,  the  writing  will  instantly  disappear 
when  plnced  within  air  containing  some  of  that  ncid  ;  nnd  it 
is  a  malter  of  course  that  the  writing  will  conie  out  a^ain 
when  ai^ain  exposed  to  ozonized  air.  Now  all  tlii>  is  certainly 
mere  playing;  but  the  matter  is  interesting  in  a  scientific 
point  of  View,  inasmuch  as  dry  strips  of  white  filtering  paper 
drenched  with  a  weak  solution  of  sulphate  of  manganese  fur* 
nish  us  with  rather  a  delicate  and  specific  test  for  ozon^  bv 
means  of  which  we  may  easily  prove  the  identitir  of  chemical^ 
voltaic  and  electrical  ozone^  and  establish  with  facility  and 
certainty  the  continual  presence  of  ozone  in  the  open  air.  I 
have  turned  brown  my  test-paper  within  the  electrical  brushy 
the  ozonized  oxy||;en  obtained  from  electrolysed  water  and 
the  atmospheric  nir  ozonized  by  phosphorus.  The  quantity 
of  ozone  produced  by  the  electrical  brush  being  so  very  small, 
it  requires  of  course  some  time  to  turn  the  test-paper  brown. 

As  it  is  rather  inconvenient  to  write  with  an  invisible  ink, 
I  will  slop  here;  not  however  before  having  asked  your  kind 
indulgence  for  the  many  blunders  and  faults  which  my  ozone 
bottle  will  no  doubt  bring  to  ligiu  before  long. 

Yours  most  truly, 

Bile^  July  1, 1847.  C.  F.  ScHCBNBBIN. 


XXXII.  On  the  DecompoHHon  qf  Water  by  Plattmm  and  the 
Black  Oxide  of  Iron  at  a  white  heat,  with  some  oheervatUnu 
on  the  theory  of  Mr,  Orov^e  Bxperments,   By  Gbouob 

THE  remarkable  discovery  recently  made  public  by  Mr. 
Ghmre,  that  water  in  certain  drcumstances^  when  raised 
to  a  white  heat,  is  resolved  into  its  constituent  gases,  has  na- 

*  Conimuuicatcd  by  the  Clieaucal  ISociety:  having  been  read  March  15. 
1847. 
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turally  excited  much  attention.   It  jRirnished  the  unexpected 

continuation  of  the  truth  of  on  opinion  expressed  by  James 

Watt  so  far  back  as  17^3?  that  if  steam  could  be  made  red 
hot  [white  hot]  so  that  all  its  latent  heat  should  be  converted 
into  sensible  heat,  either  the  steam  would  ho  convortcd  into 
permanent  air,  or  some  other  change  would  taivc  place  in  its 
constitution  *. 

In  the  greater  number  of  Mr.  Grove's  experiments^  irttar 
was  railed  in  tempeiatim  through  the  medinm  of  plattnuiii ; 
and  it  became  t  queation  accordingly^  as  Sir  John  Heiaohel 
and  mj  friend  Dr«  Lyon  Playfair  aug|e8tedj  how  lar  the  de- 
composition of  water  obseryed  waa  owing  to  the  mm  heat  ef 
the  metal^  how  far  to  the  peculiar  »uxface*iafluence»  or  ao* 
called  catalytic  force,  which  lias  been  so  long  rccog;nizcd  as 
possessed  by  platinum  mid  the  other  no1)le  metals.  Dr.  Play- 
lair  also  referrrd  to  the  iact,  "  that  many  bodies  at  high  tem- 
peratures exliibited  a  great  aftiiiity  for  oxygen,  which  they  did 
not  possess  at  lower  teniperaiures ;  as,  for  instan<;e,  silver, 
gold^  and  cveu  plutinuni  itself,  wliicli  luetak  absorb  oxygen 
when  intensely  heated^  and  give  it  out  again  on  cooling*.  If 
tiie  a]qMrlmenta  had  heen  tried  in  tubes  of  qvaiti  or  BiUoa» 
they  would  not  have  been  open  to  the  objectkm  which  the 
use  of  so  peculiar  a  metal  as  platinum  appeared  to  involvet/' 

There  waa  indeed  one  form  of  Mr.  Qrore's  eiperiment  not 
liable  to  the  exception  urged  against  those  when  platinum  waa 
used.  Me  found  it  quite  possible  to  decompose  steam  by 
sending  Ley  den-jar  disehnfres  through  it,  and  refers  the  de« 
composition  solely  to  the  heat  evolved  by  the  electric  spark. 
The  same  view  has  been  suggested  as  not  iDi|)iouable  by 
Faraday,  in  relation  to  the  decomposition  of  water  in  the 
liquid  Ibrm  by  electric  discharges  %»  With  great  diftidence, 
however^  I  would  remark,  that  the  spark  decomposition  of 
water  cannot  be  regarded  aa  an  eiyarimtfi^iNn  enRSi»«  Al- 
though the  electric  spark  cannot  decompose  steam  electroly- 
tieallyj  we  may  not  at  once  infer  that  it  cannot  decompose  it 
in  another  way.  I  have  no  wiah  to  assert  that  it  can,  but  it 
is  possible  that  it  majTj  and  a  crucial  experiment  should  bo 
unexceptionable.  Again:  the  spark  discharge  of  a  Leydcn 
jar  exerts  a  great  disruptive  force,  and  acts  topically  with 
much  violence.  There  is  reason  moreover  to  belic\c  that 
mechanical  agitation  or  disturbance  of  a  chemical  compound 
c?in  in  many  cases  cause  the  separation  of  its  elements.  It 
may  seem  an  extravagant  idea  to  suppose  that  oxyjicn  may 
be  torn  or  detached  from  hydrogen  by  the  action  of  a  di»« 

•  PbU.  I  ran*.  17143,  p.  41C. 
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lupliYe  ftrce  on  the  moleciile*  of  water^  as  if  obenueal  affinity 
were  bnt  a  kind  of  mechanical  coheaion>  which  may  be  oveiv 
come  by  division*  On  the  other  hand,  however^  it  must  not 
be  forgotten,  that  we  are  now  acquainted  with  a  large  num- 
ber of  fulminating  compounds,  which  can  be  decomposed  bv 
frietiony  by  a  touch,  or  a  stroke.  These  compounds  are  au 
fragile,  and  water  is  a  very  stable  combination  ;  but  fraixilitj 
and  stability  are  but  terms  nf  rlrrrrce,  in  relation  to  ?:taoility 
of  union  :  and  if  it  shall  appear  that  a  feeble  racchaiiicai  force 
can  overcome  a  small  intensity  of  affinity,  it  will  be  acknow- 
ledcred  as  quite  possible  that  a  powerful  mechanical  agency 
m  iy  overcome  a  great  one.  We  have  no  means  perhaps  of 
miiking  an  unexceptionable  experiment  as  to  the  decomposing 
power  of  mechanic^  force ;  for  we  cannot  Imng  it  into  play 
withonl  oalfing  hito  action  other  agencies.  If  we  toooh,  or 
fob^  or  strike  a  Mminste^  for  eiample,  we  came  the  evolution 
of  faeatyaad  add  tta  decomposing  power  to  that  of  the  mecha» 
nical  impulse.  It  woeJd  be  a  mmpeHiU  pHncipii,  however, 
to  assnme  that  the  heat  pvodneed  alone  effects  the  decompo- 
sition ob^rved.  It  seems  to  me,  therefore,  that  the  decom- 
position of  steam  by  the  electric  spark  furnishes  a  more 
complex  problem  for  solution  than  the  action  of  white-hot 
]>latinum  on  the  same  compound  does ;  and  that  the  experi- 
ments made  with  the  metal  are  more  likely  to  throw  light  on 
those  tried  with  the  spark,  than  lu  be  explained  by  them. 

Whilst  thinking  over  these  difficulties,  and  the  objections 
to  Mr.  Grove's  conclusions  suggested  by  llcrbciiel  and  Play- 
fair,  I  had  occasion  to  perform  the  familiar  class-experiment 
of  burning  iron  wire  in  oxygen.  I  observed  with  an  interest 
I  had  not  ftik  previovisly,  although  I  had  carelessly  noticed 
the  phMomenon  beforei  that  bnmiiea  of  apparently  perma- 
nent gas  rose  from  the  gh>bules  of  white*hot  oxide  of  iron  as 
they  fell  into  the  water.  It  seemed  to  me  possible  liiat  this 
gas  might  be  a  mixture  of  oxygen  and  hydrogen  separated  by 
the  influence  of  the  metallic  oxide,  acting  as  plattnom  did  in 
Mr.  Grove's  experiments.  It  was  certain,  moreover,  that  if 
this  Rhould  prove  to  be  the  rnse,  it  would  supply  a  powerful 
argument  in  favour  of  gcntleman^s  roiiclif^ion,  whicli 
seems,  in  S[)itp  of  all  tin  objections  noticed,  ni  tiie  hip-hest 
degree  probable,  namely,  that  heat,  apart  altogether  from  the 
medium  through  which  it  is  appbed^  can  resolve  water  into 
its  elements. 

A»  the  fdlowtng  experiments  were  made  solely  in  the  hope 
of  sobstantiathig  Mr.  Uiofe'a  view^  which  unfortunately,  how- 
ever, they  leave  exactly  aa  they  fimnd  it,  I  tniet  that  gentle- 
man will  not  consider  theur  publication  an  interference  with 
his  rssesrches.    i  was  led  to  try  them  haddentally,  and 
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abtndoiied  them  as  soon  as  Ifoond  I  could  fender  Biir.  Qrore 
no  assistance  by  means  of  tiieni* 

It  would  be  difficult  to  conceive  a  more  n|Hd  and  effectual 
way  of  raising  a  body  to  a  white  heat  than  that  afforded 
by  the  combustion  of  iron  in  oxygen.  I  took  for  granted 
also  (as  it  afterwards  appeared,  too  hastily)  that  the  metal  could 
not  but  be  saturated  with  oxynrn  nnd  converted  into  a  de- 
finite o\id(%  which  would  be  cbtuacally  indifterent  to  each  of 
the  elements  at  water,  and  if  it  decomposed  it  at  all,  would 
reject  both  its  constituents.  The  convenient  way,  moreover, 
in  vvliich  the  globules  of  oxide  detach  themselves  and  fall 
into  the  water,  and  the  rapidity  with  which  the  whole  process 
goes  on^  make  it  a  very  easy  matter  to  collect  in  consid^able 
quantity  whatever  gases  are  evohred*  A  stoppered  hottomleaB 
jar  of  the  ordinary  constructton  for  the  iron^wire  eipcrimciit^ 
and  of  291  cubic  inches'  cf^actty,  was  made  use  of  m  thefi^ 
lowing  trials.  Eighteen  experiments  were  made  with  it,  and 
from  100  to  1 10  grains  of  fused  globules  were  obtained  from 
each  combustion.  A  test-tube,  with  a  funnel  fixed  Into  it 
by  a  perforated  cork,  and  filled  with  water,  was  arranged  so  as 
to  receive  the  gas.  Tn  some  experiments  it  wa?;  pkced  within 
the  oxyf_':en  jar,  so  that  the  coil  of  wire  when  introduced  hung 
close  to  it.  a  piece  of  tin  plate  being  armnged  so  as  to  guide 
the  gln])iilcs  within  the  edge  of  the  inverted  funnel.  In  the 
greater  number  of  trials  however  the  tube  and  funnel  were 
placed  outside  of  the  vessel  coniaining  the  oxygen,  and  an 
inclined  plane  of  tin  plate  was  so  placed  as  to  carry  the 
globules  past  the  edge  of  the  jar,  and  within  the  moath  of 
the  &nneL  No  diflSrenoe  of  result  was  obaerfed  in  experK 
ments  made  in  hotii  ways,  but  the  latter  arrangement  was 
preferred  as  more  convenient,  and  as  enabling  more  oxygen 
to  be  employed  at  each  triaL 

In  all  the  experiments,  permanent  gas  was  evolved  when 
the  fused  globules  feU  into  the  water.  This  statement  is  to 
be  considered  as  applying  to  each  combustion  considered  as 
a  whole  ;  ff)r  individual  globules  were  frequently  observTcl  to 
give  od  no  gas  at  all,  or  to  evolve  so  very  little,  that  it  mlpi  t 
be  air  separatinp:  from  tlic  vvater,  in  which  it  had  previou^ly 
existed  in  solution.  The  tiuanlity  of  gas  obtained  at  each 
combustion  varied  greatly.  iSouictimes  as  much  as  a  cubic 
inch  was  procured,  more  firequently  only  lialt  that  quantity, 
and  occasionally  less.  The  globules  from  thick  coils  of  wire 
gave  off  a  laroer  Tolume  of  gas  tiian  those  ilrora  thin  onest^ 

Portions  of  the  gas  were  transferred  to  a  Gravels  eudio* 
meter  over  water,  and  exposed  to  a  whiteJiot  platinum  wire. 
They  did  not  kindle  or  detonate^  nor  were  thegr  usosakfy 
dinunished  in  vohme*  Other  portions  were  stttqeeled  to 
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electric  sparks  and  disdiarges  in  a  sjphou  eudiometer  over 
mtefy  wim  the  same  negative  results;  out  when  air  or  ozj* 
gen  was  nringjed  with  the  gas,  it  exploded  sharply  with 
heated  platinum  or  the  electric  sparic.  When  a  match  was  ap- 
plied to  the  open  end  of  a  tube  containing  the  unmingled  gas^ 
it  burned  rapidly  with  a  pale  blue  flame,  but  did  not  explode. 
The  gas  given  off  during  the  action  of  the  fused  globules  on 
water  was  not  then  n  mixture  of  oxv«:cn  and  hvdro";en. 

Its  freedom  from  all  but  a  trace  of  oxygen  was  ascertained 
in  other  ways.  To  one  portion  of  the  gas  standing  over  water 
nitric  oxide  was  added,  but  no  ruddy  fume  or  yellow  colora- 
tion showp<l  itself.  When  pliosphorus  was  intri>duced  into 
the  gas,  ill  one  instance  it  did  not  biuuke,  but  in  the  greater 
number  of  cases  it  fumed  for  a  brief  period,  and  occasioned 
an  amount  of  contraction  barely  perceptible.  The  gas  ap- 
pwed  to  be  nearly  ^ure  hydrogen.  To  ascertain  if  it  cer- 
tainly were  so*  a  portion  of  it  was  carefully  dried,  by  chloride 
of  calciumiy  and  transferred  to  a  eudiometer  over  warm  mer- 
cury. Dry  oxygen  was  then  added,  and  the  mixture  exploded* 
When  the  whole  had  coded,  the  ntsUs  of  the  eudiometer  ap- 
peared dimmed  by  a  very  thin  layer  of  moisture,  but  the 
quantity  of  gas  operated  on  was  too  small  to  admit  of  visible 
drops  being  produced.  Another  portion  of  the  n"n«:  was  mixed 
^■rith  half  its  volume  of  oxygen  and  fired  by  the  electric  spark. 
The  contraction  which  followed  explosion  varied  in  different  ex- 
periments, but  was  frequently  siu  h  as  to  leave  not  more  than 
oue-twcnticth  part  of  the  mixed  ga^es  uneonsuined.  Phos- 
phorus smoked  in  this  residue  for  a  short  time,  showing  tliat 
excess  of  oxygen  had  been  made  use  o^  and  left  a  minute 
volume  of  gas  which  was  not  diminished  by  caustie  potash, 
and  must  have  been  nitrbgen* 

It  seemed  possible  that  the  trace  of  carbon  present  even 
in  maU«d)le  iron  might  affect  the  quality  of  the  gss  resulting 
from  the  action  of  the  f^obules  of  oxide  on  water,  and  that 
carburetted  hydrogen,  carbonic  oxide  or  carbonic  acid  might 
be  produced.  It  seemed  desirable  to  know  whether  the  latter 
were  present  or  not,  as  the  oxygen  might  luive  gone  to  form 
them.  It  was  impossible  to  be  certain  that  carbonic  acid 
was  absent,  for  the  gas  from  the  globules  being  necessarily 
collected  over  water,  the  temperature  of  which  was  low,  car- 
bonic acid  would  be  n  taiiK  d  in  solution  by  that  liquid.  All 
that  I  cau  say  on  this  point  is,  that  lime-water  was  not  ren- 
dered muddy  or  in  the  siB^test  degree  opalescent  by  the 
gas.  It  was  several  times  cEtonated  with  oxygen  over  Itmo- 
wafter^  but  the  latter  remained  quite  transparent  ao  that  nei- 
ther csErbonic  oxide  nor  carburetted  hydrogen  can  have  been 
present  In  shot^  Uiegaa  evolved  mm  water  by  the  w]ut»- 
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hat  ^bulea  of  oxide  of  iroo,  was  hydro^n  mingled  with  ft 
small  quantity  of  air,  premualy  no  doubt  m  aohitioii  in  waler. 

As  only  the  hydrogen^  thco^  of  the  water  decompoaed  was 
obtained^  it  became  neceaaaiy  to  account  for  the  absence  of 

the  oxygen.  I  was  tempted  for  a  moment  to  tliink  it  pos- 
sible that  the  blnck  oxide  of  iron  ui'v^ht  have  changed  into  the 
red  oxide  of  the  same  metal,  by  combining  with  the  oxygen 
not  obtained  in  the  elastic  torm:  ex,  gu  thus  2  ¥^i)^^Os» 

But  the  proto-pcroxivle  of  iron  is  known  to  be  a  very  stable 
compound,  little  if  at  all  pione  to  become  the  peroxide  j  and 
it  seemed  more  likely  that  unoxidized  iron  might  be  picaent 
in  Uie  fused  globules^  which  oocaaioned  the  evohition  of  hf^ 
drogen  when  it  came  in  contact  with  water.  To  aaoartain  this 
point,  portions  of  the  globules  were  dissoWedin  dilute muriatie 
and  sulphuric  adds,  and  were  fbnnd  in  most  caaes  to  ev<^  hy- 
drogen. Some  specimens  of  the  globules  gaiva  off  not  a  trace 
of  ^as  when  th^  dissolved^  and  must  have  consisted  of  the 
detinite  oxide;  a  point  of  interest  in  connection  with  the 
fact  ;iln»ru]y  Tneutioned,  tlmt  globules  u'oro  frequently  ob- 
served to  drop  into  water  without  any  bubbles  oi  gas  rising 
from  them. 

The  volume  of  livdrogen  however  given  off  in  some  of  the 
trials,  when  the  product  of  combustion  was  placed  in  acid, 
\Yas  very  considerable.  A  giuduated  gas  jar  was  filled  with 
dilute  sulphuric  acid,  and  inverted  over  a  small  capsule  oon^ 
taining  100  grains  of  the  crushed  globules,  which  was  placed 
in  a  baisitt  also  oontaining  dilute  aoid*  By  this  arrangaaent 
the  gaa  was  collected  and  measured  at  the  aame  time,wiUi0at 
risk  of  mixing  with  air,  or  neoeMityfinr  watching  the  pmieess, 
which  is  a  slow  one.  100  graina  trented  in  this  waj  gaite  otf 
16  cubic  inches  of  hydrogen,  corresponding  to  9  grains  of 
iron.  The  experiment  was  accidentally  stopped  at  this  point 
whilst  the  pns  was  still  risiiip:  in  undiminished  quantity. 

Metallic  iron,  tben,  was  certainly  prcpicnt  in  many  ot  tlic 
globnl'  s,  and  ui  this  1  had  direct  ocular  demonstration.  On 
crushiug-  some  of  them  in  a  mortar,  they  were  found  to  sepa- 
rate into  a  jshell  of  pulverimble  oxide,  and  a  core  of  iron 
which  formed  o  nearly  spherical  pellet.  In  one  case  SUgrauis 
of  the  globules  were  crushed,  the  pellets  separated,  and  the 
lendue  phioed  in  diluted  sulphuiio  aoid.  It  did  not  avohrt  n 
trace  of  hydragen  in  the  cowne  of  twenl^-fimr  hom.  thm 
pellets  were  then  added  to  the  aame  acid,  and  gaire  off  19 
cubic  inches  of  gas  s  13*6  per  cent,  of  iron  in  the  globiilaa*. 
The  aheU  of  ojMe  is  finquently  imparfeet  or  parmtedy  m 

•  In  noBt  of  the  «sp«riaienti  wat  the  thermotneCer  or  bsrometer  ape* 
dsllr  oiMMm^  ss  aiiattte  meemiBf  vti  at*  sliasd  at. 
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that  water  or  any  other  liquid  penetrates  to  the  iron  om>aiid 
it  subject  to  its  influence.  When  this  becomes  known^  it 
need  not  surprise  us  that  most  of  the  globules  should  rapidly 
rlcromiiose  water.  After  oh?r*rvinf^  this  fact,  I  tried  thi^ 
etiect  of  thin  and  thick  coils  of  v  Ire,  ;iiul  found  that  the  latter 
invariably  gave  off  the  prcater  valume  of  gdb.  When  the  coil 
is  80  thin  that  the  metal  all  oxidizes,  no  gas  is  evolved  at  all, 
A  thick  coil  indeed  furnishes  a  .striking  mode  of  illustrating 
to  a  class  the  principle  of  Lavoiyiei  «>  mode  of  decomposing 
water^  and  forms  a  beautiful  addition  to  the  iron-wire  expe- 
liomit* 

Fnm  thsse  observatioiiB  fStm^  it  irould  seem  that  white* 
hot  <ucide  «f  imm  cennol  deoompose  water  in  the  way  white*- 
hot  platinum  does.  But  before  any  conclusion  can  be  drawn 
from  this  fact  inimical  to  Mr.  GroYe's  views,  or  favourable  to 
the  opinion  that  a  specific  property  of  the  platinum  has  moie 
to  do  with  the  decomposition  of  water  than  its  mere  tempera- 
ture has,  we  should  recjuire  to  know  how  far  the  two  white- 
hot  bodies  are  to  he.  considered  as  at  the  same  temperature» 
In  Mr.  Grove's  expeniiK  nt^,  platinum  is  raised  to  high  a 
heaL  a^j  it  c|in  bearwithDut  fusing.  It  must  then  he  elevated 
to  a  temperature  much  above  that  necessary  to  make  iron 
while  lioi,  or  to  fuse  its  oxide^  for  our  forges  can  melt  non 
and  its  oxides,  but  do  not  fuse  platinum.  It  may  also  be  re- 
markad,  that  bright  as  the  light  emitted  by  burning  iron  ii^ 
it  iaUs  short  in  intensity  of  tmit  men  off  by  platinum  on  the 
Teige  of  fusioa.  It  seems  acooidingly  probable,  that  during 
the  combustion  of  iron  in  oxygen  the  temperature  never  rises 
high  enoujsh  to  confer  upon  the  resulting  oxide  the  power  of 
decomposing  water.  The  question  admits  of  direct  aeciuon» 
by  ascertaining  whether  oxide  of  iron,  heated  by  the  oxy- 
bytlrdffin  blowpipe  to  as  high  a  temperature  as  fusing  pla- 
tiniiin,  ac  fjuires  the  power  of  decomposing  water  without  ap- 
propriating to  itself  either  of  its  elements,  liut  it  would  have 
been  an  intericrcace  with  Mr.  Grovels  own  researches  to  have 
made  experiments  i/i  Uii^i  kmuj  uud  1  have  accordingly  left  the 
question  undecided. 

Meanwhile  the  experiments  I  have  recorded  are  of  some 
little  interest^  as  at  least  showing  that  not  only  a  white  heat« 
hat  a  Mfi^  white  heat,  is  essential  to  the  successful  p^orm- 
ance  of  Mr.  Qrove^a  experiments.  Unfortunately}  we  have 
not  at  present  any  method  of  measuring  high  temperatures 
which  admits  of  resdy  application  or  secures  great  accuracy. 
"  White  heat"  is  in  fact  a  vague  expression  for  a  range  of 
temperature,  of  the  extremes  in  either  direction  or  extent  of 
which  we  have  no  very  precise  knowledge.  T}\e  power  of 
the  eye  to  measure  the  relative  inteofiities  of  the  li^ht  evolved 
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by  white-hot  bodies  is  very  limited,  and  \  nrijs  o:reatly  in 
different  individuals.    But  the  experiments  i  have  recorded 
seem  to  supply  the  means  of  so  far  at  least  defining  the  white 
heat  requisite  for  the  reparation  of  the  elements  of  water, 
liiasuiuch  as  tiicy  show  that  it  must  at  least  exceed  the  tcui- 
perature  uecessaiy  for  the  fusion  of  malleable  iron  or  its  black 
oadde.   If^  moreover,  the  deoomporing  powers  of  the  cieetrio 
spartc  be  solely  referable  to  its  temperstorey  m  seem  entitled 
to  condade^  mm  the  experiments  I  have  detailed,  that  the 
heat  of  the  smallest  spark  that  can  deconipose  miter  is  at 
least  equivalent  to  that  of  fusing  platmum*  They  appear  also 
to  warrant  another  conclusion.    It  was  suggested  by  Dr* 
Leeson  and  by  Mr.  Hunt,  that  the  bursting  of  steam-boilers 
might  occasionally  be  owing  to  the  metal  they  conRist  of  be- 
coming white-hot  and  decomposing  water  like  platinum,  with 
tiic  rejection  of  both  its  elements*.    This  inpi-etiious  sugges- 
tion seemed  to  myself,  before  makmg  experiments  w  xih.  iron, 
likely  to  prove  just ;  but  as  fusing  white-hot  iron  appears 
unable  to  decompose  water,  otherwise  tlian  by  combming 
with  its  ox^gen^  it  is  impossible  that  the  walls  of  a  boiler  can 
ever  be  raised  to  a  temperature  sufficiently  high  to  endile 
them  to  separate  the  elements  of  water  in  uie  way  platinum 
does. 

I  may  now  be  permitted  to  make  some  comments  on  the 
rationale  of  the  results  obtained  by  Mr.  Grove.  That  gentle- 
man, it"  I  understand  him  aright,  considers  the  decomposition, 
of  water  by  white-hot  platinum  not  only,  as  assuredly  it  is,  a 

remarkable  and  unexpected  result,  but  ns  evidencing  on  the 
part  of  heat  a  powpr  to  ])roducc  op[)osite  or  dissimilar  chemi- 
cal effects  in  the  same  cue u instances.  He  is  reported  in  the 
Athenieum  (Sept.  19th,  184G,  p.  966)  to  have  "announced 
his  discovery  that  all  the  processes  by  which  water  may  be 
funned  are  capable  uf  decomposing  water (p.  966).  If  by 
this  statement  be  simply  meant,  that  heat  combines  oxygen 
and  h}  dro^n  into  water,  and  decompose*  water  into  tl^se 

gases,  it  will  he  admitted  to  be  a  just  condusioB ;  but  it  may 
e  questioned,  I  think,  whether  Mr.  Grove's  experiments 
add  anything  to  our  knowledge  of  the  power  of  heat  to  eflcet 
chemical  changes,  except  in  so  far  as  they  simply  an  addi- 
tional very  remarkable  example  of  its  twomid  analytical  and 
synthetical  agency,  which  has  been  so  long  recognised.  Hy- 
drogen, which  as  a  gas  is  probnbly  the  vapour  of  a  very  vola- 
tile metal,  may  be  compared  witii  mercury,  also  a  volatile 
substance.  If  mercury  and  oxyi?e!i  he  lieated  together  to  the 
temperature  of  662°  F.,  they  coiubiac  and  lorin  the  i  ( d  oxide  of 
the  metal.  If  this  resulting  oxide  be  raised  to  a  low  red  heat, 
•  Atheimini,  5c|>t.  19U),  p.  966. 
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it  is  decompused  into  inorcury  and  oxygen.  In  like  manner, 
if  hydrogen  and  oxygen  be  raised  together  to  the  tempera- 
ture of  6G0^  F.*,  they  unite  and  form  water.  If  the  resulting 
water  be  niaed  to  a  n^itte  heat,  it  u  leeobnd  into  hydrogen 
and  oxygen.  Both  metals  (?)  pment  the  aame  phraomena* 
At  one  tempeiature  (nearly  the  same  in  both  caaea)  oombinft> 
tioii  with  oxygen  occim;  at  a  higher  temperatnre,  decompo- 
sition of  the  oxide  ha])pen8.  Many  other  cxamplea  might  be 

Siven  in  iUiiatiation  of  the  aame  fact.  Such  cases^  however, 
o  not  seem  to  warrant  a  conclusion  as  to  heat  exhibiting 
anything  like  a  polarity  of  force,  by  ^vhich  I  understand  tiie 
manifestation  in  opposite  directions  of  opposite  powers  of 
ecjual  intensity.  At  all  events,  if  the  opposite  effects  of  dif- 
ferent intensities  of  the  same  a^ent  be  considered  equivalent 
to  a  polarity  of  action,  it  is  diihcult  to  see  what  force  may  uot 
be  called  a  polar  one.  The  decomposing  and  combining 
power  of  he.at  of  different  intensities,  seems  exactly  compara- 
ole  to  the  opposite  effects  of  different  intensities  of  mechanical 
imnnlae* 

If  two  pieoea  of  smooth  glass  are  laid  together  and  struck 
gently  or  compressed  slightly,  they  unite  or  cohere.  If  the 
united  pieoea  are  thereafter  exposed  to  a  sharp  blow  or  to 
great  compression,  the  union  ia  dissolved^  or  they  are  shat- 
tered to  fragments.  Here  the  same  force  effects  mechanical 
synthesis  and  mechanical  analysis.  But  in  these  contrasted 
actions,  as  seems  to  be  the  case  also  in  Mr,  Grove's  experi- 
ments, the  results  are  occasioned  by  a  difference  in  degree  of 
intensity  of  the  same  power,  not  as  in  the  opposite  efi'ectR  of 
a  polarizing  force  like  electricity,  by  a  difference  in  the  kind 
of  power  which  appears,  wiiatever  be  its  intensity.  There  is 
one  form,  indeed,  of  Mr.  Grove's  experiment  which  at  first 
sight  does  not  appear  to  adjnit  of  the  explanation  proposed 
in  reference  to  tae  other  triala-^I  aUude  to  the  decomposition 
of  Bteam  by  the  i^ectric  mri^  which  is  well  known  to  hare 
the  power  of  combining  hydrogen  and  oxygen  into  water« 
A  similar  experiment  waa  made  in  perfaapa  a  still  more  in- 
structive form  in  the  latter  part  of  last  centiuy  by  fieccariafy 
Pearson  and  Van  Troostwyky  and  more  recently  by  Wollas- 
ton  Xf  in  his  well-known  decompositions  of  water  with  guarded 
pole*^.  In  certain  of  these  trials  it  -wii^  found  that  Leydeu 
jar  disc  h;irges  sent  through  water,  decoinposed  it  till  the  ac- 
cumulation of  permanent  gas  lei't  the  wires  bare ;  after  which 
the  first  spark  that  passed  rccombiued  the  gases  into  water, 
whicii  again  covered  tlie  wire,  when  decomposition  could 

•  5raham'8  Elcmcnt.s,  Ut  edit.  p.  2.3!). 

t  Letters  dell'  Elcctrecisnio,  quoted  in  Lardner's  Electricity,  vol.  i,  p.  78. 
I  Fwndmft  fileetrioal  Bsseswliw^  iwitt  a,  paragraph  3S». 
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aoflir  be  oliteined.  Here^  to  appearenoe»  the  siine  Ment  aeU 
ing  with  the  same  tntendtyi  tutenuttely  deoompoeed  and  i»- 

composed  water.  For  argument* e  mm,  let  it  be  acknow- 
ledged that  the  heat  alone  of  the  apaik  was  the  canse  of  che> 
mml  ehanoe.  Neverth^eee  it  may  be  qneetioned,  whether 

it  acted  with  equal  intensity  in  both  cases.  The  electric  spark 
must  he  conceived,  according  to  the  results  already  given,  to 
be  at  tir&t  ut  ;i  Iwjh  white  heat,  and  whilst  retaining  this  tem- 
perature we  may  bi  lieve  it  to  possess  a  ])ower  of  disuniting 
the  elements  of  \N  ah  r,  and  of  preventing  their  union.  But  as 
soon  as  the  spai'k  tails  to  the  temperature  of  660^  F.,  it  loses 
its  power  of  decomposing  waUr,  and,  on  the  other  iiauJ,  ac- 
quires a  power  of  uniting  liydrogen  and  oxygen.  Although 
uierefim  the  spark  is  always /t<mkiM  of  tlie  aame  intensity, 
ita  aotion  maj  change^  and  cren  be  revevaed*  aa  ita  inlantt^ 
diflBiniahea.  Moreover^  even  when  the  ajparfc  ia  white-ho^  it 
ia  only  the  amount  of  matter  direetlj  in  ita  track  that  iviU  be 
raiaed  to  a  white  heat.  Contiguous  porliona  will  b«v«  their 
temperature  much  lower,  so  that  in  the  case  of  hydrogen  and 
oxygen,  at  some  little  distance  from  the  route  of  the  spark, 
the  temperature  wiW  be  GGO°  F.,  and  there  combination  will 
begin,  and  ultiaiatcly  extend  through  the  whole  mns-^  of  gas. 

In  Hke  manner,  when  a  platinum  wire  \^  made  whue-hot  in  a 
mixture  of  hydrogen  and  oxygen,  it  causes  their  combination. 
Here  we  may  suppose  that  uniun  occurs  as  soon  as  the  tem- 
perature of  the  metal  rises  to  GGiP  h  .,  and  betbre  it  acquires 
a  white  heat.    Or  if  we  were  to  arrange  matters  so  that  the 
wive  should  be  made  white-hot  in  a  vacuum  and  hydrogen 
and  oxygen  afterwards  admitted  to  it»  atill  union  of  the  gaaea 
ahoold  happen;  fiwf  althoush  the  wire  might  prevent  9oa^ 
bination  immediately  aromid  itself,  at  no  great  daatanoe  wheva 
the  temperatnva  waa  below  700°  F.  it  would  compel  inii  ti« 
In  all  annh  experiments  the  combining  efiect  d  heat  will  be 
moeb  more  manifest  than  its  decomposing  power ;  not  that 
periiaps  the  former  is  in  reality  greater  than  the  latter,  but 
because  llame  is  pro])agated  through  a  mixture  of  hydrogen 
and  oxygen  by  a  ^^rries  of  rn!}i])uvtinns.    The  hot  wire  or  the 
electric  spark  kindies  only  the  portions  of  gas  immediately 
adjacent  to  it,  but  the  combustion  of  those  sets  lire  t<>  the 
molecules  contiguous  to  them,  and  these  in  their  turn  Lu  their 
neighbours,  till  all  are  made  to  burn,  'i'lma  the  flame  travcLi 
after  the  orupinal  cauae  of  oombuition  haa  eeased  to  operate 
dtnetlj)  and  the  momentary  ootion  of  a  amall  spark,  or  tha 
tnwaient  hant  of  a  fed«hot  capiUary  wire  may  suffice  to  fire 
an  infinitely  Ima  mass  of  hydrogen  and  oxygen.  There  ia 
no  pfoviaion  mr  a  similar  propagation  of  decomposition 
through  water  or  ateain  when  either  is  made  irtute-hot|  tha 
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absolute  aitiount  accordingly  of  disunion  ot*  the  elemeuU  of 
water  occasioned  is  very  small. 

If  allowance^  however,  be  made  &r  the  apparent  diflSnrenee 
ia  extent  of  efieet  which  heat  ahows  in  uniting  and  in  die* 
uniting  the  elements  of  water,  the  phaenomena  otherwiae 
seem  referable  Bolely  to  the  intenatty  of  the  temperature  to 
which  hydrogen  and  oxygen  are  expoied.  The  oppouta  poro- 
resRos  min;ht  ^^o  on  simultaneously,  union  or  disunion  being 
determined  simply  by  the  different  temperntures  to  which 
different  portions  of  the  gases  were  raised.  At  least  it  seems 
not  imprubable  that  if  a  mixture  of  fitcam  and  of  hydroorcn 
and  oxygen  were  exposed  to  electric  (li>rharfre,  decomposition 
of  the  steam  and  combination  of  the  hydrogen  and  oxygen 
might  be  effected  by  the  same  spark,  provided  the  volume  of 
aCeam  were  not  large.  In  the  track  of  the  apailc  decompo- 
aition  would  occur,  so  long  as  a  white  heat  prevailed*  When 
the  temperature  fell,  combination  would  happen  where  the 
•park  had  passed,  if  it  had  not  already  commenced  in  the 
neighbourhood  of  ita  direct  route.  Similar  remarka  apply 
mviafh  mutandis  to  the  action  of  a  hot  [)latinuni  wire  on  a  mis* 
ture  of  steam  witli  oxygen  and  hydrogen. 

It  may  be  objected  to  this  view,  that  Mr.  Grove  decom- 

1)0808  steam  in  his  eudiometer,  and  obtains  a  permanent  bub- 
>le  of  gas,  consistinf^  of  hydrogen  nm!  ux  vjLrcn.    The  bubble 
however  obtauied  in  this  way  is  very  small,  and  could  not 

probably  be  greatly  increased.  Mr*  Grove  has  not  mentioned 
now  large  a  volume  of  hydrogen  and  oxygen  he  could  obtain 
in  the  same  eudiometer,  by  alternately  Mling  the  water  till 
the  steam  produced  caused  the  liquid  to  fall  below  the  wire, 
and  allowing  the  steam  to  condense  till  the  water  rqse  above 
the  metal.  But  I  venture  to  say  that  no  large  volume  of  jiei^ 
mancnt  could  be  procured  by  this  proce"*!;  if  tlic  same 
eudiometer  were  employed  many  times  successively.  The 
combining  action  of  the  wire  might  not  take  ettect  on  the 
hydrogen  and  oxyprcn  when  their  quantity  was  small,  and 
they  were  diluted  ili rough  a  large  volume  of  steam,  for  in 
virtue  of  the  law  of  diffusiou,  the  molecules  of  hydrogen  and 
oxygen  would  be  separated  from  each  other  by  moleculeB  of 
water-vapour  ;  but  when  the  latter  diminished  in  bulk,  it 
seems  impoasible  to  doubt  that  kindling  of  the  gases  would 
occur. 

Mr.  Grove's  experiments  then  do  not  appear  to  prove  that 

heat  of  the  same  intensity  is  able  in  the  same  circumstances 
to  form  water  and  to  decompose  it.  When  therefore  it  is 
stated  that  water  can  !>e  produced  by  the  processes  that  dis- 
unite its  elements,  the  word  *  process '  can  oidy  be  uuderstooil 
to  signify  that  the  general  arrangement  in  both  coses  is  the 


Digitized  by  Google 


188  Br.  Wilson  on  the  DecmpotUUm     Water  bff  Pkiiimtm. 


same,  not  that  the  intennty  of  the  a|;ent  oaUed  into  pl^>  or 
its  mode  of  action  is  iitenticaL  If  this  oould  be  affirmed^  we 
should  be  able  to  annoonoe  as  a  general  propositioD,  that 
manifestations  of  the  same  fince  absolutely  identical  as  to 
(^ualitj,  quantity  and  intensity,  could  produce  totally  oppo- 
site results,  which  would  be  tantamount  to  affirming  that  un- 
like effects  may  flow  from  the  same  cause,  without  any  altera- 
tion in  tho  quiilities  or  conditions  of  the  latter. 

The  last  observati  on  T  would  make  refers  to  the  curious 
fact  noticed  by  Mr.  Giuve,  nauiely,  that  when  a  ))latinum  wire 
is  heated  white-hot  in  steam,  "in  a  few  seconds  a  small  bub- 
ble of  gas  is  formed ;  but  if  the  action  be  continued  far  a 
week^  it  does  not  increase  in  quantity*/' 

Are  we  to  suppose  that  the  we  is  at  the  same  time  deeom- 
posing  water  around  itadf,  and  producii»  water  at  a  little 
distanee^  undoing  in  one  place  what  it  enects  in  another,  so 
that  no  permanent  accumulation  of  gas  is  allow  ed  to  take 
place?  This  is  possible,  but  I  think  not  likely.  Tlie  ob- 
ser%'ation  mm\e  by  Mr.  Grove  seems  sufficiently  explicable, 
on  the  supposition  that  as  soon  as  the  wire  is  completely  en- 
veloped in  steam,  the  therm o- circulatory  currents  which  the 
high  temperature  occasions  in  the  vapour  picvent  it  from 
remaining  long  enough  in  contact  with  the  wire  to  become 
heated  white-hot.  The  steam  probably  circulates  endlessly 
around  the  wire  without  a  trace  of  deoompoeitkm  occurring 
in  it.  It  seems  not  unlikely  indeed  that  in  Mr.  Groves  ex- 
periments with  his  eudiometer  it  was  not  steam  that  yielded 
the  hydrogen  and  oxygen  obtained*  but  the  hist  film  of  water 
below  the  wire»  which  could  not  escape  from  the  metal,  but 
tended  rather,  in  consequence  of  its  expansion,  to  rise  townnls 
it,  and  was  thus  compelled  to  nrqnire  n  white  heat,  and  to 
break  up  into  its  elements.  If  this  view  be  correct,  an  ar- 
rangement where  a  white-hot  wire  or  sheet  of  platinum  foil 
was  kept  grazing  the  surface  of  water,  might  be  tbund  to 
effect  a  continuous  decomposition  of  the  liquid  in  question. 

It  is  no  objection  to  this  view  that  an  electric  spm  decora- 
poses  steam  readily,  for  the  duration  of  the  spark  is  so  short, 
that  there  is  no  time  for  the  |iroduotion  of  tnermoHsumnCs, 
nor  any  possibiUtjr  of  the  steun  esci^iing  fimn  the  powerful 
topuad  action  of  the  discharge.  The  spark  may  be  oomnared 
to  Eliminating  silver,  whose  action  is  instantaneous  and  vio- 
lent, but  quite  local, — the  hentrd  platinnni  to  gunpowder,  the 
effect  of  which  is  cumulative  and  more  general* 

•  Adi«D»iiin,  8«pt  19t]i,  1S46«  p.  966. 
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XXXIIL  An  account  if  a  Discovery  in  tke  Tkeoryo/NMen 
rdaiive  to  the  EqtuUion  A«"+ By>+ Gt^s  D^ar.  By  J.  J. 
Stlybstkb,  Btq*t  Mji,y 

First  General  Theorem  of  Tramfoi'mation, 

TF  in  the  equation      Aa^+ By3  +  C^=Da3^«    ♦   •  (1.) 

A  and  B  are  equal,  or  in  the  rntio  of  two  cube  numbers  to 

one  another,  and  if  5?  ABC~D^  (which  I  shall  call  the  De- 
terminant) is  free  from  all  single  or  square  prime  positive 
factors  of  the  form  6n-f- !»  hut  without  exclusion  of  aihic  factors 
of  such  form,  and  if  A  and  B  are  each  odd,  and  C  the  double 
or  quadruple  of  an  odd  number,  or  if  A  and  \\  are  each  even 
and  C  odd,  then,  I  say,  the  given  equation  may  be  made  lo 
depend  upon  another  of  the  vstm 

where  A'B'C'  =  ABC 

D'  =  D 
tt .  V .  W  =somc  factor  of  z. 
The  fbliowing  are  some  of  the  consequences  which  I  deduce 
from  the  above  theorem.    In  stating  then^  it  will  be  convenient 
to  use  the  term  Pure  Factorial  to  (ie^iMiiaLe  anv  number  into 
the  cuuiuosltion  of  which  no  siugle  or  square  piiuie  positive 
&ctor  of  the  form  6  ;i  + 1  enters. 
The  equations      sfi  +    + SIx^sD^yxr 

+  2;/^  +    =  D.rj/z 

are  insoluble  in  integer  numbers,  provided  tliat  the  Determi- 
nant in  each  case  is  a  Pure  Factorial. 

The  equation      r^+2^  + Ar^=9B.rys 
is  insoluble  in  integer  numbers,  provided  that  the  Determinant^ 
for  which  in  this  case  we  may  substitute  A  — '27B^,  is  a  pure 
factorial  whenever  A  is  ul  the  form  9n+l,  and  cc^ual  to 
SH?"*'  or  ♦p*'*',  J3  being  any  prime  number  whatever. 

I  wish  however  to  limit  my  assertion  as  to  the  insolabilit^ 
of  the  eqaations  above  given.  The  theorem  from  which  this 
coDclDsioQ  is  deduced  does  not  predode  the  poesibility  of  two 
of  the  three  quantities  x^y^  z  being  taken  positive  or  negative 
umtSf  either  in  the  given  equation  itself  or  in  one  or  the  other 
of  those  into  which  it  may  admit  of  being  transformed.  Should 
such  values  of  two  of  the  variables  afford  a  particular  solution, 
then  instead  of  athrming  that  the  equations  rtrp.  insoluble,  1 
should  aflirm  that  the  general  iobdion  cau  be  obtained  by 
equalians  in  finite  dilFerencest. 

♦  ConiiiniTiicait.'ii  by  the  Author. 

i  Take  tor  iai>taiice  the  e4uation  jr^-f-y^-^s'sD^^z.    The  Dgtcrmiimot 
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Seetmd  General  Thiorem  qf  TramfbrmaHon, 

The  equation  y .r^  +  rfy^  +  Pz^  =  K.tt/z  .  .  .  (2.) 
may  always  be  made  to  depend  upon  an  equation  of  the  form 

where  ABC=R»-S» 

D  =  SR; 

and  «•  o.»  ss  floma  fiustor  of/r4-gy  +  hz, 

R  representing  K  +  6/gk 

8  K'^S^^A* 
I  have  nol  leisure  to  tbow  the  conseauences  of  ibis  theorem 
of  transformatiOD  in  connexion  with  the  one  first  given,  but 
shall  content  myself  with  a  single  numerteal  example  of  its 
applications :  ^  +^ + ^»  -^Ssyz 

may  be  made  to  depend  on  the  equation 

and  is  therefore  insoluble. 

It  is  moreover  apparent  that  the  Determinant  of  cquulton 
(^)  transtbrmed  is  in  general  —  27H^  and  is  therefore  always 
a  Pore  Fsctorialy  and  consequently  the  equatioa 

win  be  itself  insoluble,  being  convertible  into  an  insoluble  form^ 
provided  that  K-\'G/^7i  is  divisible  by  9,  and  provided  further 
that  (K-^6/gh)^  —  (K-S/gkf  belongs  to  the  form  »i'.Q, 
where  Q  is  of  the  form  9«+ 1,  and  also  of  one  or  the  other  of 
the  two  forms  2jpr*'^^^  4/^^^^  p  being  any  prime  number  what- 
ever. 

Pressing  avocations  pre ve?)t  me  IVdiii  <.iitering  into  further 
developments  or  simpUhcaUuns  :iL  iIjis  pre  sent  time. 

It  remniiii  for  me  to  state  my  iciL^uui  lor  putting  forward 
these  discoveries  in  so  imperfect  a  shape.^  The^  occurred  to 
me  In  the  course  of  a  rapid  tour  on  the  continent,  and  the 
results  were  communicated  by  me  to  my  illustrious  friend  M. 
Sturm  in  Paris,  who  kindly  undertook  to  make  them  known 
on  my  part  to  the  Institute. 

Unfortunately^  in  the  bait  of  Invention  I  got  confused  about 

^'25  is  a  Pure  Factorial :  consequently  if  the  solution  be  powible,  since 
in  ti  n  rn«c  tlic  trarr^fdrn  ictl  n -i^t  !u»  irlcnticjil  witli  the  p'vcfi  rf]tint'nn ,  this 
latter  must  be  capable  of  being  satisfied  by  niakiug  jt  and  v  positive  or  ne- 
ntive  units.  Upon  trial  we  &nd  that  jr=l  ^=1  z=2  wiUtatisfy  the  equa- 
3m.  I  IwHtff b  fcl  htm  mot  BiUy  fo»e  througli  the  wetfc  of  veriBcatioii, 
that  these  arc  llie  only  possible  values  (prime  to  one  another)  which  will 
8ati<^f\'  the  equation.  Should  tiuy  not  he  so,  my  method  will  infaiitbty 
enable  me  to  discover  and  to  fpre  the  law  for  tlie  formation  of  all  the  others. 

Here,  then,  under  any  drcumitance^  ii  en  ensapl^  ttiefiM  •«  reeerd^ 
of  the  complete  resolution  of  %  ttiimefiail  eyistioa  of  the  dM  dfgm 
tveen  thcee  vamblei. 
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the  lair  of  oddness  and  evenness,  to  which  the  coefficients  of 
the  given  equation  are  in  the  firat  theorem  generally  (in  order 
for  the  succeimfid  application  of  my  method  as  far  as  it  is  yet 

developed)  required  to  be  subject.  I  stated  this  law  erro- 
neously, and  conse(juently  drew  erroneous  conclusions  from 
my  Theorems  of  rransrormation,  wliich  I  niii  vci  v  anxious 
to  seize  the  earliest  oj)j)()i  tunity  of  correcting,  i  vcntm  e  to 
flatter  myself  that  as  OiK'uing  out  a  new  field  in  coiniexiou 
with  Fermat*s  renowned  Last  Tlit:orem,  and  ai>  breaking 
ground  in  the  solution  of  equations  of  the  third  degree,  these 
resuiu  will  he  generally  allowed  to  constttate  an  unportant 
and  snhstantial  accetaioo  to  oar  knowledge  of  the  Theory  of 
Numberf. 

S6  liiaeola'i  Inn  FSttldi» 

Ango>t  H 1847.  

XXXIV.  Experiment  made  at  the  Kew  Observafonj  on  a  new 
Kite^jJppai  uLu^i  Jur  Meleoi  ologicai  Ob:iervaiwnii^  or  ulher 
purposes*, 

MR.  W.  R.  BIRT  (on  the  14th  of  this  month)  toi)k  some 
kiti  ^,  &c.  to  the  Kew  Observatory,  for  the  purpose  of 
endeavouring  to  ascertain  how  far  it  might  be  practicable  to 
measure  the  force  of  wind  at  vai  ious  elevations  by  their  means, 
and  (in  the  mere  manipulation  of  his  experiments)  was  assbted 
by  Mr.  Ronalds.  After  several  trialsi  Sdc.  they  agreed  that 
the  sudden  vanatlons^  horizontal  and  vertical,  in  the  position 
of  the  kite,  the  great  difficulty  of  making  a  kite  which  should 
present  and  preserve  a  tolerable  approximation  to  a  plane, 
that  of  measuring,  ¥rith  sudicient  accuracy,  at  any  required 
moment,  tto  inclination,  and  lastly,  the  influence  of  the  tail, 
would  always  tend  to  render  the  observation  somewhat  unsa- 
tisfactory. Mr.  Ronalds  then  proposed  to  try  the  following 
method  of  retaining  a  kitein  a  quasi  invarialile  pfivcn  position. 
Three  coi  i!*;  were  attached  to  an  excellent  hexagonal  kite  of 
Mr.  Bin's  consti  iction;  one  in  the  usual  manner,  and  one 
on  each  side  (or  winL,^.  The  kite  was  then  raised  as  usual; 
the  two  lateral  cords  were  hauled  downward  by  persons  stand- 
ing ai  ihe  apices  of  a  large  equilateral  triangle  (described  upon 
the  ground)  until  the  ascend mg  tendency  became  considerable 
(even  when  the  force  of  the  wind  was  at  its  minimum),  and  the 
three  cords  were  made  last  to  stakes  or  held  in  »e  hand* 
He  had  entertained  no  expectation  of  the  fiivourable  resoltof 
this  simple  and  ohfvioas  oontrivanca*  The  place  of  tiie  khe 
did  not  seem  to  vary  so  much  as  one  foot  in  any  direction,  and 
it  really  appears  to  him  probable  that  a  very  large  kite  or 
kites  might  be  employed  in  this  kind  of  manner  qfieH  and  very 

•  CoauaaaiGSted  1^  Mr*  Roasldi. 
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cheaply  as  a  substitute  for  a  captive  balloon  in  meteorological 
inquiries,  or  even  (on  a  very  extensive  scale)  for  other  require- 
ments in  military  science,  &c.  An  anemometer,  a  thermo- 
meter, an  hygrometer,  &c.  of  boaic  registering  kinds,  &:c., 
might  be  hauled  up  and  lowered  at  pleasure  (like  a  flag)  by  a 
person  standing  in  the  centre  of  the  triangle  (above  referred 
to),  and  by  means  of  a  line  passing  through  a  liulc  block 
Attached  to  the  kite.  The  cords  and  kite  should  of  course  be 
of  pure  silky  for  the  sake  of  lightness,  combined  with  estreme 
strength,  and  the  size  and  thickness  in  some  measure  adapted 
to  the  breeze  or  lighter  air.  The  silk  might  be  advantageoosly 
covered  widi  a  very  light  coat  of  elastic  varnish. 


XXXV.  On  Traa^fcrmatUm  prod^iced  by  Catalytic  Bodka, 

By  Lyon  Platpaib,  j^^^.'" 

"DERZELIUS  rendered  a  most  useful  work  to  science,  when 
he  collected  into  one  class  those  varied  phsenomena  of 
chemical  action  resulting  from  causes  certainlj  verj'  difimnt 
from  the  ordinuL  \  noanifettations  of  those  affinitiei^  whidi 
produce  combinations  or  promote  decompositions.  This  phi- 
losopher believes  the  power  t)  which  causes  decomposition 
without  the  acting  bodv  participating  in  its  result,  to  be  a 
distinct  electro-chemical  agency  different  from  other  recog- 
nised powers,  and  he  named  it  the  Catalytic  force.**  Ac- 
cording to  this  %new,  catalytic  bodies  do  not  act  by  chemical 
affinity,  but  they  excite  inherent  nffiiiities  in  other  substances, 
in  consequence  of  which  new  combinations  or  decompoai> 
tions  ensue. 

Mitschcrlich  |,  adopting  tins  view,  considered  a  number  of 
catalytic  decompositions  in  detail,  aiul  bhuwcd  the  important 
influence  exerted  by  the  state  of  surface  of  bodies  in  favouring 
this  peculiar  action,  which  he  denominates  decomposition  by 
eaniaei^  The  ezamplesy  adduced  m  this  interesting  memoir, 
of  the  &vourable  action  of  an  extended  surface  tipon  combi- 
nation, fully  prove  that  the  physical  condition  of  bodies  ex- 
ercises an  important  influence  upon  the  action  of  this  force; 
but  they  do  not  remove  the  necessity  for  studying  the  foroe 
itself,  as  it  may  other  be  a  vis  occulta,  entirely  distinct  from 
powers  already  recognised,  as  Berzelius  supposes,  or  may  be 
modified  forms  of  those  in  continual  operation. 

JUebigi  views  the  catalytic  power  as  a  dynamical  action 

*  CoauDitokatad  by  the  Chemical  SodeU;  haviag  bten  nad  April  ^ 
X847. 

f  JaJiretberichlt  xv.  237. 

X  Taybr^s  Sdentifie  Memoin,  Put  ziiL ;  or  Pogg.  Aim^  ml.  281. 
%  Lieb^s  Chmn.  of  AgrioidCan^  4th  edit.,  p.  SM. 
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on  the  atoms  of  a  complex  molecule,  conceiving  that  the  ac- 
tivity of  the  atoms  of  a  body  in  a  state  of  motion  may  be 
communicated  to  those  of  another  body  in  a  state  of  rest. 

The  atoms  of  a  rompound,  nccorrlin^^  to  this  view,  if  in  n  J^tate 
of  exact  statical  equilibrium,  an  ani^e  themselves  according  to 
new  affinities,  when  the  tv>  inertixc  is  overcome  by  motion. 
In  proof  of  this  view,  Liiliiij,  carefully  examines  a  larc-c  num- 
ber of  decompositions,  and  accounts  for  aume  of  tiic  most 
difficult  transformations  in  organic  chemistry. 

But  there  are  many  instances,  to  which  I  shall  have  to 
draw  attention  in  the  present  memoir^  where  catalytic  de- 
compositions ensue  when  there  is  no  intestine  motion  in  the 
atoms  of  the  exciting  body ;  and  hence  we  cannot  do  more 
than  consider  motion  as  favourable  to  the  development  of 
dormant  affinities,  in  a  manner  similar  to  the  surface  action 
described  by  Mitschrrlich.  The  power  of  peroxide  of  hy- 
drogen and  of  pyruvic  acid  to  reduce  oxide  of  silver  is  cer- 
tainly a  singular  plijcnomenon,  and  appears  favourable  to 
Liebi^s  views ;  but  the  cause  of  the  original  decomposition 
of  the  peroxide  of  hydrogen  cannot  be  ascribed  to  niotiou,  as 
the  atoms  of  the  oxide  of  silver  are  not  in  that  state,  and 
those  of  the  peroxide  of  hydrogen  either  not  at  all  or  only 
slightly  so.  Neither  will  it  suffice  to  suppose  that  the  escape 
of  gas  during  such  decompositions  is  due  to  the  presentation 
of  angular  points  from  which  the  gas  may  escape  because 
solutions  of  alkalies  equally  effect  the  decomposition,  acoord- 
inj^  to  TThenard  f.  The  cause,  therefore,  which  enables  cer- 
tain substances  to  hasten  the  decomposition  of  such  bodies 
as  peroxide  of  hydrogen  or  persulphuret  of  hydrogen,  al- 
though favoured  by  the  state  ui  surface  and  by  motion,  is  la- 
dependcut  ut  mere  physical  condition. 

In  furtherproof  of  the  importance  of  motion  m  causing  com- 
bination or  decompositioiij  Iddiig  cites  the  ftvourable  efiects 
of  agitation  on  the  precipitation  of  potash  by  tartaric  acid.  It 
may  he  questioned,  however,  whether  this  is  not  either  a  me- 
chanical hreaking  up  of  a  combination  or  the  simple  effect  of 
cohesion.  Thus  when  water  is  saturated  with  a  gas,  a  brisk 
agitation  with  a  rod  causes  the  separation  of  bubbles  of  gas 
previously  dissolved.  The  mechanical  force  may  here  be  sup- 
posed to  have  broken  up  tiie  compound  molecule  of  water  and 
gas  by  detaching  the  former,  and  thus  enabling  the  gas  to 
escape  by  its  elasticity.  In  the  precipitation  of  potash  by 
tartaric  acid,  colie:>ioii  may  elicct  liic  same  result  that  elasti- 
city does  in  the  case  of  gas,  the  agitutioa  knocking  olT  the 

•  Ana,  der  Jl*hurm,f  iL  22. 
f  Afm.  it  CMm,  H     Pkff9.,  xlviiL  79. 
PkiL  Mag.  S.  8.  Vol  81.  No.  807.       1 847.  O 
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atomt  of  water  wfaidi  are  ftdbfy  attadiecL  In  fKt  we  faunr 
that  the  additbn  of  alcohol  equally  aidt  the  prccipitatkni, 

the  action  here  being  a  chemiciil  separation  of  the  water^ 
as  in  the  other  it  is  mechanical.  The  diminished  solubili^ 
of  the  salty  after  it  has  been  influenced  by  cobanon  and  sepa^ 
rated  from  water,  has  its  coiintcrt)art  in  many  similar  in- 
stanr'  ;  for  example,  in  the  "^mall  solubility  of  anhydrous 
sulphate  of  iiun.  The  ctiect  of  agitation  on  a  soliiti*^n  of 
sulphate  ot  soda,  saturated  while  hot  and  allowed  to  cool,  I 
ascribe  to  the  same  cause.  The  supposed  effect  of  cohe^ioa 
or  olnsticity  in  these  cases  is  nothiujiz:  more  than  that  con- 
stantly ubscrveU  in  ordinary  phaenomcno,  when  the  gravit? 
of  a  Bubstaooe  ia  difiennt  fifom  that  of  the  medium  in  whi» 
iteodatflt  The  venelea  of  ivatsria  theatmoephm  may  beao 
email  that  they  float  in  it  and  firadnoe  fogs ;  but  wmo  ag^ 
gregaied  togmer  bj  the  motion  the  air,  they  form  dnip% 
wliKhjpieeipitate  to  the  gnnnd  with  a  ra|iklity  propoiiiaaate 
to  their  aiae :  the  converse  of  this  is  alao  tnia*  ThuSy  the 
i^des  or  aggregated  atoms  of  carbonic  acid  in  water  my 
oe  so  Tcry  small^  that,  with  the  slight  affinity  of  the  latter 
added,  they  may  be  enabled,  when  in  a  state  of  rest,  to  re- 
main without  re'iuming  their  elastic  form  r  hut  agitntion 
causes  a  larger  sy«;tem  of  aggregated ^atoms^  and  the  gas  now 
escapes  in  small  bubbles. 

The  first  instance  of  cohemon  ap]>lies  in  tiie  precipiuLion 
of  UiiUii.  .\i  the  moiiieut  of  formation  the  particles  may  be 
BO  widely  apart,  that,  aided  by  their  slight  aifinity  for  water, 
thej  remain  without  aggregating  to  any  eonaidcniila  enttalL 
Brisk  agitation,  and  the  pvesentatioii  of  an  extended  mrfroe} 
efiect  then*  aggregation  and  cause  a  speedy  precipitation*  It 
may  be  that  these  are  reelly  instancea  of  eonhnstion  fiwunred 
by  motion ;  but  presuming  that  they  are,  the  general  argu* 
ucnt  is  not  afiBected,  that  other  dcoompositioiia  pehedJy  an** 
logons  are  produoed  where  the  exciting  bodj  is  in  a  atale  of 
rest. 

The  third  tiieory  of  these  decompositions  is,  that  ritnhtic 
bodies  act  by  exertin";  a  feeble  chemical  alliuih  ou  one  ot  t)ie 
constituents  of  the  body  decomposed.  This  view  was  ii!tr<i- 
duced  by  Mercer*,  and  supported  by  several  verv  inceiuoiis 
experiments  communicated  to  Uic  British  Associahuii  at  its 
meeting  in  Manchester.  One  of  these  was^  that  protoxide  isi 
manganese  had  the  singnlar  power  of  hastening  the  oxidatioB 
of  atsroh  in  nitvicacidt.  the  nctslfae  pralmud%  ftoii  its 

*  Reports  of  British  Associatiou,  vol.  xi.  2d  Part,  p.  32. 
f  TIm  tti^peiiment  it  9&niy  mtde  by  djaalviiig  1  mmm  exalic  acid  in 
layint  of  water  at  I80<»  P^  aaa  eddh^  t»lUt  1  ok  oolwyfioiiahrieaeidor 
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disposition  to  pass  into  tlio  state  ot  peroxide,  aids  the  oxalic 
acid  to  decompose  the  nitric  ncid,  the  united  affinities  of 
both  being  able  to  accomph&h  what  neit  [u  i  i)y  itseU'  cO\ild  do. 
The  protoxide  remains  nnatl'ectcd  at  the  end  of  the  experi- 
ment because^  under  the  circumstances  (the  presence  of  acid)^ 
it  cannot  gratify  ill  deaie  to  1ioiHmeperojiuie,and»  therdbre, 
it  nanQB  oy«r  ita  vxf^^  to  tho  oirbony  which  escapes  aa 
emoaic  ackL  Merocr  cited,  aa.lbrther  oiamplmy  the  actioa 
of  protoxide  of  copper  in  eliminating  oxygen  from  a  solution 
of  hypochlorite  of  lime,  and  of  peroxide  or  binoxide  of  nitro^ 
gen  in  commencing  the  oxidation  <^  a  mixture  of  protochlo* 
ridf  of  tin  and  nitric  acid.  Merrer  implipd  by  tho<;c  instances, 
that  catalysis  is  an  nffinity  of  tin  catalytic  agent  tor  an  ele- 
ment in  liie  hmiy  acted  i!]ion,  tliat  atlmity  bpirr^  feeble  and 
incapable  of  tri.ititi<  ati  jii  under  the  circumstances. 

It  would  be  advantageous  to  science  if  we  could  arrange 
under  a  kuown  power  the  cases  of  decomposition  which  ap- 
paned  ao  myatarioua  aa  to  induce  the  great  Benelhia  to 
aaoribe  them  to  the  action  of  a  new  fiifce*  It  may  not  he 
poaaibk  in  the  preaent  atate  of  our  knowledge  to  comprdiend 
the  whole  of  the  inatanoea  obsenred,  bat,  if  most  are  included 
in  one  catmny,  we  have  a  right  to  anppoae  that  the  othcra 
may  be  embraced  as  ottr  knowledge  progresses.  I  shall  there* 
fore  endeavour  to  show  that  many  catalytic  decomposition'?  are 
rely  cases  of  chemical  affinity  exerted  under  peculiar  con- 
ditions. 

In  no  infsUuice  of  chemical  union  does  there  seem  to  be 
such  a  complete  gratitication  of  affinity  as  to  suppress  the  at- 
^^tions  of  the  elements.  The  inherent  aihuitics  still  remain 
mora  or  leaa  powerftd,  for,  if  it  were  not  eo^  the  c<HDpoand 
would  be  permanent  under  ail  cimmiatancei  and  not  liable 
to  further  ehmge  by  the  aotion  of  external  agenta.  When 
manganese  mdlea  with  1  atom  of  oijgen,  the  affinity  of  the 
metal  foe  oxygen  is  not  wholly  merged,  bat  ia  etill  alrong 
enough  to  attach  to  itself  K  2  or  3  atoma  more  oxygen. 
When  the  oxidr  i^  one  of  the  lowest  of  the  scries,  this  affinity 
exhibits  itself  in  a  basic  \)')\\  vv  ijy  attaching  itself  to  any  com- 
plex hifrhly  ()\\  iimized  molecule,  such  as  the  oxygen  acids, 
or  ot  rail  It;  lis  [/laying  the  part  of  oxygen.  When,  on  the 
other  hand,  the  manganese  or  other  radical  becomes  highly 
oxygenized,  we  find  it  possessing  acid  properties,  that  is,  the 

1*30  sp.  gr.   No  action  ensues  on  this  mixture,  but  it  iininediaiely  com* 

msf  1m  ^  oxslatc  or  aitnite.  Tlie  action  tt  vmo  ttrifciffg^y  shown  by  heat- 
ing a  mixture  of  oxalic  nciH  until  the  nction  commence!?,  then  diluting  it 
tiit  all  action  ceases.  A  little  protosait  of  manganese  now  added  to  iIm 
•BialMo  MHM  M  inme^ial*  rnifwai    At  mddation. 
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additional  atoms  of  oxygen,  being  less  firmly  attached,  are 
capable  of  gratifying  the  disposition  of  a  less  oxygenized  atom 
(the  base)  to  attach  itself  to  a  higher  oxide,  or,  to  use  the 
convenient  phraseology  of  Graham^  the  base  becomes  zincous 
ta  tiie  tdd»  wlndi »  now  dilorotuk 

On  heating  the  nitrates^  nitric  acid  ia  not  given  ol^  hut 
N04-hO.  The  decomposition  readily  leaolta  from  the  die* 
poaition  of  the  base  to  appropriate  more  oxygen  and  pass 
mto  the  higgler  oxides.  If  the  baae  be  oxide  of  nickel,  the 
oxygen  becomes  attached  to  the  oxide  and  remains ;  if,  how- 
ever, an  oxide  which  has  but  a  feeble  affinity  for  oxygen 
^  •  at  an  elevated  temperature,  the  elasticity  of  that  element 
is  able  to  overcome  the  affinitv,  which  succeeded  in  break- 
ing  up  the  nitric  acid.    The  final  action  is  so  obviously  dc- 

Sendent  upon  the  oxygenous  part  of  the  acid,  as  to  make 
chonbciu  believe  that  salts  contain  peroxides  ready-formed ; 
thns  that  NOa,  HO«N04+HO^  or  PbO,  N08=N04  + 
PbOg.  This  however  ia  an  unnecesaary  supposition,  the  pre* 
▼iooa  view  accounting  aoffidentljr  for  the  aeoompoaition  of  n 
nitrate^  ao  aa  to  produce  NO4  and  O.  Admittmg  thia  view 
to  be  correct  in  the  expression  that  the  preponderating  quan- 
tity of  a  chlorous  clement  in  an  acid  renders  the  latter  chlo- 
rous to  a  base,  the  mechanical  attachment  being  to  the  chlo- 
rous element,  we  can  understand  whv  the  number  of  atoms 
of  oxygen  in  a  base  should  regulate  the  number  of  atoms  of 
acid  attached  to  it.  Thus  RO  presents  only  one  chlorous 
element  of  attachment  to  the  acid,  and  therefore  the  latter 
adheres  to  it  in  one  proportion ;  whereas  O3,  which  pos- 
aeaaea  three  atoma  of  a  chknoua  ekment  eq^ly  diatriboted 
round  •  stnooua  nudeusy  preaenta  three  pointa  of  attadi* 
menty  and  therefore  produces  a  salt  Og,  3 A«  Thia  view 
in  result  gives  all  the  simplicity  of  the  acid  radicid  theor} , 
both  viewB  entertaining  the  idea  that  the  oxygenous  atona  of 
the  base  and  acid  are  attached  to  each  other.  We  have  cer- 
tain instances,  as  for  example  KO,  CIO5 ;  PbO,  NO5,  w  here 
the  elastic  atoms  of  oxygen  combine  as  closely  together  aa 
non-elastic  atoms,  such  as  lead  or  silver. 

Although  to  aid  conception  we  may  suppose  the  atoms  of 
oxygen  of  the  base  and  of  the  acid  to  be  in  mechanical  con- 
nexion^ the  true  arrangement  is  probably  not  so^  seeing  that 
In  ft  baae  then  ia  alwaya  a  part  mere  smooua  than  the  osv* 
genoua  atom,  althoi^h  the  baae  aa  unity  ia  sinooua  to  the 
acid*  We  see  many  matances  in  chemistir  of  union  of  atoms 
in  jMir«»  cr  what  may  be  called  diaal  fl^lnaily.  Thia  Graham* 

*  Trans.  Royal  Soc.  Edin.  vol.  xiii.;  PhiL  IViai.  1837*  p.  47  dMf.; 
PhiL  VLt%^  Thiid  Setittb  vol.  zxir.p.  401  #1  My. 
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haa  pranrad  to  be  tliA  ease  with  re^^aTd  to  atoma  of  water,  and 
we  know  of  numberleas  inatanoes  in  the  case  of  oxides.  Thus 
RO  unitinff  with  oi^gen  forms  RO^  In  tfaia  case  RO  +  O 
comaponds  to  RO  +  A,  the  add  here  repreaenting  the  cldo* 
loua  element  from  its  oxygenous  character.  It  is  not  neces- 
sary to  suppose  tbat  A  and  O  nre  associated  in  one  continu- 
ous line,  the  ])roba]jility  bein^  that  the  molecule  m&y  really 
be  represented  by  ARO.  Thus  also  in  R^Og,  where  the  O3 
are  jaobably  grouped  equally  round  R^,  there  is  room  for 
three  more  of  a  chlorous  element  to  gratify  the  dual  affinity, 
and  the  ^neral  formula  R,  O3,  3A  is  the  result,  the  3A  here 
representing  three  of  a  simple  chlorous  element.  The  result^ 
as  rq^unda  affini^^  will  still  however  be  the  same>  the  whole 
depencting  upon  the  attraction  of  the  central  nucleus  R.  It 
is  therefore  only  for  simplicity  of  expression  in  stud3rtng  the 
phenomena  d  catalysis,  that  I  view  the  atoms  of  oxy^^en  of 
an  acid  as  associated  in  mechanical  continuation  \vith  the 
atoms  of  oxygen  of  the  base,  the  efferf  boin<2;  rcpresentf  rl  by 
this  expression  :  the  whole  view?  of  molecular  or  atomic  con- 
stitution of  bodies  are  in  my  opiiiiou  only  convenient  lictions 
to  enable  us  to  ^ludy  the  forces  themselves,  and  the  concep- 
tion of  a  mechanical  arrangement  I  only  atlopt  as  expressive 
of  the  mauifestationa  of  powers  residing  in  matter. 

To  dbow  that  the  tendency  of  basea  to  NO^  even  without 
being  combined,  is  to  attach  themselTea  to  the  oxygenous 
part  of  the  acid,  a  curious  phenomenon  observed  by  Mercer 
may  be  cited. 

A  portion  of  alumina  may  be  taken  and  fdaeed  at  the  bot- 
tom of  a  vessel  oontaining  warm  NO5;  no  action  ensues,  ex- 
cept partial  solution ;  a  slip  of  cnlico  coloured  in  inflinro-bluc 
may  now  be  mtroduced  into  the  mixtnre,  and  remains  unaf- 
fected in  the  clear  acid,  but  is  immediately  discharged  when 
prej.snl  with  a  glass  rod  into  the  alumina.  Here  the  alumina 
acts  by  placmg  the  oxygen  of  the  nitric  acid  in  a  state  of  ten- 
sion without  however  succeeding  in  decomposing  it,  but  the 
moment  an  asaiatant  affinity  comes  into  play,  mat  state  is 
shown  by  the  decomposition  of  the  nitric  acid  and  oxidation 
of  the  indigo.  The  alumina  in  the  presence  of  the  add  could 
not  oxidize  (in  fact,  we  know  of  no  higher  oxide),  and  there* 
fore  the  indigo  appropriates  the  oxygen.  I  find  that  varioua 
other  oxides,  such  as  calcined  Cr^Oa  and  SnO,,  have  the  same 
power,  the  latter  showing  this  disposition  more  strongly  than 
any  of  the  other  oxides.  The  best  mode  of  trying  these  ex- 
periments is  to  heat  a  certain  quantity  of  nitric  acid,  and  then 
dilute  it  till  indigo  cloth  ceases  to  be  bleached.  The  oxide  of 
tin  is  now  added  and  ullowed  to  fall  to  tlie  bottom.    On  iii- 
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troducing  a  slip  of  indin-n-bliio  calico,  the  portion  in  the  clear 
acid  will  he  ff)iiiul  (n  remain  unatt'ected,  while  tltnt  in  contr!ct 
with  \hc  i!isolid)lr  oxide  will  be  bleached  in  a  tew  secouds. 
That  lliis  (Iccolorai ion  of  tlie  indigo  is  due  to  the  assistant 
afllinity  ol  another  l)od}  acting  in  the  same  direction,  i.  e.  also 
liaving  a  disposition  to  unite  with  oxygen,  may  perhaps  best 
be  shown  hj  the  following  experimeDt ; — ^Warm  nitrie  wad  It 
dihited  to  tuch  extent  that  it  just  oeaiee  to  ^Smhargt  uidig»- 
blue  calico }  it  is  then  divided  into  two  portions^  wnh  eli{ieof 
cobnred  celioo  in  eiolv  end  through  one  of  theae  bttiiwride 
of  nitrogen  is  paned.    In  the  latter  the  indigo  becomai 

auickly  bleached,  while  it  remains  unaflbeted  in  the  fonoery 
iB  action  obvioiiify  being  due  to  the  aooeaaory  affini^  ef  the 
nitric  oxide  for  more  oxygen.  In  the  same  way  indi^blue 
is  discharged  during  the  decomposition  of  a  nitrntc  by  hrnt, 
other  kinds  of  organic  matter  being  oxidizcfl  under  like  cir- 
cumstances; in  these  instances  the  decomposition  of  the  ni- 
tric acid  is  much  facilitated, — 1.  by  the  affinity  of  the  base  lor 
oxygen ;  2.  the  affinity  of  the  orgtinic  matter  for  oxygen, 
which  unites  witli  it  at  the  eievaieil  temperature,  iiiere  are 
many  similar  instances  of  this  kind,  where  the  behaviour  of 
NO,  or  NO4  as  an  aeiiitant  ia  too  einily  contiatted  with  tiia 
action  of  other  bodtee  to  permit  miatake,  Thna  unne  wlien 
kept  ia  unfit  for  the  preparation  of  urea^  that  anbataaoa  ha- 
vinf  been  converted  into  carbonate  of  ammonia  dming  the 
action  of  the  air  upon  the  mucus  or  colouring  matter  oaa- 
tained  in  the  fluid.  Colourless  nitric  add  unttca  with  urea 
and  may  be  heated  with  it  without  decomposition ;  but  uitnc 
acid  containing  any  of  the  lower  oxides  of  nitrogen,  such  as 
NO,2  NO,,  immediatrlv  decomposes  urea  into  rnrboiiir'  acid 
and  ammonia*.    We  cannot  conceive  tlint  n  uxide  can 

more  readily  oxidize  urea  than  a  higher  oxidr.  an(i  hence  we 
con  only  view  the  NO,  as  aiding  the  urea  to  "  xidize  itself,  as 
the  mucus  does  in  urine.  In  the  same  way,  the  action  of 
pure  uiti'ic  acid  on  colourless  uric  acid  is  to  form  alloxan,  if 
the  operation  has  been  oondueted  so  as  to  prevent  Uie  fuiaia 
tion  m  nitroiie  a(»d  (NO4)  during  the  oxidation.  But  if  NO4 
baa  been  evolved^  or  if  the  ooiouring  matter  of  the  urine  be 
atiJl  oontaiued  in  the  uric  acidi  the  prodqeta  are  only  eaibc^ 
nate  and  oxalate  of  ammonia.  The  ookmring  matter  of  the 
urine  and  NO4  are  thus  seen  to  possess  a  similar  actioil^ 
which  ia  exactly  the  same  as  that  of  protonitiate  of  mangn 
nese  on  a  mixture  of  starch  nn  !  nitric  acid,  no  oxalic  acad 
being  formed  in  the  presence  of  this  ealt^  the  only  prodnct  of 

*  A  •olntivn  of  urea  in  nitric  acid  is  inmu  cllatulv  dseompoied  with  |lf>t^ 
ei«im«ceDoe  when  a  Uttle  NOs  it  fmmd.  througk  It. 
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oxidiition  beiiiLT  carbonic  acid.  The  NO,  or  NOg  acts  in  these 
cases  clearly  by  aiding  the  compound  ready  to  oxygenate,  but 
which^  under  the  conditions^  has  not  suffideut  power  to  de- 
oonpoM  Htm  nitrie  acid  without  addiUonal  aid.  Tha  same  ex* 

Slaiwtioii  arobftbly  applioa  to  the  nDsular  diaeovery  of  Phi- 
wsor  Qruam^i  that  the  addition  of  NO4  to  non-aocendiUe 
phosphuiettad  hydrogen  rondera  it  inflammable.  In  thia  caae 
tlM  t*o  oomhined  affinities  prodooe  the  union  of  OKfgsa 
with  one'of  the  bodies.  The  presence  of  the  small  quantity 
of  another  compound  of  phosphurctted  hydrof^en  m  the  spon- 
taneously accendibie  gas,  as  described  by  Leverriert  and  by 
ThenardJ,  vnny  y>robably  act  in  the  same  raauner. 

The  action  nt  this  compound  (PH^)  cuircspondiug  to  ami- 
dogcu  (Nii^;  may  be  conceived  so  to  disturb  the  attraction  of 
the  phosphorus  to  the  hydrogen  in  tlie  gas  PHg  as  to  produce 
the  ipflaaifnabili^t  Boui  the  ekmenta  of  thia  gaa  are  highly 
oonbvatihlc^  aiitlin|^  with  oxygen  at  a  low  temperaUire. 
Their  mutual  attraotuma  are  auffidently  atrong  to  preyent  the 
oiqrgen  hnaking  up  this  union ;  but  when  we  second  body 
la  pmao^  the  <uaire  of  PH,  for  anotlier  atom  of  hydrogen 
wany  be  supf>osed  so  far  to  draw  the  third  atom  of  hydrogen 
from  the  PH,^,  that  oxyj^^en  has  now  the  power  to  unite  with 
tlie  two  inflammnbl;^  rlcTncnts.  In  disturbing  the  cxisHng 
equilibrium,  it  is  presunufd  to  act  ju<t  as  a  spark  won  11  l>y 
elevating  the  already  stronir  atHiutu  >  of  the  two  cleuiciiU  tor 
oxygen.  When  a  soluUun  ul  iiypoelduntt  of  Umc  is  poured 
into  a  solution  of  muriate  of  ammonia  in  excess,  a  very  pun- 
gent volatile  compound  reaulta^  which  hat  no  bleaching  pro- 
pertiea»  and  fhefefofe  doea  not  contain  hypochloroua  aoidt 
The  decompoaitiQii  ia  espreased  by  the  equation  NH4  CI  + 
CM,  CIO  ^  NII^  a  +  sue  +  Ca  CL  The  volatile  com- 
pound NH2  CI  has  an  affinity  for  hydrogen  in  order  to  paaa 
mto  Nil.,  C'l.  This  body  was  well-fitted  to  test  the  view  of  the 
cause  of  tlu  intlannnabillty  of  phosphurctted  hydro*ren  {even 
supposing  i^ll.^  is  not  spontaneously  inflammal)lc,  as  it  is 
stated  to  be  by  Thcnard).  On  placing  gas  (which  had  en- 
tirely iu«t  its  inflaiumability  by  standing  several  days  over 
water), ia  contact  with  the  above  mixture^  lu  about  an  hour  it 
acquired  the  property  of  smoking  strongly  in  the  air^  althougii 
it  did  not  inflame  spontaneoudy.  This  ahowed  that  the 
affinitjr  of  PH^  for  oxvg|en  waa  much  elevated,  although  the 
attnictioii  waa  not  aumoient  ibr  inflammation. 

*  Tran?.  Royal  Soc.  Ediii.  vol.  xili.  p,  fi. 
t  jitiH.  tic  C/(.  el  lie  PIn/s.  Ix.  171. 

X  C»mpte^  litndHs  ties  ^r'anee*  tie  I' Acatieinie  ties  Stiencei,  t,  xviii« 
pp.262.9M;  l.lls.p.aia. 
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There  Ciuuiot  be  any  d(^\il)t  that  the  atoms  of  a  body  may 
be  placed  in  a  greater  ur  iesb  decree  of  tension  by  varying 
conditions.  The  experimentB  of  Mr.  Joule*  and  myself  on 
AUotropism  have  fiifly  proved  that  the  apaoe  oocinifid  bjr  the 
same  body  alters  under  different  ctreomatancet.  It  ia  theti^ 
fore  not  an  unreasonable  aaaumption  that  the  affinity  of  one 
body  for  a  particular  element  may  be  aufficiently  great  to 
produce  a  tense  state  of  the  atoms  without  effecting  decom* 
positionf :  hence  the  added  affinity  of  a  second  body  actlnj^ 
in  the  snmr  direction  may  rnnse  that  change  which  each  alone 


enter  into  union.  Charcoal  and  chlorine  decuiupu&c  alumina 
at  a  red  heat^  thoush  neither  can  do  so  separately.  In  the 
same  way  BoudauTt}  has  shown  that  a  miztnie  of  polMh 
or  soda  and  red  prusaiate  of  potash  oocidisea  various  me- 
tallic oxides,  while  Mercer  has  for  many  years  made  use 
of  this  mixture  to  discharge  indigo-blue  on  calico  §.  Red 
prussiate  of  potash  (FegCy^jSK)  has  a  great  diapoMtion  to 
attach  to  itself  another  atom  of  potassium  to  become  yellow 
prn^'^inte  of  potash  (Fe2Cyg4K).  It  cannot  gratify  this  de- 
sire without  aid ;  but  when  assisted  l>y  a  substance  havnig 
an  affinity  for  the  oxygen  of  the  potash,  and  capable  of 
appro|)riatiiig  it,  decomposition  follows.  There  arc  often 
cases  m  which  the  body  exercising  the  accessory  ailinity  may 
be  unable  to  effect  the  union,  either  by  the  influence  of  un* 
fiivourable  chemical  conditiona  or  of  ooheaiou  or  elastiftity> 
ThttSy  in  the  case  with  which  we  first  started,  the  effiai^^  of 
protoxide  of  manganese  for  oxygen  aids  in  the  decompositioa 
of  nitrate  of  protoxide  of  manganese,  and  seaquioiide  of  man« 
ganese  remains.  If  the  temperature  during  the  decompositioa 

*  Memoirs  of  Chemical  Society  .  toI.  iii.  p.  93. 

f  The  alteration  in  volume  is  best  seen  in  those  oxides  which  contract 
and  increase  in  spccitic  gravity  by  tlic  appiication  of  heat,  for  exanipk, 
vrlitn  the  brown  oarida  becomes  Uic  green  oxide  of  chromlttin.  The  two 
ooiidet  must  have  a  different  molecular  eonstitntion,  and  this  may  be  sup- 
posed to  result  from  the  elastic  powers  of  one  of  its  elements  and  th*'  rn1\e- 
sive  force  of  the  other.  The  nr&t  utieet  of  heat  on  oxide  of  ohruiuiuui 
mntt  be  to  ezpond  the  atome  of  oxygen,  and  mnoviDg  them  farflier  ffom 
the  two  atoms  of  chromium,  permit  tlic  cohesive  attraction  of  the  latter  to 
be  gratified.  Hence  the  compound  acnnirrs  properties  dependeat  upon 
cohesion,  such  as  indifiereuce  to  union  uud  dnnioished  solubility. 

X  Jownai  ie  Pkmrmaeie,  tome  437.  [Pha.  Ifag.  TMvd  Seriea,  vol. 
xxvii.  p.  nor.] 

}  IMiil,  Mag.  Third  Series,  vol.  xxxi.  p.  \2f>.  In  justice  to  Mercer,  al- 
though this  does  not  remove  BoudauU's  claim  of  priority  of  publication,  1 
eaniiot  teftaia  from  itating  that  the  Ibnner  ehemttl  poiBtid  out  lo  om  tfM 
osidistng  powen  of  the  pnisiiates  fonr  or  five  ymm  mam* 
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be  elevated,  the  oxygen  resumes  its  elastic  state  and  refuses  to 
Ibtm  this  higher  oxide,  as  in  fact  we  know  is  the  case  in  Mer- 
cer's experiment  uith  oxalic  acid  and  nitric  acid,  where  the 
presence  of  hot  NO5  is  an  nnffivoiirahlo  cheaiical  rnnditlon 
to  the  existence  of  Mn^O^,  and  therefore  it  is  not  formed, 
but  in  its  stead  the  oxygen  is  passed  over  to  the  or«^nic  mat- 
ter, which  is  able  to  unite  with  it  under  the  ciicu instances. 
A  similar  iuslatice  of  the  c^cct  of  such  conditions  is  seen 
when  the  peroxides  of  copper,  manganese  or  lead,  are  thrown 
into  a  solution  of  bleaching  powder*  The  affinity  of  these 
oaudes  Hat  an  additional  qnantitT  of  oxygen  enables  them  to 
decompose  the  hypochlorite  of  lime,  converting  it  into  chlo- 
ride or  calcium.  When  the  protoxides  are  used,  this  liberated 
oxygen  unitea  and  converts  them  to  peroxides.  The  latter 
themselves  have  sufficiently  strong  affinity  for  oxygen  to  cause 
the  decomposition  to  prorrod :  but  not  uniting  with  it,  ]mrc 
oxyi^rn  ts  n^iven  otf  in  tli*  gaseous  «tate.  Here  elasticity  has 
come  into  play^  and  being  more  powerful  than  the  feeble  che- 
mical affinity,  causes  the  oxygen  to  escape  as  a  gas.  When 
the  solution  is  cool  the  gas  goes  oil  in  a  succession  of  small 
bubbles ;  but  when  hot,  the  escape  is  tumultuous,  the  heat 
aidinff  the  ox^^n  to  enter  into  the  elastic  state**  A  solution 
of  duoride  of  hme  evolyes  v  x  \  ^cn  slowly  at  the  boiling-point } 
bnt  the  decomposition  is  much  accelerated  fay  the  accessory 
agents  referred  to. 

The  action  of  certain  oxides  upon  peroxide  of  hydrogen  is 
exactly  similar  to  that  on  a  solution  of  hypochlorite  of  lime. 
Thus  peroxide  of  manganese,  the  protoxides  of  cobalt  and 
lead,  miniiiii),  peroxide  of  iron,  and  the  protoxides  of  nickel, 
copper  and  bismuth,  all  exert  this  notion  on  peroxide  of  hy- 
drogen with  a  force  indicated  by  ilu  ir  order+.  In  none  of 
these  cases  docs  the  oxide  unit^  with  a  further  piojxi!  iion  of 
•  oxygen.  The  violence  of  the  action  is  huwt  ver  m  proportion 
to  Shot  power  of  uniting  with  more  oxygen.  The  first  five 
osidea  in  the  list  have  mgher  oxides  of  definite  oomposittoii 
and  of  a  certain  degree  of  stability^  with  the  exceptica  of  fenie 
acid;  while  the  protoxides  of  copper  and  bbmnth,  although 
possessing  the  power  of  uniting  with  more  oxygen,  do  not 
present  snperior  oxides  of  a  marked  chsrscter.  We  should  have 

*  The  best  mode  of  imdlatiiig  the  Cfxpeiinient  b  to  mtko  •  mixture  of 

chloride  of  soda  and  caustic  soda,  be  if  t'  i^  to  a  temperature  near  ebullition. 
And  »M  sulphate  of  copper.  The  oxide  of  copper  precipitnt  d  in  the  fine 
atAte  of  diviHion  caused  hucU  a  copioua  cvobitioii  ot'  oxygtn  gas  that  the  con- 
lent!  are  apt  to  be  thrown  out  of  the  vend:  a  mixture  of  ebkrU*  of  Jims 
and  liinc,  or  the  ordinary  unfiltered  UfScbing^powder  of  commetoe^  Oira 
also  wp!!-fittpfl  lo  '^liow  the  action. 

t  i  licuurd  a  Iraitis  de  VhimU,  6th  edit.  vol.  i.  p.  216. 
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€Bpeeted  tlie  oxides  of  nickel  and  cobalt  to  hare  exerted  the 
same  power^  but  from  ThenanFi  desciiplbii  oC  tha  ft>nner 
being  m  the  state  of  a  black  powder,  it  may  have  been  the 

oxk1(»  of  incrpn«^ed  spocifir  gravity,  to  which  attention  has 
already  been  diaw  ii^-.  in  ail  tlu  se  cases  the  aftinity  is  sup- 
poHed  to  be  sutticicntly  strong  to  break  up  the  atoms  of  a 
body  yielding  to  the  slightest  disturbatirc  of  its  state  of  stati- 
cal equiliiaium.  Two  atHnities  are  at  play  in  these  dcf  om po- 
sitions, viz.  the  attraction  of  the  metallic  oxide  for  oxygea 
and  that  of  the  water  for  the  same  body ;  both  thc&c  aifiiii» 
ties  resist  the  union^  aod  thareforey  alaatict^  oomtng  into 
operation,  roba  both  oxidea  of  fha  gaa.  The  alftm^  ommag 
ue  deoompomliflo  la  ao  slightly  preponderatiiig  m  ita  in* 
fluesce,  that  a  laoond  cause  ooming  into  operation  is  quita 
suffident  to  alter  the  conditions  under  which  it  was  original^ 
Ciartedf  and  to  draw  ona  of  the  elemanta  of  tho  bo4j  adad 
upon  beyond  the  sphere  of  ita  affinity. 

The  balance  of  affinities  in  all  such  cases  is  so  near  that  we 
not  unfrrqtirntly  find  ri|}pnrrntly  contradictopk'  effects  result- 
from  their  i^ratiticaiion.  ITius  the  addition  nf  oxido  of 
silver  to  peroxide  of  hydrogen  expels  oxygen  froiu  llie  iattn\ 
but  at  the  same  time  it  is  robbed  of  its  ovva  oxytren  and  in- 
duced to  the  metallic  state.  In  this  case  we  liave  two  keble 
compounds  instead  of  one,  with  athnitics  very  ueiuly  balanced, 
and  with  atoms  so  tense  as  to  yield  readily  to  the  tirst  dis- 
tttrinni^  cause*  We  oan  aoarccly  adopt  aa  anffioiant  tba  ex- 
planation of  Thenard  and  Mitiofaerliebt,  that  tlia  reduction 
la  dine  to  tba  elevalbn  of  tempefature  aooompanying  tlia  da- 
composition,  beoanae  eren  when  that  is  lowerad  1^  tbe  ad> 
dition  of  much  water  to  the  pannuda  of  hydragant  the  «lw 
atill  becomes  metaUic. 

'  It  k  a  point  yet  undetermined,  whether  a  lower  oxide  is  to 
be  considered  as  unity  to  a  higher  oxide,  or  whether  all  the 
atoms  of  oxyL'"cn  are  held  by  equal  attraction?.  We  know 
that  tartaric  at  id  is  able  to  separate  potufc^li  Irom  jiitric  acid 
in  forming  a  bitartrate,  and  yet  acetic  acid  is  ^^nlHcient  to  re- 
move the  second  atom  of  potasli  truni  the  ntntial  tartrate. 
But  in  a  bibubic  acid,  like  tartaric  acid,  it  may  be  cither  atom 
of  potash  that  is  abstracted,  aiid  the  superior  athaily  for  the 
remaining  one  may  be  owing  to  attractions  resulting  after 
the  expiuaiou  of  ine  first.  Thua  MnO^i  may  have  ita  atoma 
of  oxygen  diatributad  round  the  centnl  nitdena  Mn«  and  hdd 
fagr  eonal  nttneliOD^  and  the  alalHiKtjr  of  the  nd  ooode  ^ro* 
dnoed  by  ita  eakdnation  does  not  anow  that  it  pio-enated 

*  M«moin  of  the  Cbemtcal  Society,  vd.  il  p.  aB  i,  ftod  voL  iii.  p.  Si. 
f  Poggondoiff'talSNdlfa^lr.ail. 


LI)  the  black  oxidc^  but  merdy  that  the  attraction  beeuBa 
stronger  when  one  of  tiia  etomento  whieh  dividad  it  mm 
nnovod*  If  it  be  admitted  that  the  afctvadum  of  a  radical 
iir  o«3rgen  is  aqnallj  divided  between  ell  the  aiOBia  of  that 
dement  aeeodated  with  it,  the  aation  to  ^  hich  we  have  al- 
luded beeomcs  compfehentible.  In  an  oxide  ve  have  the 
ittmetion  of  affinity  opposed  by  the  elasticity  of  its  oxygen 
and  by  the  cohesive  force  of  the  metal.  If  a  be  the  attraction 
of  the  central  nucleus  or  raclifnl,  r  thn  rohcxivc  forrr  nf  the 
BMtaly  and  e  the  elasticity  ot  the  oxygen^  then  the  moieoular 

formula  of  a  protoxide  will  be  — of  a  eesquioxide  ^  t 

and  ot  a  binoxide    ,  ^  .  Now  if,  as  in  oxide  of  silver^  the  a 

e 

and  e  are  nearlv  equal,  or  the  a  only  alidhtly  preponderating^ 
and  the  c  or  cohesive  force  veiry  powerfuit  ire  can  readily  eon- 
oeive  that  the  added  ibrce  of  a  second  a  may  overcome  the 
ibmU  amount  of  preponderating  force  in  favour  of  a.  Thus, 
when  oxide  of  silver  is  placed  in  contact  with  peroxide  of 
hydrogen,  its  affinity  for  more  oxygen  is  sufficient  to  draw 
the  second  atom  of  oxygen  beyond  the  sphere  of  attraction  oi" 
H,  and  deli\  er  it  over  to  its  own  elasticity.  But  in  doing 
tins  the  attraciioii  ot  silver  for  oxygen  has  been  divided  be- 
tween its  own  oxygen  and  that  of  the  peroxide  of  hydrogen, 
bcai'cely  at  any  tiiuc  ^mpable  of  retaining  its  own  oxygen, 
this  division  of  its  attractive  force  has  been  fatal  to  the  exist- 
ence of  ita  oxide*  and  the  water  in  ttaiu  luu^mi  at  the  same 
time  exerting  an  affini^  for  the  oxygen  juat  ready  to  escape ; 
all  these  cauaee  combined  reeult  m  the  reduction  of  the 
idlver'i**  ^ 

When  pyruvic  acid  is  in  contact  with  oxide  of  ailvery  it 
unites  and  forms  a  salti  but  when  acting  on  carbonate  of 
eilver,  a  certain  quantity  of  oxygen  also  leaves  the  oaude 
during  the  escape  of  carbonic  acid,  and  metallic  silver  re- 
mains f.  As  Liebig  J  suggest-,  motion  may  aid  this  result; 
but  were  this  the  only  expimuUion^  we  should  expect  that 

*  Oaring  the  passage  of  this  paper  through  (he  yrr'^s,  Mr.  Brodie,  in  a 
lecture  nt  uio  Koyal  Institution,  sliowetl  {hnX  peroxhlc  of  potassium  reclucoa 
chloride  of  siU^er,  ihu  two  aUnm  uf  oxygen  passing  off  in  the  gn«co\i8  state, 
*  while  chloride  of  rutusaium  mid  metallic  silver  remain  behind,  a  i>in|;ular 
decomposition,  when  tl»e  behaviour  of  potash  is  re nic inhered*  But  Uie 
action  is  stiicily  tlu'  snmo  as  that  lino  dcscriltcd  ;  the  atoms  of  oxy^ffn, 
being  liberated  at  the  sitine  time,  aro  presented  to  the  silver,  which,  dividing 
iu  attractive  force  between  them,  is  not  able  to  overcu^ne  ih«  iniUience  ol' 
•lasdoit^  of  Che  oxygen  and  its  own  oobeium  and  thereforo  reniaint  In  a 
metallic  state. 

f  Berzelius,  l.dirbiah  'h-r  C/n'tuie,  fifth  c  Ht.  vol.  ly.  p,  23K 
I  Chemistry  of  Agriculture,  4th  edit.,  pa^c 
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silver  would  constantly  be  reduced  during  the  action  of  other 
feeble  acids  on  carbonate  of  silver.  If^  however,  we  suppose 
that  the  pyruvic  acid^  Cg  Hg  O.,,  from  its  affinity  for  more 
oxygen,  exerts  an  attraction  for  that  element  at  the  moment 
of  the  hberation  of  the  carbonic  acid,  the  decomposition 
would  be  similar  to  those  we  have  ahc;uly  c  onsnlcrcd,  espe- 
cially if  the  previous  view  of  the  molecular  constitution  of 
salts  be  admitted.  In  that  case  the  oxygen  of  the  oxide  being 
attaclicd  to  that  ui  liie  carbonic  acid,  will  be  made  highly 
tense  during  the  escape  of  the  latter,  and  may  therefore  be 
detached  by  a  very  feeble  force,  its  elastic!^  finally  over- 
coming the  weak  amnify.  An  extension  of  the  explanation 
however  strikes  me  as  more  probable,  but  it  would  be  prema- 
ture to  insist  upon  it  without  being  sup])orted  by  expenments 
which  1  have  not  yet  been  able  to  conclude. 

The  action  of  metals  and  of  charcoal  on  peroxide  of  hydro- 
gen mav  be  rxplaiiiod  bv  t!ie  snme  feeble  affinitv.  Alkfilies 
also,  from  their  attraction  lor  oxygen,  as  indicated  both  by 
their  capability  of  uniting  with  more  oxygen  and  by  their 
basic  power  or  dispoRition  to  attach  them^jclvcs  to  a  com- 
pound behaving  as  an  oxygenous  or  chlorous  clement,  favour 
the  decomposition  of  HO^,  while  acids,  on  the  other  hand, 
render  it  more  stable,  perhaps,  as  Thenard  himself  suspected*, 
lix>m  there  being  an  inferior  oxide  (H^  O3  ?).  In  this  instance 
the  elasticity  of  the  oxygen  tends  to  conceal  the  play  of  affi- 
nities by  preventing  combination. 

When  the  acting  body  is  present  in  large  quantity,  or  ex- 
hibits an  increased  surface,  the  action  goes  on  with  propor- 
tionate rapidity.  'I'hns,  v  hon  nitric  acid  is  in  contact  with 
stiircli,  the  action  is  moderate  until  a  certain  quantity  of  per- 
oxide of  nitrogen  has  been  evolved  by  decomposition,  at\cr 
which  it  proceeds  with  a  violence  difficult  to  control.  The  per- 
oxide ol  nitrogen  surrounding  every  particle  of  starch  aids  it 
in  the  decomposition  of  the  nitric  acid.  That  this  is  the  real 
cause  of  the  phsenomenon  may  be  proved  by  the  following 
simple  experiment  Nitric  acid  is  heated  with  starch  to  a  tem- 

Serature  at  which  the  action  has  a  tendency  to  commence  but 
as  not  yet  begun.  A  stream  of  NO4  or  NOg  is  then  passed 
through  the  liquid,  when  action  immediately  begins  with  an 
activity  proportionate  to  the  quantity  of  gas  added.  The  ele- 
vation of  tempcratnre  due  to  the  progressive  action  influonres 
the  decomposition,  by  causing  the  atoms  of  nitric  acid  to  be- 
come more  tense.  Exactly  the  <«ame  accessory  affinity  is 
used  by  the  manufacturer  of  o\}  muiiate  of  tin,  when  he 
adds  a  fragment  of  tin  to  the  mixture  of  chlondc  of  tin  and 

•  TreuU  de  Chemie,  p.  211. 
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nilrio  add.  The  tin  eliminatiiig  some  nitric  oxide  quickens 
tlie  actioii>  which  oonunences  with  difficulty  with  puve  nitric 
acid ;  nitric  oxide       pflyBsed  throQgh  the  solution  answers 

the  same  purpose. 

This  accessory  affinity  also  enables  oxide  of  copper  or  per- 
oxide of  mangauesc  to  ev<)l\  c  copious  streams  of  oxygen  from 
chlorate  of  potash  in  a  stale  of  fusion.  The  heat  of  fusion 
decompubci  the  conipoiuid  slowly,  but  on  adding  a  body  hel- 
ving an  affinity  for  the  element  acted  upon  by  the  heat  (oxy- 
gen^, the  deounposition  proceeds  with  greatly  increased  t»> 
pidiiy.  We  cannot  ascribe  this  action  to  the  presentatioa  of 
points  from  which  the  gas  may  escape,  as  in  the  lowering  of 
the  temperature  of  ebullition  by  particles  of  aand,  becauae 
silica  has  no  influence  in  accelerating  this  decomposition** 

In  the  examples  pre^aously  given  we  have  the  decomposi- 
tions aided  hy  the  tendency  of  one  of  the  bodies  to  assume 
the  elastic  lorin.  But  Mhen  the  body  acted  upon  has  two 
elements,  one  of  which  is  influenced  hy  elasticity,  the  otln^r 
by  coliesion,  we  find  it  pcculiarl)  hablc  to  be  acted  upon  l>y 
external  agents.  Persulphuict  of  hydrogen  is  a  compound  of 
this  class^  and  has  been  closely  studied  in  its  decompositions 
by  Thenardf  •  The  same  bodies  which  decompose  peroxide 
of  hydrogen  act  cataljticaUy  upon  this  sulphiwet  The  de- 
composition cannot  be  due  to  points  for  the  escape  of  gas,  aa 
•qmsted  hv  liebiet,  to  explain  the  decomposition  m  per- 
osEwof  hydrogen,  because  solutions  of  the  alkalies  act  with 
equal  power.  The  sulphurets,  especially  those  of  the  alkaline 
metals,  decompose  it  very  readily.  As  in  the  case  of  per- 
oxide of  hydrogen,  the  acids  atibrd  stability  to  its  sulphur 
analogue.  In  tne  view  of  acids  given,  they  are  supposed  to 
have  become  chlorous  or  electro-negative,  representing^  and 
behaving  as  oxygen,  and  therefore  exerting  no  ailinity,  we 
should  anticipate  that  they  would  not  show  any  disposition 
to  break  up  an  oxygenous  compound  or  its  anuogoe  of  sui- 
pliur.  Another  instance  of  accessory  affini^  is  leen  in  the 
nitrooulphates$ ;  the  formula  (RO^SO^+NQJ  given  by  Pe- 
louze  to  these  compounds  does  not  aflow  us  to  understand 
their  decompositions^  which  however  becomes  intelligible  if 
we  view  nitrosulphuric  acid  as  nitric  acid,  in  which  the  fifth 
atom  of  oxygen  has  been  replaced  by  one  of  sulphur  (RO, 
NO4S),  In  this  acid  we  have  two  elements — the  nitrogen 
and  the  sulpluir — sharing  the  oxygen,  their  mutual  affinities 
being  neaily  balanced  when  the  acid  is  united  with  an  ai- 

*  Taylor's  Scientific  Memoirs,  vol.  iv,  p,  9. 

t  Jfm.  dtCi,etd€  PA.  xlviii.  79,  |  Ann.  der  Pkarm,  ii  23. 
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kali^  although  in  a  free  tltate,  the  aulphur  exhibits  a  superior 
affinity,  ns  shown  by  the  deoompositioii  which  then  result^ 
NO48  SB  NO  +  SO3.  Now  any  substance  which  acts  as  in 
accessory  to  the  sulphur  by  aiding  the  withdrawal  of  oxygen 
from  the  nitrojyen  decomposes  it.  This  instability  is  especially 
exhibited  in  NII4O,  NO^S  ;  the  3  atoms  of  hydrogen  of  the 
uminonia  in  their  attraction  for  oxygen  introducing  another 
affinity,  which  accelerates  decomposition.  And,  in  fact,  we 
do  find  that  the  same  agents  which  so  readily  decompose  the 
oxygenous  compounds,  chloride  of  lime  and  peroxide  of  hy- 
drogen,  do  equally  canae  the  disruption  of  nitrosulphate  of 
Bznmonia  into  protoxide  of  nitrogen  and  sulphate  of  ammonia. 
Alkalies  art  an  exception  to  this  rulcj  as  they  render  the  ni- 
troeulphaies  more  stable,  whUe  they  make  the  peroxide  of  hy- 
drogen prone  to  decomposition ;  but  the  cases  are  different, 
the  latter  substance  having  none  of  the  properties  of  an  acid. 

The  basic  character  of  alkalies,  defined  as  their  power  of 
uniting  with  more  oxygen,  or  with  an  acid  playing  the  part 
of  an  oxygenous  element,  is  illustrated  by  several  curious 
decompositions.  Thus,  though  grape- sugar  reduces  sulphate 
of  copper  with  ease,  cane-sugar  alone  does  not  readily  do  so, 
but  when  mixed  with  potash  and  boiled  with  tiie  mit,  sub* 
oxide  of  copper  is  proouoed,  as  in  the  mode  of  prepanrtion 
of  that  oxide  suggested  by  Boettger*,  or  the  reduction  of 
chloride  of  silTer  as  proposed  by  I^olf.  Here  the  disposi* 
tion  of  the  organic  matter  to  unite  with  oxy|;en  is  able  to 
gratify  itself  when  aided  by  the  accessory  affinity  of  the  pot- 
ash for  oxygen.  That  the  potash  in  this  state  acts  by  aiding 
the  oxidation,  is  seen  ])y  heating  Cu^O  with  a  solution  of 
caustic  potash,  exposed  to  the  air,  when  it  oxidizes  much 
more  rapidly  than  when  boiled  with  water  alone  |.  When 
suboxide  of  copper  is  dissolved  in  ammonia  it  oxidizes  with 
surprising  rapidity.  In  this  instance  the  hydrogen  of  the 
attunoni»  adds  to  its  disposition  as  an  alkali  to  morii  oxy« 
gen*  The  quick  oxidation  is  not  merely  due  to  the  ftct  of 

•  Ann.  der  Phmrm.  und  Chemie,  xxxix.  176. 
I  IkrrxcUus,  JahreibericJi/,  vol  xxv. 

X  Tliis  experiment  inav  be  simply  ninde  ns  follows : — Tlirf^c  sliallow  cvn- 
poratiiig  basins  of  the  snme  siise  anil  foraif  each  cuntainioff  the  same  quan- 
tity of  flulwxide  frf*  cop|;cr,  are  taken,  and  to  one  is  sdSed  s  eolution  of 
potnsh  or  lods;  to  the  second,  a  solution  of  cModde  of  tmtnganesc ;  to  the 
third,  common  untcr,  inking  care  that  the  same  volume  of  each  fluid  is 
added.  The  whole  are  now  placed  on  n  sand-bath,  so  as  to  be  exposed  to 
equal  tiniporaturea,  and  itimd  ooeerionalljr.  Tbe  ffiAwxide  of  eopeer  la 
the  basin  containing  chloride  of  manganese  oxidizes  very  rupidly;  toat  in 
contact  with  the  potash  more  slowly;  and  that  with  simple  water  is  scarcely 
effected  when  both  the  others  have  lost  their  red  colmir.  These  actions  are 
strictly  in  accordance  wiA  theoiy. 
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llw  tuboodde  boiii^  ia  •  itete  of  BoliiliiUj  boetnw  the  lolnble 
lilts  of  the  mbonde  do  not  oxidim  with  tndLtxtraotdiBary 
eue^  nor  it  it  to  be  eipected  that  they  thoidd,  if  wo  admit  that 
the  acid  itself  plays  tht  part  of  oxygen.  The  aoeasiory  affi- 
nity of  alkalies  for  oxygen  is  exhibited  in  many  other  oases  of 
ch^ical  action*  Thus^  oolouriDg  matters,  such  as  deoxidized 
logwood,  Brazil-wood,  peach-wood,  japan,  fustic  and  catechu 
arc  oxidized  more  rapidly  in  contart  with  alkalies  than  in 
water  alone  ;  and  various  dyeing  principles,  such  iiy  oreine  and 
cr\-thrine, absorb  oxyj^en  with  great  avidity  in  lliu  presence  of 
ammonia-  Su^r  may  be  boiled  witli  potash  without  de- 
compositiori ,  hut  when  air  is  admits  d,  lurmic,  melassic,  and 
glucic  iieids  are  produced.  Hydruret  of  bcnzylc  when  ex- 
posed to  air  gradually  absorbs  oxygen  and  passes  into  benzoic 
«eid>  hot  in  oontoot  with  potash  thisabsoiption  is  very  mnoh 
jwoeknited.  The  npid  oseompoiation  of  the  paSates  and  of 
homatine  intho  piesenee  of  free  alkali  sod  air  is  4phMioni^ 
non  of  the  same  kind.  In  fact,  numbeikso  inilnoes  of  this 
catalytic  action  of  the  aUcahea  ase  known  to  chemists. 

We  find  the  influenoe  of  an  ocoessor}'  oxidation  in  many 
cases  of  chemical  union*  Thus  Campbell  has  shown  *  that 
the  transformation  of  cyanide  of  potassium  into  cyanatc  of 
potash  is  much  acceleratec^  by  the  prr<^nnrc  of  thn  iron  in  vol  low 
prussiatt  of  potash,  the  iron  beni^  converted  liilu  oxide  during 
the  trauisiormation.  Here  the  iron  plays  the  ]>art  of  tlie 
protoxide  of  manganese  in  the  cases  of  o.\id4Ltiuii  already  re- 
ferred to,  or  it  perhaps  bears  a  more  direct  relation  to  the 
action  of  lead  in  communicating  a  tendency  to  the  base  metals 
to  seiee  oxygen  during  the  process  of  oupellatioQ,  The  in* 
flnence  exnted  by  pennode  of  manganese  in  tot  oomrerting 
cTamde  of  potissiani  into  oyaMte  m  potadb  and  aftennwds 
into  the  carbonate  of  that  heasy  IS  anothetf  instance  of  aoesssecy 
sffinity ;  for  oidy  n  jiartion  of  the  oxygen  ia  derifod  finom  the 
odds  employed.  The  solution  of  an  alloy  of  silver  and 
tinnm  in  nitric  ackl  may  be  supposed  to  bo  »  simihtf  afimfy* 
It  is  not  necessary  to  believe  that  this  is  a  case  proving  the 
communication  of  intestine  motion  to  the  atoms  of  platinum, 
by  which  it  acquires  the  power  of  decomposing  nitric  arid  f  5 
for  an  equally  simple  explanation  is  c^irm  hy  as^nniinL'  that 
the  united  aftinitii  s  of  jjlatinum  and  biUer  arc  ahlr  to  d-jcom- 
posc  nitric  ;u-itL  h  th  these  afiinitiea  acting  In  one  direction 
at  the  same  tiLue^  and  enabling  the  platinum  to  dissolve.  V\'e 
have  onl^  to  suppose  that  the  atoms  of  nitric  acid  are  placed 
by  the  silfer  in  a  state  of  suoh  tenskei  that  tho  pinlinMm  can 

*  Phil.  M^.  Third  Series,  vol.  xix.  p.  J 13. 

t  Litb^'s  ElMMnfi  of  AgffeaNeMi^  4A  9dlt,  p.  280. 
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now  seize  oxygen,  which  it  could  not  do  from  the  nitric  acid 
when  in  a  less  tense  state.   The  quartation  of  gold  is  ob* 

viously  n  plifrnomenon  of  tlie  same  kind.  Tn  these  instances 
the  interposing  bih  ei  much  reduces  the  cohesive  or  afro-rcpiTitivo 
force  of  the  platinum  or  gokl,  which  opposes  bo  strongly  the 
action  of  nitric  acid  upon  them.  But  when  liavc  every 
atoiu  of  platinum  or  of  gold  separated  by  one  of  silver,  great 
facili^  is  given  to  the  nitric  acid  to  act  upon  these  metals, 
especiaUy  when  the  silver  at  the  same  time  aids  them  by  its 
assistant  affinity. 

We  have  seen,  in  the  consideration  of  the  previous  in* 
stances  of  catalysis,  that  the  play  of  affinities  was  occasionally 
so  nearly  balanced,  that  a  second  disturbing  cause  determined 
the  direction  of  the  action.  In  the  case  of  non-accendi- 
ble  phosphuretted  hydrogen,  tlie  addition  of  another  oxi- 
dizable  body,  NO4,  decided  the  union  of  oxygen  with  t  he  gas. 
In  accendible  phosphuretted diydiogcn  the  compound  PH^ 
played  the  same  part.  "When  the  accessory  agent  is  present 
m  suiall  quantity,  the  preponderating  athnity  of  the  body 
acted  upon  shows  itself  m  the  result.  But,  as  the  ac- 
tion is  due  to  two  affinities  nearly  e^ual  in  amount,  it  is  easy 
to  conceive  that  the  increased  quantify  of  the  accessory  agent 
may  exactly  balance  affinities,  and  that  the  catalytic  phieno* 
menon  will  be  prevented.  Thus  one-twentieth  of  the  volume 
of  binoxide  of  nitrogen,  according  to  Graham  added  to  ao- 
cendiblc  ])hosphurettcd  hydrogen,  docs  not  deprive  it  of  in- 
flammability, the  bubbles  of  gas  e'^mpinp'  into  flic  air  with  a 
kind  of  explosion,  although  our -t(  nth  volume  of  the  same 
gas  aiLogether  prevents  the  accendibiiity.  This  nitric  oxide, 
"when  pure,  does  not,  like  protoxide  of  nitrogen,  render  phos- 
phuretted hydrogen  spontaneously  inflammable,  the  reason 
obviously  being  that  its  own  affinity  for  oxygen  is  more 
powerful  than  that  of  the  phosphuretted  hydrogen.  When 
added  however  in  such  small  proportion  to  the  accendible 
gas  that  the  foreign  constituent  in  it  preponderates,  then  it 
becomes  an  accessory  to  the  oxidation,  though  an  increase  of 
the  quantity  renders  it  more  powerful,  and  prevents  accendi- 
biiity by  itself  seizing  oxygen.  Thus  also  larger  volumes  of 
gas,  havinf^  nn  affinity  for  oxygen,  but  incapable  like  NO4  of 
gratifying  that  desire  under  ordinary  cii'cumstimces,  may 
exactly  balance  the  feeble  athnity  of  the  foreign  accessory 
body  and  prevent  oxidation.  Five  volumes  of  Indrogen, 
2  volumes  of  carbonic  acid,  1  volume  of  olefiant  gas,  and 
1  vdume  sulphuretted  hydrogen,  deprive  1  volume  of  phos* 

•  PhiL  M«g.,  Third  Series^  vol.  v.  p.  405. 
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phufeited  hydrogen  of  its  spontaneous  inflammability*.  The 
very  conception  of  a  catalytic  agent,  on  the  view  adoptedy 
implies  the  exertion  of  an  affinity^  which  is  passed  over  or 
added  to  that  of  the  body  acted  upon.  If,  therefore,  a  tliird 
body  claim  this  ?idded  affinity,  the  increase  of  power  being 
divided,  may  be  iasutticient  to  exert  the  force  which  it  did 
when  wholly  applied  to  aid  the  atHoity  of  one  body.  It  may 
be  this  biilauciog  of  aftinities  which  prevents  the  action  of 
platinum  uii  a  mixture  of  oxygen  and  hydrogen.  The  plati- 
num by  its  aurface  affinity  coudenses  oxvgen,  and  presenting 
it  to  hydrogen  in  a  oondensed  forat  |»oauces  union.  But  in 
the  presence  of  small  quantities  of  certain  oxidizable  gases, 
such  as  sulphuretted  hydrogen,  carbonic  oxide,  and  defiant 
gases  f ,  it  ceases  to  exert  this  action,  the  assumption  in  this 
case  being  that  the  affinity  of  the  added  gases  for  oxygen 
balances  that  of  hydrogen  for  the  same  gas. 

This  balancing  of  affinities  may  account  for  several  phn?ino- 
mcna  otherwise  inrxjilienbli-.  On  the  decay  of  vegetable 
mould  we  find  tlie  liydi  oLcii  constantly  diminishing  m  quan- 
tity until  a  certaiii  pu  iod  of  decomposition,  when  the  affinity 
of  the  carbon  of  the  iiumus  for  its  hydrogen  balances  the 
affinity  of  the  sun  oundin^  oxygen.  It  seems  to  be  the  same 
balancing  of  affinities  which  renders  corrosive  sublimate  so 
antiseptic  in  its  properties ;  but,  in  this  case,  the  balanbe  re- 
sults from  Ihe  affinity  of  the  second  atom  of  chlorine  in  the 
bichloride  of  mercury  for  the  hydrogen  of  the  organic  sub> 
stance,  thus  preventing  its  union  with  oxygen.  It  is  probable 
that  the  same  affinity  of  chlorine  for  hydrogen  causes  turpen- 
tine and  the  volatile  oils  to  act  catalytically  in  exploding  chlo- 
ride of  nitrogen.  The  chlorine  attracted  by  the  hydrocren  of 
these  substances  is  drawn  without  the  sphere  of  its  attraction 
for  nitrogen,  and  a  disruption  of  the  elements  consequently 
ensues,  compounds  such  as  this  resting  on  the  very  verge  of 
separation  between"  physical  and  chemical  attraclion.  Tiic 
antiseptic  action  of  corrosive  sublimate  is  very  different  from 
that  exerted  bv  sulphurous  add  and  sulphate  of  iron,  these 
bodies  acting  by  their  superior  affinity  for  oxygen,  and  neu* 
tmlixing  the  power  of  the  ferments  or  accessory  oxidizers 
present  in  the  organic  body. 

There  is  no  difficulty  in  applying  these  notions  of  catalysis 
to  oiganic  compounds,  which  from  the  complexi^  of  theur 

*  The  infloenee  which  die  Ytpoan  of  tonentine  exert  in  preventing 
the  oxidation  of  photphoitti  in  (he  air  it  probably  enodier  iniUnee  of  this 

balnneiiig  of  affinities. 
.  t  i  araday,  i*hU.  Mag.,  Third  Series,  vol.  v.  p.  405 ;  Turner,  Jaracson'a 
ioBTnal,  zi.  99  and  311. 
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moleoulet  m  peouluurlj  liable  to  cbu^  If  il  ohm  be  ad- 
mitted that  an  aNttting  affinity  may  exitl  in  tha  iaiiaa  deflatd 
in  the  piaeent  peper.  then  eea  the  same  cause  optnrtlBg 
upon  organic  ae  well  at  inorganic  mokouks*    When  nilno 

acid  acts  on  oxalic  aoid  or  starch)  an  inorganic  body  (a  pro* 
tosiilt  of  manganese)  lowers  the  temperature  nrcrs'^tiry  for 
the  oxidation,  and  exerta  its  influe^ire  until  all  tiie  starch 
is  eonverted  into  carbonic  acid,  beuig  equally  efficacious 
on  the  addition  of  more  nitric  acid  and  starch.  Hen*  the 
body  uctiug  as  an  assKstant  remains  unchanged,  and  llierc* 
fore  continues  its  action  nd  infinitum,  rendering  it  iuipu.ssiLlc 
to  prepare  oxalic  acid  from  nitric  acid  and  starch  or  sugar, 
carbonic  acid  being  the  only  product  *.  Had  the  assistant 
oddiaer  paeiod  fiom  eolation  during  the  progresa  of  the  ooda* 
tion^it  oonldnot  of  ooBM  oontittue  Ite  fhvoutable  oftety  and 
a  new  portion  of  it  muit  have  been  added*  Hom  tha  inm^ 
gimic  salt  enables  the  eugar  to  otidlia  itself  from  the  enr- 
rotmdtog  medium  just  as  yeast  doei|  the  only  difloiaaee  hoing 
that  tha  yeatt  iteelf  eufiers  change,  and  thercibrd  oan  only 
continue  its  action  for  a  limited  period.  It  is  exactly  in  the 
same  condition  ns  a  mixture  of  nitric  acid  and  binoxide  of 
nitrogen  made  to  act  on  protocldoridc  of  tin.  A.  small  portion 
of  tlie  latter  added  to  such  a  mixture  is  oxidized,  but  when 
the  solution  m  heated  until  all  the  NO ,  is  exj>ell(Mi,  oxidation 
does  not  ensue  on  the  addiliun  of  a  nc  .\  juntinn  at  t!ii'  sime 
low  temperature  as  before.  No\\  S;ni-sm(  uud  Culiu  ha\c 
shown  that  yeust  only  induces  fcruientauun  when  it  is  in  a 
position  to  absorb  oxygen.  It  acts  therefore  strictly  as  bin* 
oxide  of  nitrogen,  or  a  protoealt  of  manganeee^  in  the  prerioita 
inetatweef  br  adding  tte  alBnitj  ibr  oxygca  to  that  of  tha 
sugar^  the  added  affinitiee  of  both  oompleting^  tha  itaiom  Tha 
only  difiiwence  between  theee  two  decompomona  i%  that  ia 
one  oaee  tha  oaidiaing  agent  it  nitrio  aoid,  in  tha  other  it  ia 
water.  The  composition  of  engar  shows  it  to  eontain  tha 
elements  of  alcohol  and  carbonic  acid  miniis  an  atom  of  water. 
In  such  a  compound  ^ve  Iiave  tho  affinity  of  carbon  for  hy- 
drogen and  of  rnrhon  for  oxygen.  The  yeast  by  its  nitrogen 
also  exerts  nn  ulliinty  for  hydrogen,  and  by  it:^  cr.rbon  for 
oxygen.  The  united  ailinities  of  the  sugar  and  of  tiie  yeast 
acting  upon  water  decompose  it,  its  elements  on  their  hbera- 
tion  being  shared  by  the  carbon  of  the  suirar,  for  which  it 
may  be  supposed  to  have  the  strongest  affiuiiics,  C^g  Hji 

•  Tn  this  it  ifsi'^mblo'*  tho  nctina  of  (^xnHc  ncul  ia  pn!ircrtin|»Bn  nT\Hm?t^ 
<]u..iitity  of  oxamide  into  oxaiute  of  tuumonia,  with  this  difl'eioaco,  ihrti  the 
oxulic  acid,  which  cames  the  change,  may  not  be  the  same,  but  a  rpgene* 
lated  portioD,  while  the  sslt  of  mao^neis  always  iMUte  aaehsagid* 
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-f  HOh4CO|+9  (C4  H«  O^.  To  ahofw  the  tnct  similaritjr 
of  the  tiro  proeeaees  of  oxidation  when  the  aMwting  body  i> 
eith«r  oiganie  or  inorganic,  I  may  cite  the  curious  manuikc- 
luring  process  for  oiddi^ing  oils  in  the  method  of  dyeing 
Turkey-red  used  in  this  country,  and  included  in  Mercer^s 
pntent  for  that  colour.  It  consists  in  oxidizing  oils  by  blow- 
mi:  hot  air  through  them,  the  oils  bciu^  in  contact  with  a 
solution  of  a  salt  of  copper  or  of  bran  :  the  contact  of  either 
of  these  sohitions  is  found  very  niuttiiuliy  Lo  acccleitite  the 
oxidation,  'i  hc  catalytic  action  of  oxide  of  copper  iu  evolving 
oxygen  from  hypochlorite  of  lime  was  adduced  as  showing  it« 
■mmty  for  more  oxygen,  and  this  feeble  tlBiiity  is  well  known 
and  used  empbically  by  aU  caUco-prtnterey  who  ave  in  the  con* 
atant  habit  of  uiiiDg  a  aalt  of  copper  with  their  coloura  for 
the  pvrpoMof  agemg  them  more  apeedily ;  in  other  words,  of 
eaanng  them  to  unite  with  oxygen.  This  also  is  the  assisting 
cause  in  Mercer's  process  for  oxidizing  oils ;  bran  in  solution 
answers  the  same  purpose  from  its  affinity  for  oxygen.  The 
addition  of  commnii  ^nlt  or  muriate  of  nmnior.ia  favour^:  the 
oxidation  in  all  the  cases  referred  to,  the  oxui.ition  proceeding- 
much  more  quickly  in  their  ]u'cscnce.  No  <ul)-(  lileu  i.h  it* 
ever  formed,  the  action  being  purely  catalytic,  and  piobably 
depending  on  the  conversion  of  the  salt  ui  copper  into  a 
chloride,  the  chlorine  of  which  may  be  supposed  to  exert 
a  aliriit  alfinityfor  the  hydrogen  i(  the  compound,  thna 
withdniwin|;  it  aomewhat  from  tne  sphere  of  its  own  apeeial 
attractions  m  the  body ;  the  copper  now  aiding  the  dminey 
deHvers  the  hydrogen  more  easily  into  the  power  of  the  oxy* 
gen  of  the  atmosphere.  It  is  therefore  immaterial  whether 
the  body  exercising  the  assistant  affinity  be  organic  or  inor- 
ganic, if  the  conditions  be  favourable  to  the  exercise  of  this 
influence.  The  action  of  a  body  in  acetous  fermentation  on 
the  transformation  of  brandy  into  vineirar  must  be  recognised 
as  a  phRmomenon  of  a  like  kind.  We  kiiuw  that  brandy  may 
trickle  V.  ithout  chanpro  over  a  large  surface  ol W  hhI  sliaxings, 
thi'ough  which  air  circulates  at  the  heat  of  the  human  body, 
but  that  it  is  quickly  converted  into  vinegar  if  brandy  in  the 
aet  of  ostdatlon  be  mUed  with  it  Here  the  added  tanent 
enrta  its  aasisting  affinitjr  in  predselj  the  same  wa^  as  the 
aalt  of  copper,  when  it  aids  the  oxidation  of  oils  or  ooloufa, 
or  as  proton itrate  of  manganese  or  peroxide  of  nitrogen 
during  the  oxidation  of  starch.  The  conversion  of  hydrogen 
and  oxygen  into  water  by  the  action  of  fermenting  silk,  cot* 
ton,  or  woody  fibre,  as  observed  by  Saufsure,  is  obviously  a 
pluenomenon  of  the  nm  >  kind,  luid  can  only  be  exerted 
slowly  and  in  the  immediate  vicinity  of  the  assisting  oxidi- 
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zcrs,  just  as  a  ball  of  spoDgy  platinum  silently  effects  the 
union  of  these  two  gases. 

In  these  cases  we  must  admit  that  the  action  is  indepen* 
dent  of  a  state  of  intestine  motion  of  the  atoms  of  one  com- 
pound molecule  imparted  to  those  of  another,  or,  if  we  do  not 
allow  this,  we  must  create  two  new  powers  and  separate  de- 
compositions caused  by  inorganic  bodies  from  those  produced 
by  organic  com])ound9,  althoiigh  nil  the  phncnomena  of  the 
decomposition  show  them  to  belong  to  one  cntc;rory. 

In  a  body  in  a  state  of  such  incessant  change  as  the  biood 
of  living  animals,  it  would  naturally  be  expected  that  an  added 
agency,  such  as  that  described,  would  render  it  prone  to 
abnormal  actions  and  oxidations,  and  in  fact  wc  do  recognise 
by  all  the  recent  pi ogi  css  in  the  study  of  public  hygeine 
that  the  addition  of  any  oxidizing  miasm  or  putrid  matter 
to  the  blood  does  produce  those  changes  which  are  known 
by  their  results  in  the  different  forms  of  disease.  These  and 
other  catalytic  agents  no  doubt  exercise  most  important  in-' 
fluence  on  the  processes  of  animal  life  and  on  the  action  of 
medicaments  on  the  system,  but  it  would  be  foreign  to  the 
object  of  this  paper  to  exaniinc  them  in  detail. 

The  limits  of  a  pupt  r  such  as  this  compel  me  to  avoid 
including  many  otlicr  instances  of  catalytic  decompositi  ons 
which  come  under  this  explanation,  or  of  drawing  special 
attention  to  those  wliich  cannot  be  included  in  the  present 
state  of  our  knowledge.  Thus  diastase,  acting  on  starch, 
ccmverts  it  into  sugar,  but  we  have  so  little  knowledge  of 
the  composition  or  properties  of  the  first  body,  that  it  would 
be  unwarrantable  to  embrace  a  case  such  as  this.  But 
in  analogous  changes  produced  by  bodies  which  are  under- 
stood, the  same  power  is  recognised.  Sulphuric  acid  in 
converting  starch  into  grape-sugar  offers  an  example  of 
combination  which  may  fairly  be  examined  by  the  same 
method  cm[)loyed  in  myestigatinp:  other  decom])osition8. 
Graham  has  shown*  that  heat  is  evolved  even  on  the  addi- 
tion of  the  4  '^th  atomic  proportion  of  water  to  sulphuric  acid, 
or,  in  other  words,  that  the  affinity  of  that  acid  for  water  is 
not  gratified  as  long  as  our  instruments  of  research  can  foUow 
the  3iange.  This  is  merely  another  proof  of  the  doctrine 
with  which  I  started,  that  there  is  no  evidence  of  such  a 
complete  gratification  of  affinity  as  ever  to  merge  entirely  the 
attractions  of  the  elements  of  any  body.  In  the  case  referred 
to,  the  development  of  heat  on  each  successive  addition 
proves  that  the  water  is  condensed  on  entering  into  union 
with  the  acid.  When  the  heat  of  the  sulphuric  acid  is  arti- 
•  FbU.  Mag.  lliird  Seri6l^  vol.  nii.  p.  334. 
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ficially  increased,  this  compound  is  broken  up,  for  distil- 
lation drives  oS  the  water  and  concentrates  the  acid.  Now 
when  starch  is  in  the  presence  of  this  weak  oombinatioii 
of  sulphuric  acid  and  water,  at  a  temperatttre  at  which  the 
latter  is  just  aUe  to  exert  its  affinity  and  again  have  it  de« 
atroyed  by  heat,  it  is  not  at  all  extravagant  to  suppose  that 
the  starch  mtj  seise  the  water  in  its  nascent  state  at  the  mo- 
ment  of  expulsion,  or  even  that  it  may  be  able  to  unite  with 
the  last  atoms  of  flic  series  of  acid  and  wat(  i  when  presented 
in  that  condensed  state,  although  it  cannot  do  so  when  the 
water  is  free  and  not  nascent.  Any  such  union  u  ouUl  explain 
the  tran^formntion  of  starch  into  grape-sugar,  the  chance 
merely  being  iu  the  acquisitiua  ol'  water,  C,^  IijoOiQ  +  4HO 
=  C,2  H,4  Oj  J.  The  action  here  is  not  the  same,  but  the  vrry 
reverse  of  tliat  which  ensues  in  the  preparation  of  itlher.  in 
the  out;  ca^c  the  i^ulpiiuiic  acid  abstracts  water,  in  the  other 
it  is  the  means  of  adding  it,  and  the  difference  of  Ihc  acliuu 
depends  on  the  relative  strength  of  the  acids  employed. 
Without  at  all  giving  an  optmon  in  iavour  of  the  necessity 
finr  the  formation  of  sulphovinic  acid,  as  supposed  by  Uebig*, 
<^  as  to  its  not  being  an  essential  condition,  as  argued  by 
Mitscherlich  t,  the  6nal  result  is  simply  of  the  order  now 
under  consideration*  in  this  decomposition  the  sulphuric  pr 
phosphoric  acid  is  so  strong  that  it  combines  with  the  water 
mstead  of  yielding  it,  and  the  elevation  of  temperature  essen- 
tial to  the  change  may  either  be  due  to  the  formation  and 
after  derompn??ition  of  sulphrn  inir  arid,  or  it  may  be  «imply 
owing"  t(»  the  iiccp'^sitv  of  rendciiiij;  tlic  molecule  of  alcohol 
tense  by  lieat,  thr  cla^Jticity  of  the  a  tficr  and  water  both 
tending  to  lii'cak  up  tiie  hvdrate,  the  deeouipoaitiuu  <>f  w?iich 
is  dctcmiiiitMl  by  the  presence  <^1"  the  strong  acid  now  al^.i 
Jiidiiig  uud  abstracting  the  water.  The  liuai  result  h  certainK' 
purely  catalytic  in  whatever  light  it  is  considered,  aliliougli 
there  may  I>e  more  than  one  step  in  the  process. 

In  conchuifla,  llusta  have  been  brought  forward  to  ahoW 
that  there  ii  at  least  as  much  probability  in  the  view  that  tiie 
catalytic  force  la  merely  a  modified  form  of  chemical  affiniljr 
exerted  under  peculiar  conditions,  as  there  is  in  ascribing  it 
to  an  unknoNvn  power,  or  to  the  communication  of  an  intes- 
tine motijon  to  the  atoms  of  a  complex  molecide.  Numerous 
cases  have  been  cited  in  which  the  action  fesTilt^  when  the 
assisting  or  catalytic  body  is  not  in  a  state  of  change,  and 
attempts  Jiave  been  made  to  prove  bv  neu-  t'X[)ei'irnnnt>  that 
the  ciUalytic  body  exercises  its  peculiar  power  &y  adkiff  ui 

*  (ieigrr's  Phunndvir,  vul.  ii,  p.  711  </  srq, 

%.  Lthrbuch  der  L/uvw,  vol.  L  p.  247  tl 
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the  same  directum  as  the  body  decomposing  or  entering  into 
union,  but  under  conditions  in  which  its  own  affinity  cannot 
always  be  gnititied.  The  r«tidytic  body  is  thcretbre  a  sub» 
stance  which  acts  by  adding  its  own  atlinity  to  that  of  aa« 
other  body,  or  by  exerting  an  attraction  sufficient  to  cfet 
decomposition  under  certain  circumhlances,  without  being 
pu\vi:rlul  enoufi:h  to  overcome  new  conditions,  such  as  tlasti- 
city  and  cohesion,  which  occasionally  intervene  and  alter  th« 
expected  result. 

At  the  same  lime  the  theory  in  hr  fiom  being  fully  proved  $ 
but  If  I  have  saoeeeded  in  rendering  probable  that  the  ei- 
talytio  force  ia  only  chemiod  affinity  reoogniaed  under  an 
aspeet  which  chemiata  have  not  been  aceuatomed  to  view  it, 
and  exerted  under  conditions  whicli  can  only  be  developed 
by  close  attention  to  details,  it  will  not  have  been  naotflii  to 
dueet  inereaaed  atudj  to  tbii  intaieating  claaa  of  ph«noin€Pi> 


XXXVI,  Oh  Qiiatrniions ;  or  on  a  NmSMem^lmagmariet 

in  Algebra.  Bij  Proressor  Sir  WilliamRom  an  Hamilton, 
LL,D,,F.P,H.LA^  ^'.R^A.S.,  Correspond  ijig  Member  of  the 
Institute  of  France^  and  of  other  Scienit/Sc  Societies  in  Br^id^ 
and  Foreign  Coufi fries,  Afidrrivs*  Professor  of  Astronomy  in 
the  Univcrsitjj  of  Dublin  ^  and  Uotfol  Astronomer  qf  Jrektni* 

[Continued  from  vol.  KU.  p.  461.] 

8S.  T^OR  the  sake  of  those  mathematical  readers  who  are 
familiar  with  the  method  of  co-ordinates,  and  not  with 
the  method  of  quaternions,  the  writer  will  here  oflhr  an  inves- 
tigation, by  the  former  mciliod,  of  that  general  property  of 
the  ellipsoid  to  wliicli  he  was  contlucted  by  the  latter  method, 
and  of  which  an  account  was  given  iu  a  recent  Number  ot 
this  Magazine  (for  June  1847). 

Let  X  If  s  denote,  as  usual,  the  three  rectan«^ii!ar  co-ordi- 
nates of  a  point,  and  lut  us  iuii  oduce  two  real  Iuik  u  ^n-  ul 
these  three  cu-urdinates,  and  of  .six  .a  jiir;  i  v  buL  i  cul  coa- 
slants,  Imnl' m'  u\  which  functions  shall  be  denoted  by  u  and 
V%  and  shall  be  determined  by  the  two  following  i  datioos: 

m(//'  -f  iti Hi  t  ** n  )  =  l'j:-\~  m'y  -f  n'x ; 

then  the  equation 

t^^o'sl  (IJ 

will  denote  (aa  received  principles  suffice  to  ahov)  tbat  tbt 
eurved  surface  which  ia  tba  locus  of  the  potntjrj^a  laaAeliilH 
8oid,  having  its  centre  at  the  origin  of  c^KMrdlnatea ;  nnd  con* 
veraely  this  eqnatioq  i^-f      i  may  r^praaent  apj  anch  eliip- 
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loidybjratiiitiiliiaolioiatof  tht  mrori  cneiteati  Immtmlfifm 
Al  Um  iMBB  line  the  cqntlkm 

will  represQDt  a  system  of  two  parallel  p!aaas»  which  touch 
tha  fiHi(>«oi()  at  tha  axtremillei  or  the  diameter  qenoted  iltt 
equatiflii 

and  tbU  dlainatar  will  be  the  axU  of  revolutioii  of  a  certain 
•irouMoribad  ejrlipdart  pamaly  of  the  ojfluider  denoted  by 
the  equation 

the  emiatlon  of  the  phwe  of  the  elllpee  of  oentaet,  along  which 
thif  civeular  cylinder  envelopes  the  ellipeoidf  behig^  in  the 
eame  notation, 

fiiaO: 

all  whioh  nmy  be  inlerred  lW>in  ordinary  principle*,  and  agfeee 
with  what  was  remarked  In  the  9Pth  artifile  of  tbi«  paper- 

34*  Thif  being  premised,  let  ns  next  introduce  three  new 
constants,  p,  g,  r,  depending  on  the  six  former  constants  by 
die  three  illations 

8psf+rf   fj^m-^mft  Sran+ii^. 

We  sliall  then  have 

and  the  equation  (1.)  of  the  ellipsoid  wUi  become 

^  4  (/j-  +  my  +  nz){px  -\-qi/-^n) 

= + + { + (III     )» + 

if  we  introduce  three  new  wiables»  y»  ^\  (Icp€ndiiig  on 
the  three  old  ▼enables  y,  a,  or  rather  on  their  ratios^  and 
on  the  three  new  constants       r,  by  the  conditioaS| 

f[  —  '^  =  ^  ^^(P^+9y-^^'^) 
»     y      ir  "    *^+j?Hh»*  * 

These  three  last  equations  give,  by  elimination  of  the  two 
ratlee  of  #,  y,  r,  the  nlatien 

the  new  voriabl^s  y,  -jr'  are  therefore  co-ordinates  of  .i  new 
point,  which  hu»  for  its  locus  a  certain  spheric  surface,  passing 

Vbrgugh  i\m  centre  of  tb«  «liip«oid  i  aiui  the  iam«  new  point 


Digitized 


216        Sir  W.  Rowan  Hamilton  on  Quaternions, 

is  evidently  contained  on  the  radius  vector  drown  from  that 
centre  of  the  ellipsoid  to  the  point  .rj^  or  on  that  nidius 
vector  prolonged.  We  see,  also,  xhni  the  length  of  this  radius 
vector  of  the  ellipsoid,  or  the  distance  ol  the  point  x  t/  r  Irom 
the  origin  of  the  co-ordinates,  is  iaversel}'  proportional  to  the 
distance  of  the  new  point  1/  o(  the  spheric  surface  trom 
the  point  /  )/i  fi.  which  latter  is  n  certain  fixed  point  upon  ilic 
surface  of  the  eliip.-»t>itL  1  his  lesult  gives  alicady  an  ea^ 
and  elementarv  mode  of  generating  the  latter  surface,  wlucli 
may  however  be  reduced  to  m  Mi  greeter  degree  of  simplicity 
by  continoitig  the  analysis  as  follows. 
d5.  Let  (be  straight  line  which  eonneets  the  two  poinli 
s'  and  /  »  »  be  prolonged,  if  iieoessary»  so  as  to  cut  the 
same  spheric  sur&ce  again  in  another  point  j^y  a";  we  shall 
then  have  the  equatbn 

from  which  the  new  co-ordmaies  2,^',  y'^,  2 '  may  be  eliminated 
by  snbstttnting  the  expressions 

and  the  root  that  \s  efjiuil  to  unity  is  then  to  be  rejected,  in 
the  resultin<z;  (juati  i  atic  tor  t.  Taking  therefore  Ibr  /  the  pro- 
duct of  the  roots  of  that  quadratic,  we  find 

-f  w«  +    — -Hwy  -H  ftr) 

(V-/)i+(y-.«)i»4.(z'-ji)«' 

therefore  alsO)  by  the  last  article^ 

^+m'  +  n« — 2{lp  -i-  mq  +  ni) ' 

consequently 


and  finally, 

CT''~/)«+(y"-m)«  +  («"-n)«=a2  +  2/V««.  •  (2.) 
Denoting  by  a,  b,  c,  the  three  fixed  points  of  which  the 
co-ordinates  are  respectively  (0,  0,  0),  (/,  m,  n),  ( p,  q,  r- ;  nnd 
by  D,  d',  e,  the  three  variable  points  of  which  the  co-orti  n  itcs 
arc  y,  J!?'),  (1",  y,  t''),  fx,  ?/,;?);  abed'  may  be  regarded 
as  a  plane  (juutUilateral,  ul  wliich  the  diagonals  ae  and  bd^ 
intersect  each  other  in  a  poiiiL  d  on  a  fixed  sphcnc  sur- 
face, which  has  its  centre  at  c,  and  passes  througli  a  and  d'; 
so  that  one  side  i/a  of  the  quadrilateral,  adjacent  to  the  fixsd 
side  AB,  is  a  chord  of  this  fixed  sphere.  Andtlieequatlott  (S.) 
expresses  that  the  eiker  side  be  of  the  tame  plane  quadrSatenK 
mygoent  to  the  same JSged  side  AB^iia  ekard  q^a ^fised  dl^^mH 
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^ihe  tmo  diagonals  ae,  bo^  cf  the  quadrilateral  he  equaUtfUmg\ 
wo  that  a  ^neral  and  characteristic  property  of  the  eUinsoid, 
safiicient  tor  the  construction  oC  that  surface,  and  Ibr  the  in- 
vestigation of  all  its  properties,  is  included  in  the  renarkably 
lunple  and  eminently  geometrical  fornittla 

ABsB&s  (S.) 

the  locus  of  the  point  E  being  an  elltpsoid,  which  passes 
throui^  B»  and  has  its  centre  at  A,  when  thb  condition  is 
satisfied. 

This  formula  (d.%  which  has  already  been  printed  in  this 
Magazine  as  the  equation  (10.)  of  article  SO  of  this  paper,  may 
therefore  be  deduced,  as  above,  from  generally  admittedprin* 
ciples,  by  the  Cartesian  method  of  co-ordinates;  although  it 
had  not  been  known  to  geometers,  so  far  as  the  present  writer 
has  hitherto  been  able  to  ascertain,  until  he  was  leil  to  it,  in 
tbe  summer  of  1 846  *,  by  an  entirely  different  n)e!hod  :  namely 
by  applying  his  calculus  of  quaternions  to  the  discussion  of 
one  of  those  new  formsf  for  the  equations  of  central  surfaces 
of  the  second  order,  wliich  he  had  cumuiunicateil  to  the  Royal 
Irish  Academy  in  December  1815. 

36.  As  an  example  (already  alluded  to  in  the  SSnd  article 
of  this  paoer)  of  the  geometrical  employment  of  the  formula 
(d.)f  or  or  the  equality  which  it  expresses  as  existing  between 
the  lengths  of  the  two  diagonals  of  a  certain  plane  quadrllatend 
connected  with  that  new  construction  of  the  ellipsoid  to  which 
the  writer  was  tlius  led  by  quaternions,  let  us  now  propose  to 
inTestigate  geometrically,  by  the  help  of  that  equaJitv  of  dia- 
gonals, the  diflTerence  of  the  squares  of  the  reciprocals  of  the 
greatest  and  least  semi-diameters  of  any  plane  and  diametral 
section  of  an  ellipsoid  (with  three  unequal  fixes).  C Onceive 
then  that  the  el!ii)soiLi,  and  the  auxiliary  spiiere  employed  in 
the  above-mentiontd  consU  ucUuii,are  both  cut  by  a  plane  Af^'c', 
on  wliich  and  d  are  the  orthogonal  ])iojections  the  lixed. 
points  B  and  c;  the  auxiliary  point  d  may  iiiu:»  be  conceived, 
to  moTC  on  the  circumference  of  a  circle,  which  passes  through 
At  and  has  its  centre  at  d ;  and  since  AE^  being  equal  in  length 

*  See  the  Proeeedlop  of  the  tloytl  Iriih  Acadeny. 

t  In  rcj  nnting  one  of  those  new  forin^  namelj  Ae  Mlewil^  qptttCT* 
ouw  form  of  tbe  equation  of  the  ellipsoid : 

a  slieht  mistake  of  the  prewoccnrrcd  at  p.  459,  vol.  xxx.  of  thh  Mn^vi/'v.v, 
which  however^  with  the  ascUtance  there  given  by  the  cuntext,c&Q  M^arcely 
haft  erabarraeied  tbe  reader*  Id  the  preceding  pa^^e,  for  a  byperiwloid  oi 
one  sheet,  touddiig  the  Mune  cylinder  in  the  iaoie  *U§t,  iboeld  have  been 
printed^  ••••  in  the  me dK^. 
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to  BD'  (becauM  ihoM  are  the  lwo«qaal  diagoiuiU  of  the  qua* 
driJateml  in  lh«  coiialniotion),  must  vary  iwmdf  as  BD  (bjr 
ao  •Umentary  pfcpwiy  of  the  aphere),  wo  arc  to  seek  the 
difference  of  the  squares  of  the  extreme  values  of  BD|  or  ot 

B'D,  because  the  square  of  the  perpendicular  BB'  is  constant 
for  the  section.    But  the  lonflest  and  shortest  straight  ItneSi 
B'D,,  B'D.,  wliich  can  thus  ue  drawn  to  the  auxiliary  circle 
round  U,  li  oid  the  fixed  point  B' in  its  plane,  are  those  drawn 
to  the  extremities  of  that  di  niieter  DiC/D^of  this  circle  which 
p.ihses  through  or  tends  towards  B';  so  that  the  four  points 
C      B'  arc  on  one  ttraigiit  line,  and  the  dill^renceof  the 
squares  of  B^D.,  B'Dg  is  equal  to  four  times  the  recta^lt 
und^r  &0  and  OD,,  or  undar  WO  and  OA.  Wa  sea  thenfEre 
that  tlia  sborcatt  and  longest  saml-dlamatars  AEj,  AEtof  tis 
diametral  saotion  of  the  ellipiold)  are  perpendicular  to  eicl 
other,  beoante  (by  theoonitmetion  above-meRtloiied)they  coin* 
olda  in  their  directions  respaotlveij  with  the  two  sopplaoiantaiy 
ohords  ADit  AD^of  tlie  section  of  the  auxiliary  spbeivband 
an  angle  in  a  semicircle  Is  a  nglit  angle}  and  at  tha  same  time 
we  see  also  that  the  difierenceof  the  squares  of  the  reciprocati 
of  these  two  rectangular  '-emiaxes  of  a  diametral  section  of  the 
ellipsoid  varies,  in  passing  Irom  one  sv.ch  section  to  another, 
proportionally  to  the  rectangle  under  tlic  projections,  B'Oand 
C'A,  oftlie  two  fixed  lines  BC,  CA,  on  the  plane  of  the  vftj> 
able  section.    The  diilerence  of  the  squares  of  these  recipro* 
cals  of  the  semi-axes  of  a  section  therefore  varies  (as  intieeu  it 
is  well-known  to  do)  proportionally  to  the  product  of  the  sines 
of  the  inclinations  of  the  plane  of  tne  section  to  two  fixed  dia^ 
natral  planes,  which  cut  tha  ellipsoid  in  dreles )  and  wa  sss 
diat  tha  normals  to  these  two  latter  or  cyclic  planes  hate 
pfcdsely  the  directions  of  tha  sides  BQ,  CA  of  the  gettmOii^ 
irimi^  ABC,  which  has  for  its  comers  tha  three  Inad  poinu 
employed  In  the  foregoing  construction :  so  that  tha  aoxiltsfj 
ana  diMenirie  spk^  employed  in  the  same  eonstruction» 
touches  one  of  those  two  cymo  planes  at  the  centre  A  of  the 
ellipsoid.    If  we  take,  as  we  are  allowed  to  do,  the  point  B 
external  to  this  sphere,  then  the  distance  BC  of  this  external 
])oint  B  from  the  centre  C  of  the  -phere  is  (by  the  construc- 
tion) the  «:emisun>  of  the  greateit  and  least  semiaxes  of 
ellipsoid,  while  the  radius  CA  of  the  sphere  is  the  semidilTci- 
ence  of  the  same  two  semiaxes :  and  (by  the  same  con^u  ac- 
tion) these  grcaicsL  and  least  semiaxes  of  the  ellipsoid,  or 
their  prolongations,  intersect  the  surface  of  the  same  di acen- 
tric sphere  in  points  which  are  respectively  situated  on  the 
finite  straight  line  BC  itself^  and  on  the  proioogation  of  that 
llne«  The  remaining  side  AB  of  the  same  fixooor  generating 


triangle  ABC  is  a  semi  din  meter  of  the  ellipsoid,  drawn  in  ilie 
direction  ot'ihe  axis  of  one  of  the  two  circnmsci  ibeci  c^  iiiitlers 
of  revolution ;  a  property  whieh  waa  mentioned  in  the  S3nd 
arddei  and  which  may  be  seen  to  hold  good,  not  only  from 
the  recent  analysis  condocted  by  the  Cartesian  method,  but 
also  and  more  simplv  from  the  geometrical  consideration  that 
the  constant  rectangle  under  the  two  straight  lines  BD  and 
A£,  in  the  constructionicxceeds  the  double  area  of  the  triangle 
AB£|  and  therefore  exceeds  the  rectangle  under  the  fixed 
line  AB  and  the  perpendicular  let  fall  thereon  from  the  varia- 
ble point  E  of  the  ellipsoid,  except  at  ttie  liniit  where  the 
angle  ADH  is  right;  which  last  condition  determines  a  cir- 
cuinr  locus  for  1),  and  nn  elliptic  locus  for  E,  namely  that 
cUiiJse  ot  contact  along  wliich  a  cylinder  of  revolution  round 
A B  envelopes  the  ellipsoiil,  antl  which  here  presents  itself  as  a 
section  of  the  cylinder  by  a  plane.  The  radius  of  this  cvlinder 
is  equal  to  the  line  BG,  if  O  be  the  point  of  Intersection^  di- 
attnct  from  A,  of  the  side  AB  of  the  generating  triangle  with 
the  soriace  of  the  diaoentric  sphere;  which  line  BQ  is  also 
easily  shown,  on  similar  geometrical  principles,  as  a  conse* 
qnence  of  the  same  construction,  to  be  equal  to  the  common 
radius  of  the  two  circular  sections,  or  to  the  mean  semiaxis 
of  the  ellipsoid,  which  is  perpendicular  to  the  greatest  and  the 
least.  Hence  nlso  the  ^ide  AB  of  the  generating  triangle  is, 
in  length,  a  fourtli  jiroporlinnnl  to  the  three  ^eiiiinxes,  that 
is  to  the  mean,  the  least,  and  the  greatest,  or  to  the  mean,  the 
greatest,  and  tlie  least,  of  the  three  principal  and  rectangular 
semidiumeters  of  the  ellipsoid. 

[To  be  continued.} 


XXXVII.  Notices  respecting  Ntm  Uuuks. 
N9Uo$  ff  «  Mmacir  on  Meteors  of  various  sorts,  Bff  T.  I.  M<  f  oatria, 

EXPEiUKNCED  in  observing  and  in  treating  of  these  phsmo* 
roena,  Dr.  Forpter  refcrc  h'-*  renders  to  his  formrr  communira- 
tions  of  them,  and  to  tlie  nuuierou.s  articles  in  the  RovhI  Society's 
Transactions,  as  well  as  in  the  (ientlera&n's  and  Pbiloso|>iucal  Ma* 
gasioes. 

He  eareAiUy  exaadnes  the  theofynf  phospheresesnt  jets  of  gas 
itsfaif  unpeiceived  while  traversing  tha  low  and  rfssy  strata  of  the 

atmosphere,  hut  bccornintr  i;^iilted  as  soon  as  they  reach  a  sufficiently 
dry  stratum.  The  ii;nitiuii  is  then  supposed  to  rtin  down  the  column 
of  gas,  and  reveal  the  several  bends  it  had  been  subjected  to  by 
various  currents  of  wind,  'i'he  uccasionul  cxploiiiouti  may  be  ex- 
phdncd  by  supposing  tha  nmning  firs  to  leaehaspetotitaheendiag 
la  hydrogso,  iastsaoes  aol  uBfiPsqasnt  aftsr  heaivy  nine. 
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It  was  not  tm  the  10th  of  Augmt  1811  that  Oie  idea  o£  didr 
periodicity  occurred  to  Dr.  Forster.  when  he  and  his  father  counted 

some  hundreds,  and  by  their  journal  perceived  their  recorrence  on 
that  same  day.  Indeed,  in  copyint^  n  curi'Mi?  old  manuscript  calen- 
dar, lie  found  tla-  KJth  and  18th  of  Aiii:u-t  c.ilied  stcilihuncUe  and 
meterodea ;  but  he  acknowledges  their  tre^uency  at  all  times  and 
in  all  places. 

Inclined  to  assign  them  a  gaseous  origin,  onr  author  has  yet,  in 
deference  to  the  learned  men  vfho  differed  from  him,  endeavoured  to 
relate  fairly  the  various  ar^uiiHTit-^  irt  fuvonrof  their  several  theories. 

Aristotle  regarded  meteors  as  arisiug  from  exhalations  denoting 
an  approaching  change  of  weather.  Theophrastus  thought  they  pro- 
gnosticated wind  from  the  quarter  towards  which  they  rushed.  And 
Arutu9  agreed  with  him,  especially  if  they  left  long  lingering  tails, 
in  which  he  was  imitated  by  VirgU,  Lucan  in  his  Pharsolia  rather 
confounds  meteors  with  th e  fixed  stars.  Homer  compares  the  descent 
of  Minerva  to  the  rush  of  a  meteor. 

Passing  over  tlic  middle  ages,  when  meteors  were  feared  as  indica- 
tions of  Divine  auger,  we  find  LuaLm  the  seventeenth  century  electri- 
city began  to  be  suspected,  and  was  supported  by  the  highest  names 
of  that  Kiu.  Then  the  magnificent  meteor  of  the  18th  of  August  1 783 
brought  out  tlic  elaborate  paper  by  Dr.  Blagden  in  the  Philosophical 
Transaction-  f(  r  the  following  year.  As  to  their  velorirv,  it  varies 
80  much  that  this  clement  rannot  suffice  to  decide  from  what  height 
they  fall.  The  meteor  above  alluded  to  moved  at  only  six  miles  per 
second  when  at  about  ninety  miles  above  our  heads.  Cavallo  esti^ 
mated  its  diameter  at  3200  feet,  and  its  eleyation  at  560  miles.  Cer- 
tainly the  explosion  not  being  heard  for  ten  minutes  after  it  was 
seen  is  a  sufficient  proof  of  its  distance.  The  general  electric  state 
of  the  atmosphere  that  year  over  half  the  dobe  is  well  known,  by 
the  remarks  made  in  consequence  of  the  violent  earthquakes  that 
occurred. 

In  support  of  the  theory  that  meteors  are  occasioned  by  the  igni- 
tion of  columns  of  inflammable  gas.  Dr.  Forster  mentions  the  igmt 
fatuus,  and  tiie  flitting  lights  that  are  seen  in  May  on  cabb^;e8. 

Many  naturalists  rcgan!  meteors  as  one  of  the  various  phsenomena 
attributable  to  electricity,  and  &ome  expected  to  find  that  they  chiefly 
pointed  to  the  magnetic  pole. 

Many  roofs  of  thatch  have  been  ignited  by  the  fall  of  meteors 
upon  them,  and  this  moat  be  the  explanation  of  towns  recorded  to 
have  been  burnt  by  fire  from  heaven.  Hie  explosion  of  the  meteor 
of  the  25th  of  September  184G,  was  heard  a  few  seconds  after  it  was 
seen  :  but  if,  instead  of  the  ambiguous  terra  a  /err,  spectators  would 
count  slowly,  they  would  afford  a  much  nearer  a})|nu.irh  to  the  true 
time  elapsed,  especially  if  they  would  uiLcr wards  count  ut  tlie  same 
rate  when  they  can  compare  with  a  seconds  watch,  or  with  a  eloclu 
(A.S.)  The  tail  of  that  meteor  was  larger  than  usual,  and  lasted  longer, 
some  persons  stating  fifty  seconds,  others  some  minutes.  More 
precise  details  are  requisite.  It  was  at  first  whitish,  then  purplish, 
and  lastly  red.  when  it  became  curved,  and  faded  in  a  serpentine 
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IbnD.  ^luB  last  phtinoiiiaion  was  obaetred  in  aiioUier  instance 
about  twenty  y^s  ^ince.  Bven  the  luminous  arc  of  tlie  2$th  of 
SeptL-inber  1828  might»  our  author  thinks,  be  a  still  more  dilatory 
tail  of  a  meteor  thnt  hm\  shot  ocross  our  hemisphere  juet  before 
sunset,  and  fur  thut  rcEison  was  not  perceived.  In  July  179y 
Dr.  Forster's  fatlier  saw  a  meteor  cross  the  sky  from  »outh  to 
north,  then  return  southward,  and  finally  bend  to  the  north-west. 
Another  peculiarity  b  that  of  rising  in  the  sky  invtead  of  descending, 
which  has  been  reported  as  occurring  sometimes  ncer  the  equator, 
'where  they  are  very  numerous.  And  Dr.  Foiater  liimself  saw  a 
whitish  glnhc  sfaHnnnry  for  two  seconds,  and  then  turn  a  fine  red. 

A  shower  of  small  meteors  is  recorded  to  Imve  occurred  on  the  Soth 
of  April  1095  ;  and  Dr.  Forster  saw  uii  api>iOximation  to  this  on  a 
bright  winter  night  in  1832,  inasmuch  as  tlie  whole  firmament  was 
in  n  glow  Iroas  an  immense  number  of  yerj  fine  luminous  tdls  nearly 
parallel  from  E.N.E.  to  W.S.W.  They  might  deser\'e  the  name 
rather  of  streaks,  no  heads  being  visible,  llie  duration  of  each  might 
not  exceed  a  second,  but  the  phrenomenon  nltoirether  lasted  a  quarter 
of  an  hour  and  tlu  u  cpn=ed  !«uddenlv.  And  m  November  1830  he 
saw  a  similar  muiliplicity  oi  little  sstreaks,  but  crossed  by  others  at 
right  angles.  Another  peculiarity  was  described  by  a  clergyman 
near  Epping.  that  of  seeing  a  meteor,  after  descending;  to  the  earth» 
undergo  a  sort  of  reverberation  by  rising  in  an  obhqne  direGtioa» 
and  then  break  into  sparks. 

Among  the  numerous  authors  who  have  treated  of  this  subject, 
perhaps  M.  Quetelct's  cntnlocttf*  i '  the  mo^t  complete,  with  the  ex- 
ceplion  of  hiss  uuiitting  the  iutcic»Uiig  meleor  of  17S3.  M.  Arago 
and  M.  Biot  have  also  treated  the  subject  ably. 

A  copions  jo«msl  of  meteom  has  been  kept  in  Dr.  Forster's  family 
from  1767,  Imt  no  periodicity  was  suspected  till  the  lOth  of  August 
1811 ;  though  then,  on  locidngbadc  through  the  journal,  it  was  per- 
ceived that  there  had  been  a  great  preponderance  in  the  Novembers 
evereince  1799,  nnd  in  the  Aurn^^ts  from  1779.  When  employed  a 
few  yCiire  iiftei  to  c  uu^ti  ucl  pt.i\  udlal  calendars.  Dr.  Forster  indicated 
a  nuoabcr  of  meteors  as  a  ph«noiiiciion  to  be  expected  on  the  10th  of 
Augost* 

Thia  became  confirmed  in  Jl  831  by  other  obeerms,  and  they  added 

the  second  period  of  the  13th  of  November.    M.  Qnetelet  now  addl 

April  nnd  Ovm  Lmbcr,  while  others  suggest  .Tanuar>%  May,  June  and 
•luJy.  ilc  tliink-  ihcir  n^ual  hciir^it  in  the  atmosphere  is  from  six- 
teen t()  twenty  luHgui.''^  or  more,  tliou^-li  thev  are  occasionallv  ^oen 
blaaliu^  very  near  the  ground,  ihe  moal  numerous  sort,  dislui- 
guiahed  by  tiie  name  of  itnUn  JUamia,  may  revolve  in  trajectories 
by  swanns*  forming  a  belt  round  the  sun.  which  we  have  occasionally 
to  tmrnse*  Then,  owing  to  the  earth's  motioii»  these  lumtnon^ 
corpuscle*?  would  naturally,  ns  they  have  been  observed  to  do,  appear 
to  "  have  their  jioint  of  ilivcrr^cnce  toward?  f'j  Camelop.  in  August, 
and  towards  v  Leouis  in  XovLndjcr,  fiErrecinij;  with  our  annnal  mo- 
tion in  the  Coptic."    According  to  lliti  known  laws  ol  optica,  the 

awma  w^M'  mm  to  jepaml^  in  ladii  as  we  neared  thm,  and. 
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oinaa  to  tlto  oompciiiiid  vtlooitica*  aMm  to  lend  from  N.Bk  16 

S.W. 

AUhou8;li  meteors  differ  very  much  from  each  other  in  siur.c  in- 
stances, it  is  very  ditlicult  to  classify  them ;  but  an  ubuudaucc  of 
lliem  teeoui  oonnected  with  »  change  of  weather,  and  especiaUy  witb 
dnoetratat  and  etrrocumultM  do!i£.  As  to  their  diMtko,  thoogli 
they  aomedmee  converge  towardi  one  point,  they  nib  ^  othert 
townxds  cvciy  point  of  the  compn«s.  He  therefore  vrnvcrs  only  be- 
tween an  elcetricnndci  g-ascous  origin, — quoting  electric  experiments 
referred  to  in  Kngltmd  by  the  Abl)o  Bertholon,  and  gaseous  ones  by 
Constable,  as  having  produced  excelluut  imitations. 

la  the  terrible  m^t  of  the  7th  of  July  1834,  a  crowd  of  nimM 
ooUected  around  Vceavius  about  9  o'dock,  shootixig  their  li^htninge 
down  towards  the  mountain  accompanied  by  rain  and  hnL  llM 
lightning  -was  soTnotimcs  bluish  and  sometimes  reddish. 

As  to  the  periodicity  of  meteors,  Dr.  Forstcr  finds  tliat  there  nre 
decided  changes  in  the  electrometers  also  on  the  10th  of  August  and 
18th  of  Noyember ;  and  the  greateat  number  he  ertr  saw  feU  on  thft 
10th  of  Aiigvst  1811*  juat  after  a  violent  atoim ;  bat  when  a  atom 
has  happened  eotte  time  bofoie»  the  meteota  ato  fswer  at  the  two 
j)criods  observed.  Also  if  one  or  more  large  meteors  occur,  there 
nre  no  gmall  ones  afterwards  for  a  proportionate  time,  as  if  the  atmo. 
sphere  had  been  cleared  of  the  requisite  material.  Also  it  may  be 
remarked  iu  general,  that  the  winter  uud  liie  liigher  luLilude&  are 

least  prolific  of  them. 

FSery  balls  do  tiot  often  occur,  but  are  my  powerful.  Thva  tfaa 
one  seen  in  France  and  in  England  the  17di  of  July  1771  m  :«t 
have  been  at  an  elevation  of  fifty-fotir  mile?,  and  the  repiii  t  ut  its 
explosion  was  not  heard  till  two  minut';^s  nftcr  its  occurrence,  like 
the  rolling  of  thunder ;  but  the  observatory  windows  at  Paris  were 
"  ikrauHet"  It  appeared  larger  and  brighter  than  the  ]) ,  and  its 
vwilbieaB  ivas  estimated  et  twenty-four  mUee  per  aeoond. 

From  the  quickly-incre^i^ing  rarity  of  our  atmosphere,  Arbuthnot 
thinki  that  at  the  height  of  sixty  miles  (the  estimated  height  of  the 
meteor  in  1718)  the  air  is  30.000  times  purer  than  on  the  level  of 
the  sea.  Yet  Fringlc  estimated  theheiLrht  of  the  meteor  of  1738  to 
have  betiQ  uinety  miles.    The  diameter  of  some  globes  has  been 

estimated  at  If  mile. 
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June  17,  "  "D  ESEARCHES  on  tlic  I  unction  of  the  Intercostal 
1847.         Maedes  and  on  the  Respiratory  Movement^  with 
aom^matka  on  MuMiilar  Power,  in  Man."    By  John  Ilutcltinson, 
M.R.C»8.  Communicated  by  Sir  Benjamin  Brodie,  Bart.,  F.R.S.,&c. 

The  object  of  this  paper  is  to  fh  nionstrate  h}f  modele  and  die* 
aeetioai  the  aotioQ  of  the  ioteroostai  muscka. 
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After  premising  an  accoutit  of  thtt  views  of  Be?«rg|  minent  phy- 
siologists, and  in  jiartieiilar  those  promulgated  by  Hnller,  the  author 
shows  that  they  resolve  lliLinselvcH  into  tlie  general  opinion  that  the 
scalene  or  other  muscles  of  the  nt^ck  tix  the  iirst  rib,  in  order  to 
enable  the  two  sets  of  intoroostai  mtiMlet  tOMi  either  Mparatcly  or 
eoojointly,  as  inspiratory  or  expimtory  nMiMl«i»  Ho  tfaeo  proMeds 
to  state  the  proofs  that  tho  ioterooittl  fliufoiis  po^^ess  an  action 
which  is  independent  of  any  other  muscle,  and  also  int!ej)endent  of 
eaei»  otiii  !•-  that  any  of  the  twelve  ribs  may  be  elevated  or  dc- 
pre^d  by  liieui  either  separately  or  conjointly.  He  demoiistrate<i 
the  nature  of  thb  action  by  means  of  models,  producing  oblique 
tenrioaa  between  leven  fepfeeenllBg  the  rib%  tad  allowing  of  rota- 
tion on  their  centres  of  motion  |  and  ho  shows  that  luoh  tension  in 
the  direction  of  the  external  intercostal  muscles,  elevates  both  the 
levers  imtil  the  tensijjn  oeasrs,  or  the  position  of  the  bars  by  proxi* 
uiity  obstruct  each  otlier.  li'  ilie  tension  be  exerted  in  a  contrary 
dirt'ctiou,  as  in  tho  iotcrmd  iutercoi»tal  uiu^clcs,  the  bai^  ai'e  both 
depreoMd.  Thb  movemeitt  wm  denonatntod  by  a  nodaU  It  WM 
further  ihown  that  two  tenaioas  deooMating  oao,  aoaovding  to  tha 
position  of  the  fulcra,  be  made  to  act  as  associates  or  antagonists  to 
each  other.  Such  n»o*ion3  are  to  be  cnnsidrrfH?  -with  reference  to 
the  fidcra,  bars  wiHi  one  tulcrum  common  to  each  liaving  no  such 
action ;  and  the  author  accordingly  draws  the  following^  conclu- 

litt  All  the  extemai  lalerootlal  moiolie  are  troa  laaplmtory  mae> 
elM^  devators  of  tlie  ribs,  and  with  this  act  they  dUala  the  lAtifw 
eoetal  spaceS)  tlius  increasing  the  cavity  of  the  chest. 

9rMl.  The  i*iternal  iutcrcostal  niut<cles  have  a  double  action ;  the 
portiotisi  i.iLuiUe<l  between  tiic  cartilages  are  associates  in  action 
with  tht!  exl^nial  la)er,  and  act  as  elevators  of  the  cartilages,  while 
the  portion  between  the  ribe  era  d«pteMQV%  or  antagonSta  of  the 
external  layer,  and  are  here  true  expiralDly  maeelee;  willt  thie  they 
decrease  the  intercostal  spaces. 

f^rd.  Thc.«c  mu?cles  can  elevate  or  depress  the  ribs  independently 
of  any  other  nui^ele,  fixing  the  lirst  or  last  rib.  Any  one  lan\ella, 
or  stiiies  ot  muscles^  caU)  as  required,  independently  perform  in- 
flpiimtioii  or  expiiatioa  at  any  ooe  of  the  twenty-two  ialeraoiliA 

a|MI0t8. 

4th.  In  inepimtloB*  the  iotemostal  spaoea  iBafeaie»  with  a  ihoil* 
ening  of  the  muscle;  and  in  expiration,  they  derreaM  their  parpen* 
dicular  distance*  with  a  shortening  of  the  ntusclt. 

5th»  All  parallel  intercostal  muscles,  acting  with  undot  ui  liH  r  o. 
OOBCur  in  the  same  effect,  whether  near  the  fulcrum  or  more  distant 
from  it,  and  tbeee  maaeles  gain  power  with  their  iacnaiing  obliquity 
ea  well  as  speed. 

In  the  tiiirtl  part  of  the  paper  an  account  is  given  of  the  differ* 

ence  bi  tween  the  external  thoracic  space  nnd  tho  intern  d  ptdinonie 
?ipace.  Tlie  re^jiiratory  movejueiils  nit5  de.<erib«Hl  in  heidlh  and 
dibea»e»  and  it  is  shown  tiiat  the  chest  is  rarely  enlarged  at  two 

phme  at  en*  and  tba  MM  tlMk 
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In  conclusion  the  author  oonceiTflt.  that  he  has  established  the 

following  propositions : — 

1st  Costal  breathing  amy  be  distmguisfied  from  abdominal  by 
determiniog  which  part  is  first  put  in  motion,  and  the  kind  of  rs> 
•]»iratioii  may  be  designated  aceofding  to  the  name  of  sueh  part 

2nd.  Healthy  costal  bieathing  begins  with  the  motion  of  a  supe- 
rior rib,  which  is  followed  by  that  of  the  lower  ones  in  succession. 

3rd.  Ordinary  respiration  in  men  is  abdominal,  in  women,  costal ;  _ 
extraordinary  breathing  is  the  same  in  both  sexes. 

4ih.  iV.ny  of  the  ribs,  from  the  twelfth  to  the  Brst,  may  carry  on 
Rspuatiom 

5th.  Diseased  respiration  is  of  various  kinds ;  the  movements  may 

be  symmetric  or  not  symmetric,  costal  or  abdominal;  all  or  none  of 
the  ribs  may  move;  the  abdomen  may  or  may  not  move;  the  chest 
may  dilate  in  all  its  dimensions  at  one  and  tl)c  same  time;  costal  and 
abdominal  breathing  may  alternate  with  one  another ;  cootal  motion 
may  be  undubiting  or  not;  and  all  these  may  be  eombined  in  one, 
which  the  author  terms  "  Aessteft'fi^  breaUdng  f  and  lastly,  the  quan- 
tity of  air  breathed  is  diminished  when  there  exists  pnlmonaiy  dis- 
ease. 

"  On  the  Structure  and  Development  of  the  Liver."  By  C. 
Ilandtield  Jones,  M.B.,  Cantab.  Communicated  by  Sir  Benjamin 
C.  Brodie,  Baru,  F.U.S.,  &c 

The  author  gives  a  detailed  description  of  the  structure  of  the 
liver  in  animals  belonging  to  various  classes  of  the  animal  kingdom. 
He  states  that  in  the  Bryozoon,  a  highly  organized  polype,  it  is  clearly 
of  tiie  follicular  type ;  and  that  in  the  Asteria*,  the  function  of  the 
liver  is  probably  shared  between  the  closed  appendage  of  the  stomach 
and  the  terminal  cseca  of  the  large  ramifying  prolongations  of  the 
digestive  sac  contained  in  the  several  rays.  Among  the  Anmalosa, 
the  earthworm  presents  an  arrangement  of  the  elements  of  the  he* 
patic  organ,  corresponding  in  simplicity  with  the  general  configura- 
tion of  the  body,  a  single  layer  of  large  biliary  cells  Ix  ing  applied  as 
a  kind  of  coating  over  tiie  greater  part  of  the  intesiiiiLil  canal.  In 
another  member  of  the  same  class,  the  Leech,  in  which  ihe  digest- 
ive cavity  is  much  less  simple,  and  presents  a  number  of  sacculi 
on  each  side,  these  elements  have  a  very  different  disposition ;  and 
the  secreting  cells,  although  some  remain  isolated,  for  the  most 
part  coalesce  to  form  tubes,  having  a  sueros«:ion  of  dilatation* 
and  constrictions,  and  finally  uniting  and  opeumg  into  the  inte^ 
tine.  In  In!»ect8,  the  usual  arrangement  is  that  of  long  curved  tila^ 
mentary  tubes,  which  wind  about  the  intestine;  these^  in  the  meat 
fly,  are  sacculated  throughout  the  greater  part  of  their  course,  till 
they  arrive  quite  close  to  the  pylorus,  where  they  open ;  near  their 
origin  they  appear  to  consist  of  «ep;\rate  vesicles,  which  become 
gradually  fused  together,  but  occasionally  they  are  seen  quite  sepa- 
rate, 'i  he  basement  membrane  of  the  tubes  is  strongly  marked, 
•nd  encloses  a  large  quantity  of  granular  matter  of  a  yellowish  tinge, 
with  secreting  cdls;  another  portion  of  the  liver  consists  of  sepa- 
rate cells  lying  in  a  granular  bhistona,  which  cdht,  in  a  later  stjge 
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(p)'  d>.  \  ul'^^aient,  are  seen  to  be  included  in  vei»ieles  or  i»horl  tubeii 
' .'  h.rfiiogeiieoii»  membniDe,  often  cottowiQg  and  eidiibiliiig  a  more 
or  len  maaifettlj  plexiform  arraDgement ;  thb  portion  of  the 
llfsr  18  legarded  by  Mr.  Newport  as  reaUy  adipose  tissue.  Tbe 

author  has  termed  it  tlie  ParnfrJtvinaious  portion  of  the  liver,  on 
account  of  its  genera!  appearance  and  mode  of  development,  though 
he  has  not  been  able  to  determine  whether  the  tubes  always  origi- 
nate from  it.  Among  the  Arachnido,  the  follicular  type  of  arrange- 
ment prevails;  and  the  same  it  the  case  with  the  Cmstaoea,  the  folll- 
cke  in  theie  last  being  distinctly  ▼isible  to  tbe  naked  eye.  In  Mol< 
Inaea  also*  we  find  tbe  follicular  arrangeroent  universally  to  obtain ; 
Tet  in  certain  cases  tbe  limiting  membrane  of  the  follicles  cannot  be 
sliow  w  to  exist,  and  the  author  therefore  thinks  that  its  irnporiafir«> 
is  probably  not  great,  but  that  it  serves  chiefly  to  fulfil  the  me- 
ehanieil  Ainction  which  its  synonym  "  btmmetU"  indicates.  The 
quantttf  of  retained  aeeretion  in  the  liver  of  mollnses  seems  clearly 
to  imply  that  the  bile  In  them  is  not  an  excrementitious  fluid ;  it  ia 
used  slowly  on  acoount  of  the  imperfect  chancter  of  tbe  respira^ 
tion. 

If)  pa-^sing  from  the  Invertebrata  to  the  Verlebrate  divbion  of  the 
auitiial  kingdom,  and  beginning  with  the  class  of  Fishes,  a  great 
change  is  immediately  manifest  in  the  form  and  character  of  the 
biliary  organ ;  it  Is  now  a  gland  of  solid  textUTCb  to  whieb  the  term 
parenchymal  is  justly  applied.  Two  portions  may  be  distinguished 
in  it,  namely,  the  secreting  parenchymn,  consisting  of  delicate  cells, 
or  very  often  of  nuclei,  granular  and  clabornfe'l  matters  in  great 
part,  and  the  excreting  duct'^,  which,  though  completely  obscured 
by  the  surrounding  bulky  parenchyma,  may  yet  be  satisfactorily  de- 
monstratedy  and  traced  often  to  their  terminal  extremities  In  tbe 
following  manner.  If  a  branch  of  the  hepatic  duct  1)e  taken  up  in 
the  forceps,  it  may  be  dbteeted  out  without  much  difficulty  from 
the  surrounding  substance,  which  is  very  soft  and  yields  readily  to 
gentle  manipulation;  when  a  trunk  is  in  this  way  n moved  and 
placed  under  the  microscope,  a  muiuiude  ut  minute  ramificationii 
are  seen  adhering  to  it ;  among  tb^  not  a  fow  may  be  discovered, 
which  do  not  appear  to  have  saflbrad  Injury ;  some  are  occasionally 
seen  termiaatiog  by  distinctly  closed  extremities ;  more  usuaUy  the 
duct  becomes  very  minute  and  gradually  loses  all  definite  structure, 
af^peoring  at  last  Hkr  n  tm/ro  tract  of  granular  niHtfer  ;  hi  t-iiher 
etise  there  is  no  coiamunication  by  continuity  with  the  ^ui  ruuiiding 
parenchyma.  Large  yellow  corpuscles,  peculiar  ceUs,  aud  a  consi- 
deiabie  qaantHy  of  five  oQjr  matter  iisnally  existbig  In  the  liver  of 
various  fishes,  seem  geoeially  to  indicate  a  great  superiority  in  the 
anK)unt  of  secretory  over  that  of  excretory  action^  and  to  betoken 
dearly  the  feeble  intensity  of  the  Mcmting  function. 

In  Keptilc'^,  there  is  the  same  arrangement  in  the  liver,  namely, 
a  secreting  parenchyma  of  cells  and  an  apparatus  uf  excretory  ducts, 
which  have  the  same  essential  characters  as  those  of  fishes;  but 
tbera  ezhrts  very  fteqoently  in  the  parenchyma  remarkable  dark 
corpuscles,  which  appear  to  be  masscs  of  retained  biliary  matter^ 
Fkik  Mag.  S.  S.  Vol.  51.  Na  807.  &r/J#.  1847.  Q 
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the  import  of  whiob,  in  tho  situation  they  occupy,  ig  doolMleM  tli« 
$B,me  as  that  of  the  sijiiilur  masses  existing  in  fishf 

In  Birds,  the  parcucUywa  of  the  liver  is  remarkably  freo  from  oily 
or  retained  biliary  matteni;  it  ofttn  coiisj*t*  almost  wholly  of  free 
nuclfii  and  granular  matter,  wiU>  scarcely  a  tingle  perfect  cell ;  th« 
ezeretory  docta  oflen  frraatly  resemble  those  of  reptiles,  soraetimes 
rather  those  of  mammalia',  the  essential  character  is,  boweveTi  always 
the  same,  namely,  that  they  tci  inioate  without  formiDgany  important 
oonnexio?(  with  the  parenchyma. 

In  Munimulia,  the  parenchyma  of  the  liver  cun»i:»ls  usually  of  per- 
fect culU,  which  arti  arranged  often  in  linear  series  of  onnsidt^rahla 
length,  radhittiig  from  the  axis  of  eaeb  lohule  \  these  unite  at  variovr 
points  with  each  other*  so  as  to  present  a  more  or  le>»s  decidedly 
ple&iform  appearance.    Each  lobule,  as  described  by  Mr.  Kiernan, 
is  separated  from  the  adjacent  ones  by  the  termifinl  \w\l^^  of  the, 
portal  vein,  ami  to  a  gi  c  nter  or  less  extent  by  a  "  iiss-ure,    ihougli  ui 
most  animals  the  lobules  are  continuous  with  each  other  both  above 
and  hdow  the  fissure.  The  daboration  of  the  secreted  pfodiut 
seems  to  1)e  most  <  oinpletcly  effected  in  the  cells  adjoining  tiia 
margins  of  the  lobules,  which  are  often  seen  to  contain  a  l^lger 
quantity  of  biliar)'  matter  than  those  in  the  interior,  nntl  to  be  appa* 
rently  in  the  aet  of  discharging  it  into  the  hssure;  tlie  margin  of 
the  lobule  then  present:*  an  irregular  surface  with  large  globules  of 
the  secretion  clustering  together  ali  over  it.  The  capsule  of  Glisaoa 
surrounding  the  vessels  in  the  portal  canals  gives  a  fibrous  invest- 
ment to  those  surfaces  of  the  lobules  which  are  towar(k  the  canal; 
but  when  it  has  arrived  in  tlie  fissures,  it  forms  a  continuous  mem* 
hrnne  lining  the  surfaces  of  opposite  lobules ;  this  membrane  is  often 
truly  homogeneous,  and  closdy  resembles  the  basf  meut  tissue  i  there 
appears  occasionally  to  be  a  delicate  epithelium  on  its  free  surface ; 
but  this,  as  well  as  the  membrane  itself,  is  often  absent,  when  the 
margin  of  the  lobules  is  in  that  condition  which  has  ju8t  been  de- 
scribed and  which  may  be  termed  arliri'.    The  minute  branches  of 
the  iiepatic  duet  as  tliey  approach  llicir  termination  undergo  a  re- 
markable alteration  in  their  structure ;  tiiey  lose  their  fibrous  coat, 
which  blends  itself  with  the  membranous  expansions  of  the  capsule 
of  Glisson;  their  basement  membrane  beeomet.  gradually  indistinot* 
and  at  la.st  ceases  to  exist,  and  the  epithelial  particles  no  longer 
retain  their  individuality,  but  appear  to  be  reduced  to  mere  nuclei, 
ser  very  eli>*e  together  in  a  faintly  granular  basis  substance.  The 
mode  of  tiicir  termination  is  not  uniformly  the  same;  frequently  they 
present  dUtinctly  cli^d  rounded  extremities,  between  one  «u)d  two 
thousandths  of  au  inch  in  diameter;  at  other  times  they  seem  to 
cease  gradually  in  the  midst  of  fibrous  tissue,  theuuolei  atone  bring 
di-posed  for  5nmc  little  way  in  such  a  manner  as  to  convey  the  idea 
of  a  continuation  ol"  the  duct.    These  ducts  can  seldom  be  iW^- 
ctrutd  in  the  Uiiurcs,  but  have  several  times  been  seen  id  the 
*•  spaces,"  where  several  fissures  unite ;  they  do  not  form  ojiything 
like  a  plexus  between  the  lobules*  From  the  anatomical  rehitkni  of 
the  ducts  to  the  parenchyma,  and  from  the  cirmimatanoe  that  a 
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diBlloet  Tewel  conveying  a  different  kind  of  blood  is  distributed  to 
the  hepatic  duct,  as  soon  as  the  liver  assumes  tlie  parenchymal  fomi» 
it  seema  probable  tliat  tlie  mode  in  which  the  secreterl  bile  is  con- 
veyed out  of  the  organ,  is  by  its  permeating  the  coats  of"  the  minute 
ducts  ill  obedience  to  an  endosniotic  attraction,  which  takes  place 
between  the  bile  in  which  the  ducts  may  be  said  to  bc^bathed,  and 
a  denser  (perhaps  mucous)  flnid  formed  in  their  interior*  The 
large  quantity  of  oily  matter  frequently  existing  in  a  free  state  in 
the  secreting  parenchyma  of  the  liver,  which  must  be  regarded  as  a 
product  of  secretory  action,  seems  to  suggest  the  idea,  that  a  cer- 
tain quantity  of  th*  liiliary  secretion  may  be  directly  absorbed  into 
the  blood,  and  in  this  manner  conveyed  away  from  the  organs,  just 
as  occurs  in  the  thyroid  body,  suprarenal  capsules^  and  other 
glands  unprovided  with  efferent  ducts. 

With  respect  to  the  development  of  the  liver,  the  ahthor  eonsiden 
the  opinion  of  Retchart  to  be  decidedly  the  correct  one.  namely, 
that  it'*  formation  commences  by  a  cellular  growth  fnon  tho  germi- 
nal membrane,  independently  of  any  jirotru^-ion  ot  tiie  intestinal 
CBDiL   On  the  morning  of  the  fifth  day,  the  oesophagus  and  stomach 
are  claariy  dtscentblep  the  liver  lying  between  tne  heart,  which  is  in 
front,  and  the  stomach  which  is  behind ;  it  is  manifestly  a  parenchy- 
mal nm'^'*,  and  its  border  is  quite  distinct  and  separate  from  the  digest- 
ive canal ;  at  tbi-*  ppnod,  the  vitelline  duct  is  w  ide,  it  does  not  open 
into  the  abdominal  cavity,  but  its  canal  is  continued  into  an  anterior 
'and  posterior  division,  which  are  tubes  of  homogeneous  membrancy 
filled,  like  the  duct,  with  opaque  oily  contents;  the  anterior  one 
runs  forwards,  and  forms  behind  the  liver  a  terminal  expanded 
cavity,  from  whicli  tlien  passes  one  off>ct,  which,  gradually  dilating, 
opens  into  the  stomach;  a  second,  which  runs  in  a  dirertion  up- 
wards and  backwards,  and  forms  apparently  a  ciecal  prolongation ; 
and  a  third  and  fourth,  which  are  of  smaller  size,  arise  from  the 
anterior  part  of  the  cavity  and  run  to  the  liver,  though  they  cannot 
be  seen  to  ramify  in  its  substance;  at  a  somewhat  later  period,  these 
offsets  waste  away,  excepting  the  one  which  is  continued  into  the 
stomach,  and  then  the  njass  of  the  In  or  is  completely  free  and  un- 
connected with  any  part  of  the  intestine.    As  the  vitelline  duct 
contracts,  the  anterior  and  posterior  prolongations  of  it  become 
lairly  continuous  and  form  a  loop  of  intestine,  the  posterior  division 
being  evidently  destined  to  form  the  cloaca  and  lower  part  of  the 
canal.    The  final  development  of  the  hepatic  duct  takes  place  about 
tlx-  ninth  day  by  a  growth  proceeding  from  the  liver  itself,  and 
consihtiug  of  exHClly  similar  nialerial  ;  tliis  growth  extends  towards 
the  lower  part  of  tlie  loop  of  duodenum,  which  is  now  distinct,  and 
appears  to  Mend  with  the  coate  of  the  intestine ;  around  it,  at  ito 
lower  part,  the  structure  of  the  pancreas  is  seen  to  be  in  process  of 
formation.    J  he  further  progress  of  development  of  the  hepatic 
dtiet  will,  tlie  author  tliink<5,  require  to  be  er.rrfiillv  pxnni'nefl,  but 
the  details  he  ha&  given  in  this  paper  have  salistied  him  oi  iIk  rrir- 
rectness  of  the  statement  that  the  structure  of  the  liver  is  esseuliaily 
parenchymal* 
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XXXIX.  Intelligence  and  Miscellaneous  Ariicki. 

tVOOBSnONS  fOfi  TBB  OB9BRTATION  OV  TBS  AVmnLAE 
XCLIPSBy  OCT.  9,  1847>  MADB  BT  THB  BRITISH  ABSOaATfOB 
BOB  TBB  ADTABCBMBNT  OB  BCIENCE^  OBVOBD^  JUHB  86^ 
1847. 

r|^HE  foUowing  direetioiia  and  Buggettknit,  vabtlTe  to  the  eoRiiiig 
MumlHr  edipte  of  the  sun .  wliich  will  take  place  Oet.  9>  1847»  tie 

proposed  for  the  assistance  of  k'??-practiscd  observers,  or  those  who 
may  not  have  better  information  at  hand,  but  who  may  nevertheless 
render  great  service  by  noticin^^  and  recording,  as  well  as  circum- 
stances permit,  any  of  the  various  points  herein  alluded  to. 

I.  Ae  ft  general  diieotion  m  to  liie  limits  wililiiawldchliie  ed^ee 
can  be  Men  tttBiilar  in  Bnf^end  and  Iidand,  if  on  any  mapft  finebe 
drawn  through  Greenwich  and  Olouceeter  and  produced,  it  will  give 
tlie  northern  hmit  at  which  the  eclipse  ceases  to  be  annular. 

A  line  parallel  to  the  last,  through  Padstow  in  Cornwall  on  the 
west,  and  Torbay  on  the  east  (wliich  will  extend  acro::^s  the  channel 
to  Havre,  &c.,  and  passes  just  below  Cape  Clear  on  the  west  K  will 
bt  file  Hm  along  iHiidi  tiie  eclipee  ii  hm 

The  aondieni  limit  lies  whoUj  below  England. 

II.  As  a  roni^  guide  to  the  Inie,  the  commencement  of  the  an* 
nulus  will  be  nearly  at  7^  SS*"  a.m.  (civil  reckoning)  for  the  extreme 
south-west  of  Ireland,  at  1^  24*"  for  a  line  through  Land's  End  and 
Milford  Haven,  at  7*^  S.'i'"  through  the  Isle  of  Wight  and  Reading 
at  7**  25""  50"  for  Walmer  (Greenwich  mean  time). 

HI,  For  observations  leqinBtte,  a  tdesoope  of  tot  modeiate 
power  is  best.  As  the  aonoliis  will  not  last  more  than  tnreeoriMV 
minutes,  those  unaccustomed  to  snch  observations  ihoald  be  can* 
tioned  against  attempting  to  observe  all  the  phjenomcna.  or  they 
may  thus  run  the  risk  of  observing  none.  If  possible  several  observers 
should  combine  for  the  ))urpose|  and  each  agree  to  attend  to  a»e,  or 
some  Jew  of  the  phsenomena. 

IV.  To  obviate  some  of  IIm  di£knltiai  arising  fnmk  tiie  rapid 
pasBSge  of  the  phmnomenon,  dm  observer  may  be  refisned  to  Capt. 
SmjTm's  Cycle  (i.  141,  146),  where  some  valnaUe  practical  hints 
are  thrown  out  for  tranquillizing  the  observer's  nerves  in  ?o  transitory 
a  phajnomenon ;  especially  by  previously  making  a  careful  drawing 
of  the  spots  (if  any)  existing  on  the  sun's  disc,  which  may  be  made 
useful  in  marking  and  ascertaining  the  progress  of  the  eclipse. 

y.  With  tiie  Yiew  of  ooirccting  the  moon's  tsbnlar  nertb  pekr 
distance  and  semidiameter,  it  is  peculiarly  deniable  that  observationa 
ahonld  be  made  along  or  near  the  line  (passing  through  Grreenwidi 
and  Gloucester)  on  which  the  eclipse  is  barely  annular.  At  some 
of  these  the  eclipse  \vill  be  com])lctely  annular,  and  here  the  ioUow- 
ing  observations  should  be  made  :  — 

The  time  of  beginning  of  aunularity  and  end  of  annularity  should 
be  observed.  As  the  dnratkn  only  is  raqslradt  a  mmmim  waldi 
showing  seooiids  will  snIBoe  for  this  pvpose. 
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If  possible,  by  means  of  a  giadoated  pearl  scale  or  other  equivalent 

means,  the  breadth  of  the  narrowest  part  of  tlic  anntilug  should  be 
measured  several  times  about  the  middle  of  the  time  of  the  annular 
appearance,  as  well  as  it  can  be  estimated. 

At  other  places  the  eclipse  will  not  be  completely  annular,  and 
here  the  prindpal  object  most  be  to  make  several  measwea  of  the 
dialuiee  between  the  eu^  about  the  time  when  that  dtitanoe  is 
smallest.  This  measure  majr  probaUy  be  made  by  means  of  a  gra- 
duated pearl  scale,  or  by  mean?  of  a  divided  object-glass  applied  in 
front  of  the  objeot-glAss  of  the  telescope,  or  by  Uie  use  of  a  common 
sextant. 

Vi.  As  to  tlie  particular  jioints  of  physical  interest  to  which  at- 
tention should  be  directed,  they  may  be  stated  as  follows : — 

1 .  It  will  be  desiraUe  in  general  to  notice  tktfact  of  the  appearance 
of  what  are  denominated  "  beads  "  and  ''threads*'  by  the  late  Mr. 
Baily  and  other?,  just  before  and  after  the  completion  of  the  anniilus. 

For  details  of  older  observations  the  observer  should  consult 
Ast.  Soc.  Memoirs,  i.  142-146,  x.  10-17.  33-38. 

The  beads  were  obt^erved  by  Mr.  Baily,  ib.  x.  210,  in  1S42, 
when  fbey  weie  not  seen  by  Mr.  Airy,  ib.  218« 

They  were  obsmed  by  Plrof.  Henderson  at  Edinburgh.  Ast. 
Soc.  Notices,  v.  186. 

2.  Whether  in  the  neighbourhood  of  the  eosp  the  limb  either  of 
the  sun  or  moon  appears  distorted  ? 

Whether  the  beads  appear  steady  or  waying,  disappearing  and 
ro^pearing,  6cc.  ? 

See  the  obsermtiooa  of  Mr.  Caldeeott  atlVevandram,  Ast.  8oo. 
Notices,  vi.  81. 

Whetiier  they  present  any  peculiar  diangea  when  viewed  Uuongh 

differently  coloured  glasses,  the  observer  altematini^  the  colours, 
whicli  shoul  1  he  as  diseimilar  as  possible,  such  as  red  and  green? 
See  Silliiiian'?  Journal,  Jan.  1842. 
8.  WhcLiier  t  hvy  are  seen  when  the  eclipse  is  projected  on  a  screen? 
In  this  way  mf.  Cberallier  saw  none  when  others  with  oolonred 
glasses  saw  them.  Ast  Soc.  Notices,  v.  188. 

4.  The  drawing  out  of  the  beads  into  l/lresdlr  when  very  near 
junction ;  and  whether  they  waver  and  change,  and  the  number  of  them? 

See  Ast.  Soc.  Mem.,  x.  15-17,  39  ;  waving  and  changing,  ib.  z. 
12,  13 ;  not  seen  in  1842  by  Mr.  Hailv,  Notices,  ▼.  210. 

5.  Whether  before  and  after  the  formatiou  of  the  threads  the 
moon's  dtA,  diae  is  tUmgaled  towards  the  point  of  contact? 

This  was  observed,  ib.  z.  29 ;  and  wavy  motioii  in  the  limb, 
ib.  X.  12, 14.80. 

G.  The  beads  are  ascribed  by  some  to  ktMT  siiWifewt ;  WhMt 
mountains  exist  at  that  part  of  the  limb  ? 
See  Ast.  Soc.  Mem.,  r.  9,  16,  30-36. 

7.  The  exact  intervals  of  time  elapsed  between  the  first  and  last 
oomplete  contact,  and  that  of  the  first  and  last  formation  of  be&ds  or 
other  irregularities  in  or  about  the  cams*  should  be  detennined. 
The  difference  of  the  tinws  beingall  that »  wantml,  a  good  oidinaiy 
waloh  will  be  anffidcnt 
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The  remaricolde  ikct  of  ft  of  cusps  observed  liy  Mr. 

Aiiy  ID  1842.  and  hit  ezplaaatioo  of  it,  ehotdd  be  sttentifely 

considered.    See  Aat.  Soe.  Notices,  v.  296. 

8.  If  i»u.-?I!)lo,  accurate  measrxtres  should  be  taken  of  the  apparent 
diameter  of  the  dark  di^r  of  the  moon  upon  the  sun,  which  may  be 
ex])cctcd  to  be  greatly  lees  than  the  truth,  owing  to  the  irradiation 
of  the  sun's  light. 

9.  It  ehould  be  noticed  whether  any  external  badiunu  ank  ia 
Ibimed  over  the  part  between  the  ensps,  a  little  before  the  first  joiie* 
tion  and  after  the  final  separation,  and  the  colour  of  the  light. 

It  was  observed,  and  appeared  brown  to  De  Li«lc  (Phil.  Trans., 
1718.  4.')()),  reddish  in  other  cases  (Ast.  boc.  Mem.,  i.  144, 
X.  ii7),  and  purple  in  otliers  (ib.  x.  16). 

ON  THE  PREPARATION  AND  C03i POSITION  OF  THE  SALTS  OF 
ANTIMONY.     BY  M.  E.  PELICOT. 

iiulphatea  of  Anlimony. — When  ux}xhloride  of  antimony  (CI  Sb»^0^) 
is  treated  with  hot  concentrated  sulphuric  acid,  a  salt  is  formed 
which  is  deposited  in  acicolar  crystals,  hydroohlorio  acid  being  at 
the  same  time  evolved.  This  salt,  as  weU  as  another  attlphate  to 
be  described,  can  only  be  obtained  in  a  dry  state  by  long  remaining 
in  vanto,  or  in  perfectly  dry  air  upon  porous  plates  of  pipe  clay. 
'11  use  platrs  were  heated  to  redness  before  the  crj'stalline  majrina 
wat^  placed  upon  them,  and  they  were  left  to  cool  in  air  deprived  of 
moisture.  This  method  of  drying  yields  produets  which  usually 
contain  a  alight  excess  of  sulphuric  acid.  If  however  the  pointa  of 
contact  between  the  salt  to  be  dried  and  the  absorbent  ^urth  be  re- 
newed  from  time  to  time,  and  the  absorption  goes  on  for  several 
months,  campoundj»  of  sufRcient  purity  to  remove  ail  doubts  of  their 
true  composition  may  be  obtained. 

One  hundred  parts  of  the  sulphate  of  antimony,  obtained  by  com* 
mon  sulphuric  acid  and  oxychloride  of  antimony,  gave— 

gulphnrie  aoid   51*9 

Oxide  of  antimony  (by  carbonate  of  ammonia)  ....  60*2 

The  composition  of  this  salt  ia  therefore^ 

480»   2000  51*2 

Sb«0'    1912  48-8 

8912  lOO'O 

Another  spedmen  gave  68*1  of  snlphurlo  add,  and  44*8  of  oiida  of 

antimony. 

Another  sulphate  of  antimony  was  obtained  in  thf*  form  of  small 
brilliant  crystal.*,  by  trcntinr:;  scsquioxidc  of  antimony  with  Nord- 
hau^eu  sulphuric  acid.  Alter  remaining  ten  monthii  un  the  dried 
clay,  it  gav^— 

Seaqnionde  of  antimony  ....  63*0  64*8 
Snlphvrio  acid    87*1  86*0 

The  formula  280*,  6b*  O*  gives  65*6  oxide  of  antimony  and  34*4 

iulphnric  acid. 

Mixtures  of  tbeae  aalts  in  different  proportions  were  also  obtained ; 
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but  no  anftiyj*is  indicated  the  cxisteuce  of  the  compound  380^, 
o6b*0^,  which,  according  to  Berzelius,  would  be  the  oeutral  aul* 
pbate  ctf  antimony. 

On  treating  the  above-described  ealti  with  hot  water,  a  aubaalt  ia 
obtained,  the  oompoeltion  of  which  la  reftfeaented  by  the  Ibmnhi-^ 

CalculatioOi  Expcrimenlii 

2Sb»0«   3824  88-4  88'6 

SO*    600         11-6  ll;4 

4SS4        100*0  100*0 

The  anal3rsid  of  two  other  speeimena  ia  eometly  fepiMented  by 

the  formula  2Sb«  O^,  S0^  2H0. 

Nitrate  of  Antimony. — This  ?alt  was  obtained  in  the  form  of  pearly 
Cffftrtls  by  <1i'i«=nlving  the  oxide  in  cold  fuming  nitric  ncid,  and  adding 
Water  to  the  solution.    Its  coniuosition  is  2Sb'  O',  NO^ 

0*yM>nie$  of  Antlmomfj^roiK6x/t  tit  Algaralh  ivta  ])rcpared  by 
tieating  dilolida  of  antii&ony  with  cold  water.  Alter  aome  days  the 
masa  became  eryfltalline  when  well- washed  its  oom position  agieed 
"uith  the  analyses  which  have  served  to  fix  tiie  formula  of  this  com- 
pound.   Thi^  formula  is  more  .••imply  replaced  by  CI  Sb-  O-'. 

When  tlie  i*esquichloride  of  antimony,  or  rather  the  Hcsquloxide 
dissolved  in  a  great  excess  of  hydrochloric  acid,  is  treated  with  hot 
water,  another  ozychloride  ia  obtained,  which,  on  the  cooling  d  the 
liquor,  predpitatea  In  denae  brilliant  cryatida*  Ita  comporition  ia 
repreaented  by  the  foUowing  formtila  j— 

Cafcolatloti.  Bxpeilmenti* 

CI    443       10-6  IM  "^'n^ 

4Sb   3224       77-8  76-6       76  8 

0»    500       12'1  ^ 

4167  1000 

Thb  compound  cottaequctttly  muat  here  preaentad  by  the  formula^ 
tl  0'--|-Sb-'0». 

i  urirtUss  of  Anthnony. — By  allowing  a  syrupy  solution  ot  tartrate 
of  antimony,  obtained  by  diaaolring  the  oxide  of  the  metal  in  tartaiie 
acid»  to  remain  for  a  long  ttmCi  large  tranaparedt  cvyatala  of  tartrate 
of  antimony  were  obtained,  rhe  motlier^watef,  after  the  aeparation 
of  the  oiyatab,  lofniabed  more  afterwarda  by  tpontaneotoa  efapcn* 
tion. 

This  salt  la  very  soluble  in  water.  Tt  is  dcliqueM^eftt  in  a  moist 
atmosphere.  Its  corapositlon  is  represented  by  the  following  for* 
mula: — 

Calculation.  Bxperiraents. 

C"'  ,   1200  19-6  i8-9  19-0 

H"-^   200  ;V2           ,S'5  3-5 

0'^9    .     . .  2800  46  0 

Sb*0'..  .  1912  31-2  ai'6 

'       til  12  1000 

At  320""  F.  this  aalt  loat  33' 1  peif  cent,  of  wator. 
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On  decompoeing  the  formula  as  follows,  the  loss  of  twelve  cqui- 
valents  of  water  represents  22  per  cent,  of  the  weight  of  the  salt — 

2C^H-0^Sb*  0  ,  12IIO. 

Ou  pouring  aicoiiol  into  a  conccntmted  solutiou  of  the  acidulous 
tartrate  of  antimony,  a  precipitate  is  obtained  which,  when  dried  at 
F.,  yielded  16*4  of  carbon  and  I'S  of  hydrogen.  The  compo- 
sition of  this  salt  is  represented  by  the  formula  C*  H«  0  ,  Sh  0\H0. 
which  requires  17*2  of  carbon  and  1  of  hydrogen.  The  salt  which 
M.  Pelig:ot  analys^od  contained  a  little  more  water  tlian  the  qu;intity 
required  by  this  formula,  but  not  enough  to  allow  of  the  addition  ot 
another  equivalent. 

AeidOmu  Tartrate  of  AatUmjf  mid  Potof  .Una  aalt  waa  de- 
tcribed  by  M.  Knapp,  who  obtained  it  by  mixing  aolntioiia  of  tar* 
taric  acid  and  tartulzed  antimony.  The  aalt  which  Mraa  analyied  by 
M.  Peligot  was  in  very  regular  ciyatala.   It  yielded — 

Carbon    19-5  18-7 

Hydrog:on    2*7  2*7 

Sesquioxide  of  antimony  31*0 

The  formula  C»sH*  Sb«  O. KO,  8110  lepicacnts  its compoai* 
tioQ*    It  gives — 

Carbon   191 

Hydrogen   2*3 

Seaquioxide  of  antimony  . .  30*5 

Ac(K)rdiDg  to  M.  Knapp  it  contains  one  equivalent  less  of  water. 

Oxalaie  of  Anthnoay. — M.  Peligot  prepared  ihia  salt  by  four  pro- 
cesses :—lat.  by  boiling  in  a  solution  ^  oxalic  acid  oxide  of  antimony 
prepared  from  the  chloride  by  carbonate  of  ammonia ;  2nd,  by  treat* 
ing  the  powder  of  Algaroth  with  oxalic  acid ;  3rd,  by  ponring  hydro- 
cldoric  acid  into  a  hot  solution  of  the  double  oxalate  of  potash  and 
auUmony ;  the  oxalate  of  antimony  precipitates  in  tlie  state  of  a 
crystalline  powder;  4th,  by  adding  oxaUe  acid  to  a  aolntun  of  the 
same  double  salt. 

The  oxalatea  of  antimony  obtained  by  these  processea  are  similar 
in  compontion.  Tlie  nuthor  ntfempted,  hut  in  vain,  hy  varying  the 
proportions,  to  obtain  otiier  tonij  Duuds  of  oxh1I(  ac;tl  and  oxide  of 
antimony.  This  salt  is  erystalliue  and  insoluble  m  water.  It  is 
deeompoted  by  boiling  water  into  oxalic  acid»  which  dissolves,  and 
aeaqnioxide  of  antimony. 

Its  compoaitton  is  repreaented  by  the  folkrinng  formula - 


Calculated. 

Espefimeatf. 

c*  

. ,  300-0 

10-2 

t  

10*1 

 ^  ^ 

10*6  10*6 

0«  

. .  noo-0 

20-6 

bb^O^  .. 

. .  i:ii2-9 

65-4 

66-7 

Go  6 

HO 

112*5 

2925-4 

8*8 

1000 

3*8 

4*5  4*0 

Double  Oxalate  of  Potasu  and  Antimony. — The  ])rcpnration  and 
analyt«is  of  thii»  i«alt  are  very  difiicult.    The  salt  obtuiued  by  M.  Pe- 
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Itgot  was  crystallized  in  tmnBpaient  priftms ;  it  is  readily  Boluble* 
and  IB  decomposed  by  a  large  quantity  of  water* 

The  quantity  of  water  in  this  salt  upiK-arcd  to  vary  from  unknown 
causes,  but  apparently  dependent  on  the  temperature  at  which  the 
salt  crystallizes.  The  formula  appeared  to  be  7C  -  O',  Sb«  0^  3K0, 
6H0.    This  gives  as  the  composition  of  100  parts  of  the  salt- 


Carbon   13-9 

Water    9-0 

Oxide  of  antimony  . .  •  •   25  -7 

Potash    29*5 

M.  Peligot  obtained — 

Carbon   13-7        14-3  14*4  140 

Water   9*7         9-2        101  8*9 


Oxide  of  antimony  ....  257       262  248 

Ann.  de  Ch,  et  de  Fhjfs.,  JuiUet  1847. 


ACTION  OF  HYDROCHLORIC  ACID  IN  THE  FORMATION  OF 

OXALIC  ACID. 

M.  Kopp  stuteii  that  the  presence  of  hydrochloric  acid  in  nitric  acid 
is  peculiarly  ftivomable  to  uie  formation  of  oxalic  add.  The  resins  of 
bcaizoin  andTolu,  treated  with  pure  nitric  acid,  yield  no  oxalic  acid ; 
but  with  an  impure  acid  it  is  obtained.   Pure  nitric  acid  occasions 

the  formutinn  of  tercbic  acid  only,  in  acting'  upon  oil  of  turppntirip, 
and  to  oxypicric  aci<l,  in  oxidizing  the  gum-resins.  By  using  nitric 
acid  containing  mucix  hydrochloric  acid,  oxalic  acid  only  is  obtained 
under  the  same  ciicumstanoes.— JuiUet  1847. 


PBOJBCTIOM  OF  ALDBBAfiAM  OM  THB  MOON. 

At  the  British  Association  in  Oxford  a  question  arose  respecting 

the  apparent  projection  of  Aldebaran  on  the  disc  of  the  moon  in 
occulutions.  Prof.  Airy  and  Dr.  Forster  stated  having  seen  tliis 
pbfipnomenon,  whicli  Prof.  Struve  seemed  disposed  to  attribute  to 
to  some  nial-adju.stnicnt  ot  the  telescopes.  On  looking  back,  how- 
ever, to  the  Philosopliical  Magazine,  it  will  be  found  that  this  ap- 
pearance has  been  three  or  four  times  recorded ;  as  well  as  some 
other  circumstances  calculated  to  show  that  the  light  of  different 
stars  is  very  diflvirently  refracted.  See  Phil.  Mag.  for  April  and 
May  18£4.   

THE  PUFF  PARLI  AM E N  i  A  K  Y  :  -  n  I  S I  \  T  ECU  O  N . 

The  art  of  puffing  has  not  yet  exl»uusted  ua  resources ;  and  a 
Parliamentary  Report  well  got  up,  printed  at  the  expense  of  the 
public,  and  horn  which  extracts  may  go  the  round  of  the  news* 
papers,  seems  to  be  the  last  and  boldest  device  for  the  purpose, 
w!>ich  however  has  been  fearfully  exposed  in  the  Dublin  Quarterly 
Journal  of  Medical  Science. 

The  Times  newspaper  in  a  leading  article  of  the  20th  of  Aui^usr, 
felicitates  iUelf  on  having  "  the  pleasant  task  of  giving  what  publi- 
city it  may  to  a  discovery  made  by  a  French  gentleman»M.  Ledoyen, 
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«  PArislon  cliemiit,  ia  concert,  it  would  appear,  with  t  Mr.  F.  C. 

Calvert,  who  seems  to  have  receivcil  hii  education  as  a  chemist  at 
Paris,  and  who  is  now  lecturer  nt  the  Royal  Institution  of  Man* 
cltp^tf^r.  This  discovery,  which,  under  the  auspices  of  Tj'>rd  Mor- 
jicth,  hns  been  submitted  to  the  most  searching  tests  by  Dr.  South- 
wood  Hmith,  Mr.  Toynbcc  and  Mr.  Grainger,  promises  fair  lo  be 
one  oj  the  greatest  boons  eccr  conferred  on  suffering  humanity.  The 
discovery  is  nothing  less  than  the  means  of  disinfecting  all  fcetid 
animal  substances  and  gases  by  a  liquid  which  is  ?cry  cheap,  simple, 
and  can  be  applied  by  any  person  with  the  greatest  facility. 

Tlu'  tliree  medical  'Tcntlcmen  appointed  by  Lord  Morpeth  to 
inquire  mto  ihe  real  value  of  M.  Ledoycn's  discovery,  present  us  in 
their  report  wiiii  a  dismal  cntalogue  of  the  offensive  and  dangerous 
vapours  from  animal  and  vegetable  substances  which  at  all  hours 
innsct  the  air  we  breathe,  in  a  greater  or  less  degree,  accordingly 
as  we  more  or  less  neglect  their  impure  origins."  "Tiie  Commissioners 
state  that  they  have  tried  the  effect  of  this  fluid, — 1,  on  substances 
already  in  a  state  of  deeomjiosition  ;  2,  on  substances  undergoing 
that  process;  .'i,  on  ni^fht  soil;  4,  oil  impure  ;tir.  In  vwry  instance 
excepting  the  second  these  experiments  have  been  aitended  nrith  the 
MoH  tnfnmiimi  ntuU,"  **  It  would  almost  seem  that  some  mptterme 
pomer  had  sent  us  M«  Ledoyen  and  his  discovery  to  comi^enutefor 
Ibe  shortcomings  of  the  Premier  and  Lord  Morpeth*." 

So  far  The  Times. — We  now  give  a  few  extracts  from  the  Dublin 
Journal,  and  refer  our  readers  to  the  article  which  it  cimtnins  for 
tl»e  details  of  the  mean*'  by  wliicli  these  puffs  have  been  procured, 
and  for  a  full  account  oi  the  uiaiter. 

This  boasted  discovery  professes  to  furnish  the  means  of  disin- 
fecting all  ftttid  animtl  substaneM  and  gases  by  a  liquid  which  is 
very  cheap,  simple,  and  can  be  applied  by  ^ny  pefson  with  the 
greatest  facility.  It  disinfects  nigbt-soi),  not  destroying  hut  in- 
creabing  vegetation,  more  jjariieularly  as  regards  agriculture,  com- 
pletely preventing  the  disease  iu  potatoes  wiicu  the  land  is  manured 
with  disinfecit;:ii  liight-suii.  It  diMiui'ects  hospitaNwards  of  roiasnia; 
also  Ctfllarsi  water-elosets,  and  buildings  intiected  by  impure  gases* 
It  disinfects  sailors  suffering  from  fever  on  board  of  vessels ;  it  will 
also  disinfect  ships  at  sea^  and  under  quarantine.  It  disinfects 
patients  suffering  with  infectious  disorders  and  wounds,  also  dead 
bodies,  so  that  they  may  l)e  kept  nearly  a  month  ;  also  ditherent 
parts  of  the  body  can  be  kept  tor  the  purposes  of  dissection,  for 
coroners'  inquests,  \c." 

*  No  wonder  that  couipetilorj.  should  have  started  up  asierting  their 
claims  to  so  wonderful  a  discovery.  Mr.  W.  Maddick  thus  begins  his  letter 
to  the  editor  of  the  Tines  t  of  whose  judgement  in  matters  of  srienoe  N 
seems  to  have  a  moit  exalted  opinion: 

•*  Sis,— All  lh«  world  knows  that  a  laudatory  notice  in  your  columns  is  a 
very  high  honour;  and  as  iu  your  excellent  leader  of  ycstmlay  you  have 
highly  eulogiaed  Messrs.  Ledoyen  and  Calvert  for  their  alleged  discovery, 
1  appeal  with  confidence  to  the  proverbial  justice  of  The  Times,  &e.  &c. 

"  I  tioldly  claim  origuiality  in  this  matter,  and  challenge  these  geatlemea, 
^^ny  other/'  &c.,  &c. 
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**ThM  ii  not  a  word  of  avidme  in  ih»  docaoieiit  before  us  u 
to  tha  infloeikctt  of  tbii  loltttiM  of  nitrato  of  laid  in  cnring,  or  *dii« 
infMtiQg/ M  th«y  callit»by  its  vicinity,  fever  or  other  iDfectious 
diseases.  Of  course  no  profeasional  man  (except  Dr.  Soutliwood 
Smith)  could  bring  himself  to  support  sucli  on  absurdity  as  tint 
would  amount  to.  With  respect  to  the  potatoe  disease,  Dr.  Smith 
has  been  even  iess  guarded.  He  manured  portions  of  bin  garden 
wltb  bis  ditinfocted  night-adl,  and  finds  tniit  ftoutoet  grown  on 
tiiM  spots  are  finer  (ban  slseirbero.  Ho  sayi,  *  I  knvo  tbis  dny 
had  apecimens  of  tbam  ezamtnsd  by  Mr.  Alfred  Smee,  who  pm- 
nounces  thsm  lo  be  at  present  perfectly  heahhy.'  What!  not  a 
•ingle  Aphis  vastalor  /  Oh,  genius  of  humbug !  how  tnmierous  are 
thy  votaries!  Truly,  successlul  speculation  consiuutes  tiic  idol.itry 
of  this  age,  and  the  wonder-workings  of  pseudo-science  its  super- 
stition." 

Ltt  us  now  briefiy  pass  in  review  some  of  tbe  tvidenee  detailed  in 
tbis  precious  docnment  -  some  of  the  '  Letters  and  Reports  received 
by  toe  CSbief  Conmiissioner  of  Woods  and  Foresta/*«-Mt  forward 

in  a  parHamentary  folio,  gravely  ordered  to  be  printed  by  the 
British  senate,  and  eonsecpiently  paid  for  by  thj  country.  Always 
premising  that  vvc  do  not  deny  to  this,  in  common  with  many  (  ;hcr 
chemical  Hubstanceti tlie  power  of  destroying  some  unpleasant 
odours,  or,  to  deal  more  in  the  phraseology  of  the  Report,  siinka, 
Bttt  against  tbe  disgraceful  quackery  with  whieh  tbisboolcabottnds» 
— a  quatkery  not  equalled  by  the  most  offimsive  and  indecent  ad- 
vertisement,— and  the  humbug  of  presenting  such  a  book  to  tbe 
country,  we  loudly  and  strongly  protest." 

**  We  have  already  alluded  to  tlie  circumstance  that  this  imposture 
has  been  attempted  to  be  bolstered  up  by  the  testimony  of  night- 
men,  dissecting-room  porters,  ward-men,  and  other  respectable 
nuthorides  of  a  similar  kind.  Some  of  the  experiments  made  by 
these  intellectual  and  educated  individuals  may  amuse  our  readers, 
as  they  have  doubtless  enlivened  the  House  of  Connnonst  Speaking 
of  tlie  contents  of  a  privy — 

'*  '  William  Fcnwick  did,  :\h  you  gentlemen  saw,  taste  it,  and 
William  Dyer  put  some  over  his  eyes  wiflioiit  injurJni''  flu  m  :  if  it 
bad  not  gone  through  your  process,  it  would  have  hiiadcd  inm!!^ 

*'  We  cannot  however  pursue  a  strain  of  Isvity  when  we  come  to 
exasBme  the  part  which  a  physician  of  repute  has  taken  in  this  trans- 
action. Dr.  Sottthwood  Smith,  not  content  witli  hefiring  his  share 
in  the  fooleries  of  the  Report  already  spoken  of,  volunteers  his  an- 
dividuiil  testimony  as  to  the  efTieacy  of  the  fluid  in  obviating  con- 
tagion among  tls.'  medical  and  non-medical  attendants  on  the  sick. 

"  *  Whatever  dillicultics,'  he  writes,  ')  our  Lordship  mny  have  en- 
countered in  obtaining  the  necessary  powers  to  maku  cvcii  any  com- 

*  Sulphate  of  copper,  nitrate  of  copper,  chloride  of  copper,  ftuper-nitrate 
of  bbmuth,  nitrate  of  leed,  nitrate  of  silver,  chloride  of  gold,  protocblorirle 
of  tin,  perchloric  of  tin,  nitrate  of  mercury.  This  fluid  ntis  been  examined 

Dr.  AldrM^e,  nnfl  foMnd  tn  fif  n  «ohitian  of  nitrate  of  lead.  Sir  W. 
Burnett  has  introduced  the  cbioriUe  of  zinc  for  similar  purposes  in  the 
navy. 
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luenoement  of  a  system  of  preTention  by  ihe  removal  of  the  cauaes 

of  fever,  you  have  in  your  own  hands,  and  have  had  for  some  months, 
the  sure  i\in\  CL-rtain  means  of  preventiog  the  extensioD  of  fever  to 
the  immediate  attendants  on  the  bick.' 

*'  In  the  columns  of  newspapers,  in  the  pages  of  journals,  on  the 
covers  of  magazines,  in  the  eorners  of  railway  guides,  placarded  on 
dead  walls  and  bankrupts'  shop-windows,  dropped  into  the  hat  at 
public  meetings,  thrust  into  the  hand  in  streets,  and  forced  upon  the 
nttention  at  every  turn,  we  thought  all  the  modes  of  puffing  quack 
advertisements  and  indecent  labels,  either  in  prose  or  rhyme,  had 
been  exiiausied :  but  vvc  lind  that  we  were  mistaken.  A  novelty  in 
this  department  has  been  introduced  by  Colonel  Calvert ;  and  in  the 
pages  of  a  parliamentary  report*  vre  see  pufls  as  gross,  and  laogoage 
as  indelicate,  as  any  that  disfigure  the  loweat  newspapers." 

We  can  only  add  an  expression  of  our  regret  that  an  important 
puVdic  cause,  that  oFsanitary  improvrmenf.  slioidd  have  to  encounter 
prejudices  raised  a;^ainst  it  from  tlif  exaggerations,  misrepresenta- 
tions, quackery,  and  jobbing  wiuch  are  too  manilesL  m  the  couduci 
of  some  of  its  advocates. 


A  GRANT  OV  200^.  TO  MR.  WILLI  AM  STURGEON. 

We  are  glad  to  learn,  from  a  communication  dated  Downing 

Street,  12th  August,  from  Colonel  Grey,  the  private  secretary  of 
Lord  John  Russell,  that  his  Lordship  has  been  pleased  to  grant  the 
sum  of  200/.,  from  the  Txoyril  Bounty  Fund,  to  Mr.  William  Stur- 
geon of  this  town.  Mr.  Sturgeon  was  formerly  'ecturcr  on  experi- 
mental philosophy  at  the  Hon.  East  India  Conijpany's  Military  Aca- 
demy,  Addiscombe ;  and  since  his  residence  m  Manchester,  now 
extending  over  a  number  of  years,  be  has  been  superintendent  of 
the  Victoria  Gallery,  delivering  various  courses  of  lectures  there; 
and  subsequently  he  filled  the  office  of  lecturer  to  the  Manchester 
Institute  of  Natural  and  Experimental  .Science.  For  a  long  series 
of  years  Mr.  Sturgeon  has  honourably  distinguished  himself  by  his 
investigations  and  discoveries  in  the  various  branches  of  electrical 
science,  especially  in  electro- magnetism  and  thermo-electricity. 


OBSERVATIONS  ON  CREATINE.     BY  M.  HRINTZ. 

About  two  years  ago  I  described  a  peculiar  substance  which  I  had 
di.»<eovered  in  the  normal  urine  of  man.  From  subsequent  investi- 
gations I  find  that  this  substance  is  identical  with  that  which  M. 
Chevreul  found  in  meat  broth,  to  which  he  gave  the  name  of  erea* 
tine,  and  the  presence  of  which  in  the  fresh  muscular  flesh  of  dif- 
ferent animals  has  recently  been  shown  by  Liebiijf. 

Tiie  most  advantageous  method  of  procuring  the  sul>':tnneo  is  that 
subsequently  pointed  out  by  M.  Pettenkofer;  it  consists  in  adding 

*  That  Parliamentary  Reports  are  sometime?  made  vehicles  of  privil^ed 
detractioa  and  calumny  the  public  are  already  aware.  A  late  instance  with 
regard  to  the  Greenwich  Observatoiy  has  been  eapoied  1^  die  Astronomer 
Royal* 
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to  Ae  sleolK^e  eztnct  of  the  urine  an  alcoholic  solution  of  chloride 
of  siDO;  In  a  short  time  a  deposit  is  formed,  which  eontaioe  tho 
ereatine  in  combioatioii  with  the  chloride  of  Einc,  together  with  a 

smnll  quantity  of  pho-sphate  of  zinc.  These  two  substances  are  sepa- 
rated by  boiling  water,  which  dissolves  the  first,  but  is  without  action 
upon  the  latter.  Tlie  pure  creatine  is  obtained  from  the  aqueous 
sulutiuii  oi  Its  combination  with  chloride  of  iiqq  by  precipitating  the 
line  with  h^droaulphate  of  ammonia;  after  ha^ng  evaporated  the 
filtered  liquid  as  far  ae  pomible  without  a  predpttate  being  formed 
in  the  boiling  solution,  absolute  alcohol  la  added  to  it)  when  the 
creatine  1^  immediately  deposited  in  the  form  of  small  crystals, 
resenibliiiii:  tliosc  obtained  in  operating  upon  the  alcohoLio  solutioii 
of  the  a«jucou.s  extract  of  meat. 

After  having  watihed  these  crystals  with  alcohol,  I  recrystallized 
them  iVom  water.  The  elementary  analysis  of  the  pure  crystals  led 
to  the  foUowing  formula,  C»  H»  N»  O*  +  2H0,  which  U  the  same  as 
that  advanced  by  M.  Liebig. 

When  creatine  enters  info  combination  with  chloride  of  zinc,  it 
parts  witli  2  atoms  of  water  besides  the  water  of  crystHlH/ntinn,  and 
in  exchange  takes  up  1  atom  of  tiiissalt.  This  combination  is  repre- 
sented by  the  following  formula,  H'  -|-  ClZn,  and  the  atomic 
weight  of  creatine  is  consequenfly  1412*5. 

From  the  experiments  of  M.  Liebig  it  result^,  that  of  all  the 
oi^ns  of  the  animal  body  it  is  only  the  muscles  which  yield  crea- 
tine. Now,  as  I  have  proved  its  presence  in  the  urine  of  man  and 
animals,  it  appears  placed  beyond  all  doubt  that  this  substance  is 
formed  in  the  muscles,  that  it  is  absorbed  bv  the  lymphatics  or 
blood*Tessels»  and  is  finally  secreted  1^  the  kldnejSi  lll^e  urea,  &c.  * 
We  may  therefore  conclude  that  creatine  should  henceforth  be 
placed  amongst  the  excrementitious  substances ;  and  consequently  it 
is  barr  ly  j)robable  that  it  constitutes  one  of  the  most  important  ali- 
nirnnuy  principles  df  moat  broth,  as  M.  Licbif^  is  inclined  to  think. 
Is  it  not  rather  one  ot'  the  ultim^ite  products  of  the  chemical  action**, 
the  pi-eseuce  of  which  we  have  great  reason  to  suspect  in  the  act  of 
muscular  contraction? — (Umyiiiet  JRtndm,  March  is>  1847. 


THE  NEW  PLANET  IRIS. 

The  following  letter  to  The  Times  appeared  on  Wechiesday, 
Aug.  1 8th. 

Sm, — In  addition  to  the  Berlin  maps,  which  we  have  revised, and 

in  some  instances  corrected,  ecliptical  charts  of  stars  down  to  the 
tenth  msgnitude  have  been  formed  for  some  of  the  hours  of  right 
nscension,  whicli  it  i^  Mr.  Bishop's  intention  to  publish  as  soon  as 
tliey  are  conij)leteil.  On  the  13th  of  August  1  compared  Wolfer's 
map  with  the  heavens,  and  was  surprised  to  iind  an  unmarked  star 
of  8*9  magnitude  in  u  position  which  was  exan.ined  on  June  22  aud 
July  31  without  any  note  being  made.  The  mere  existence  of  a 
star  in  a  position  where  before  there  was  none  visible,  would  not 
have  been  sufiBcient  to  satisfy  me  as  to  its  nature;  because  during 
an  e^ht  months*  search  1  luive  met  with  very  many  variable  stars,-^ 
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dan  wUeb  I  btllm  to  be  ftr  mm  amnerom  tlwn  bgrnmllvMp* 
poied.   But,  on  employug  tht  min  micronieier  w%  wtte  enabUd  m 

less  than  half  an  liour  to  ettabliah  its  motion,  anil  thoa  to  c<mvinoe 
ourselves  thnt  I  hid  been  fortunate  enough  to  discover  a  new  mem- 
bur  of  llie  planetary  i»yt»tein.  It  inny  aj)jH'ar  to  many  of  your  readets 
ratlier  bold  to  announce  Uie  existence  of  a  new  planet  from  the  de- 
tMtioci  of  to  mall  an  amiMiiil  oftiiotloa  aa  £  a.  in.  R.A. ;  bat  audi 
ia  tha  Arm  moaQllaf  of  ibo  larga  rafraettng  taleaoopa,  and  tbo  per> 
Ibclion  of  the  mi(r()niettva(for  which  wchave  to  thaDlt  Mr.  OollondX 
that  a  far  smaller  change  would  have  been  sufficient  to  convince  ua 
as  to  the  nature  of  tlie  object  in  rjin  stion.  Mr.  Bishop  has  fixed 
upon  Iris  as  nn  apj)ropri«te  name  ior  the  new  planet ;  and  we  hope 
thai  a^ti'onouiers  generally  will  join  with  us  in  its  adoption.  The 
MIoipIng  aia  all  »e  obiervationa  wa  have  yet  made 

O.   M.  T.  U.A.oflrb. 

Aug.  13,  9  89  48  19  57  30-38  13  27  21-5 

—  13.  10       24  10  ")7  28-41  13  21  2/  6 

—  14,  9  23  S8  19  60  38-30  13  ^  14*0 

—  16,  9   0  39  19  55  47*64  13  .31  4-3 

T  remain,  Sir,  your  most  obedient  Servant, 
Mr.  Bbhop*K  Observatory,  ii^ents  Park,  J.  R.  Hind. 

Aug.  17* 

We  have  been  fevonnd  with  tbe  following  additional  informatioik 

by  Mr,  Hind 

Tlie  plunct  was  observed  by  Mr.  Iliimker  at  Hamburg,  on  Aug. 
20,  and  by  Frof.  Gauss  at  Giittingen  and  Prof.  Encke  at  Hcrlin,  on 
Aug.  21,  M.  Lcverrier  announced  the  discovery  to  the  Fans  Aca- 
demy of  Scit'uce»  on  Aug.  1G«  giving  at  the  same  time  a  general 
view  of  tbe  various  hypouiewa  whiob  bave  been  atarted  rwmccting 
tbe  group  of  small  phmets.  The  orbit  of  Iris  appears  to  be  very 
excentrical,  and  the  period  longer  thnn  that  of  any  other  asteroid; 
but  furtlicr  observations  are  requJied  for  tbe  accurate  determinatioik 
of  the  elements. 

Prof.  Schumacher's  Planeten-Circular"  was  despatched  from 
Altona  on  August  20,  so  that  we  muy  expect  a  general  series  of 
meridian  observations  at  the  various  Suropean  observatories 
the  present  apparitioii  of  the  ph&et. 


6VOOESTI0K8  FOE  PROMOTING  THE  SCIENCE  OF  MSTBOBOLOaT* 

7b  the  Baton  of  tie  PkUooopkkal  Mogotkie  ond  Jomml, 

Gentlemen, 

As  I  find  the  Meteorological  Society  is  defunct,  I  hca;  leave  to 
suggest  that  in  order  that  the  science  of  meteorolojjy  may  be  im- 
proved and  promoted,  and  not  left  to  chHucc,  und  in  order  that  uni- 
fonnitr  in  tiie  observatlona  may  be  obtained,  I  propose  that  al  tlie 
aevoaf  railway  stations,  the  head  derk,  or  tiie  devereat  man  on  the 
mmtsea,  be  supplied  gratis  with  proper  instruments,  and  that  these 
instruments  should  all  be  supplied  hy  the  pamc  mnker ;  then  will 
they  all  start  fair,  upon  cert;»ifi  data,  uliicli  hy  the  ]>rc^ent  system  can- 
not be  done.    And  as  iny  liicud  Mr.  Luke  Howard  iias  suggested  to 
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«M»  would  not  thi  «]«etrio  telegraph  be  a  capital  meane  of  tranunlt- 
ting  tfao  int«IIIgeiioe  td  a  thunder  or  hailttorm,  or  any  diange  that 
liaa  talien  place  in  any  part  of  the  kingdom  where  nrnwaya  olilnin, 

and  by  fh'.t  mv:\r^^  unfavel  nature's  seowtwith  regard  to  meteoro- 
logical phiTHomcna  ? 

But  as  those  stations  should  be  provided  with  cveiT  requUite  for 
taking  all  the  necessary  observatiou^,  no  as  to  fmiu  u  uompcudioua 
aeries  of  meteorological  remarks,  you  will  aak  who  t»  to  fumith  the 
means  ?  In  answer  to  that  I  would  say.  could  not  the  Royal  Sode^ 
do  that,  and  mi^bt  not  the  British  Association  take  the  concern 
under  their  fostering  cnre  ?  You  will  ixhn  «ay,  would  not  the  atten- 
tion necessary  to  be  j^aid  to  tlu  sc  observations  lead  to  iimttention  in 
respect  to  the  trains?  I  hope  not;  and  I  believe,  before  lonu:,  such 
improvements  will  be  made  in  railways  tiss  to  make  it  nearly  a  piiy- 
•ieal  impossibility  for  accidents  to  occur, 

Boitoa,  July  8, 1847*  Samuil  Viau. 


MBTBOBOLOOIOAIi  OBaBBVATIONI  VOB  JULY  1847. 

Cfiiswick. — Jidy  1.  Light  clouds  :  fine:  o\ercast.  Sli^;Iii  dririle :  cloudy. 
3.  Otercast ;  clear.  4.  Very  fine :  clear ;  cloudy.  Sultry.  C.  Very  fine, 
7.  Overcast:  flight  tbower.  8.  Rain:  cloudy:  dear.  9.  Cloudy  and  fin«. 
10.  OTerrast :  clear.  1 1,  12.  Very  fine.  IS.  Sultry.  14-»16.  Excessively  bat, 
17.  Tliundcr,  lij^litniiig  and  hcnvy  rain  nil  flic  morning :  fine:  cloudy.  18.  Cloudy. 
19.  Slight  thoHeru.  ^^O.  Ovcrcaiit  and  (in«.  21.  Very  fine.  33.  Heavy  clouda ; 
clear  at  Qiglit   2S,  94.  Very  fine.   25.  Omcatt.  SC.  Claar  and  fiaa,  91,99, 


Vsrjfine.    29.  Sultry.    30,  31.  Very  flu o. 

Mean  temperature  of  the  month   65^*84 

Maantampafftinraof  July  1846   $$  *46 

3Ican  temperature  of  .Tuly  for  the  last  twantj  ycafV   ,  63  '08 

Average  amount  of  rain  lu  July   «   2*36  inchea. 


B99tm*^-jmf  1— a.  Cknidy.  4»  5.  Rna.  e*  Flaa  t  ltalf-|Nut  9  p.m.  tbermo- 

melcr  "(T.  7.  Fine  :  rain  early  this  morning,  8.  Cloudy  :  ticuiendous  storm 
of  tliunrl&r,  lightning  and  rain  p.m.  9,  Fine.  10,  1 1,  Cloudy.  12.  Fine :  4  f.m. 
thermolueter81^  13.  Fine.  14.  Ootidj.  15.  Clottdy  i  S  r.M.  thermometer  74^ 
16,  17.  Cloudy.  ]8.-'2l.  Fin*.  S8,  Rain.  9S*  Cloudy.  M^-ST.  Flat. 
88,  29.  Cloudy.    30.  :3J.  Fine. 

Sandwkk  Mantef  Orktuey. — July  1.  Cloudy.  2,3.  Fog:  fine.  4.  Dampt 
davdf.  I.  Cloudy:  Ibf.  9*  Fog.  7.  Dropt.  8.  lUin :  clear.  9.  Bright: 
fine.  10.  Fo;^:  bright :  fine.  11.  Bright :  fine.  I 'J.  C'lenr  fine.  13.  Damp  t 
cloudy,  14.  Bright:  thowers.  15.  Clear]  fine.  Bright :  tine.  17.  Cloudy. 
It.  Ridn.   19^  Driafat  dampw        Dritile:  ehmdy.  91,  Driaalajibg.  St. 

Sluiwtrs:  rain.  23.  Cloudy :  showers.   24.  Cloudy:  fine.   '2.7.  Fine.   2fj.  Bright: 

dritile.  87.  Ilatn  :  cl<Nidy.  89.  Sbovart.  29.  6howors;cl««r«  SO.  Bright; 
ahowcra.   St.  Bright:  iwn. 

A/tplegarlh  Mnn$e,  Dumfries'ihire. — July  1.  Very  fine:  tliunder.  2 — 4.  Very 
fine.  5.  Very  fine:  mackerel  sky  and  sultry  r.  u.  G.  Very  fine.  7.8.  Heavy 
khowen:  thundvr.  9.  Cloudy  and  threatoninff.  10,  liaiu.  II,  Uain  :  fog  i-.u. 
Iti,  Floa,  but  cloudy.  13.  Very  fine :  fog  early  a.m.  14.  Heavy  dew :  very  t'ma; 
15.  Very  fine  :  shower  and  thunder.  16,  Cool  and  breeiy  j  thunder.  17.  Very 
fine :  air  elastic.  IS.  Very  fine:  drlzaler.u.  19,*20.  Very  fine.  21.  Fine*  but 
cloudy:  shower  and  thunder.  22.  lowers i  laHraahtey.  68.  Fair  and  flna. 
84.  Fair  and  fine,  hut  dull.  25.  Shower  curly  a. %f. :  fine.  GG.  Mne  bracing  air. 
87.  Cloudy :  threatening :  thunder.    88,  Fair>  but  cloudy.  29 — 31*  Fair,  but 


elotidy:  dUMtdad. 

Mean  temperature  of  the  month   ....•.•.•»•••,.•.*••   6l'''55 

Haap  tatoparatara  of  July  1840   59  '20 

MflaB  tavpanlnra  «f  July  Ibr  tweoty-fiva  yaaiB  58  '14 
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XL.  Foitrih  Memoir  on  Induction.  By  M.  Elte  Wart- 
man  n.  Professor  aj  Natural  Fhihsophjf  in  the  Academy  of 
Geneva"^, 

[With  a  I' lac. J 
[Contiiuied  from  vol,  xxx.  p.  272.] 
$  XIV.  On  the  Commutators  cinpluyed  to  render  x^diaic  cur- 
rents discontinuous,  and  to  separate  currents  of  induction. 
116.  IT  is  exactly  a  century  .since  a  remedy  for  various  nil- 
A  mcnts  was  first  sought  in  tlie  electric  fluid.   Tlie  first 
experiments  were  made  at  Geneva  by  Prof.  Jaliabei  t  in  17  i7  t» 
At  a  later  period,  when  tlie  voltaic  buttery  was  invented,  iU 
physiological  effects  were  studied,  and  they  are  now  employed 
for  the  cure  of  various  affections,  such  OS  obstinate  ulcers d 
dumbness}  ,deafness  ||  ,blindnessl,tio-doloareux**,  poralysbft, 
&c.   Lastly,  since  the  discovery  of  magnetic  and  electric  in- 
ducdon  in  1831  by  Mr.  Faraday,  it  has  been  found  that  the 
induced  currents,  as  wdl  as  the  electrical  discharges  of  the 
X^eyden  jar,  have  an  extremely  short  duration,  and  produce 
greater  shocks  than  batteries  of  a  large  number  of  ek  iuouts. 
The  idea  therefore  has  occurred  of  rendering  the  current  of 
the  electromotor  apparatus  discontinuous,  to  approximate  it 

*  Communicated  by  the  Author. 

■f  Experiences  sur  VElectricUe,  p.  127-  8vo.  Geneva,  174a 
X  Becquerel,  Traiie  de  Physique,  vol.  ii.  p.  638.  Paris,  ld44, 
\  Namiat,  De  aleuni  effetH  delP  eleitrko  sopra  t  Awmate  RcoMma,  &c., 
p.  27.  Venice  1841. 

II  Ginrnale  per  tervire  at  progresti  dclln  Patolo^ia  ft  dcUa  TerapetUica. 
Gennajo,  1843,  p.  108.  Giomale  delie  Scienze  Mediche  di  Torino,  vol.  iv. 
p.  490. 

IF  Giomale  per  tervire,  ftc,  December  1841,  p.  668.  BibMoteea  liaSana, 
fa«cicoIo  25,  p.  12,  &c. 

♦*  Zantedeschi,  Traitaio  dcUa  EU^Unciid,  vol.  ii.  p.  o2o. 

ft  Oionule  di  Fitica,  ^c.  M  Pmia,  decade  II.  vol.  Tif.  p.  284;  and 
vol.  viii.  p.  219.  Jnuati  deUe  Setetue  del  Begno  Lmbordo-VeneiQ,  January 
and  February  1833,  &c. 

Fhii.         S.  a.  Vol.  31.  No.  208.  Oct.  I S47.  R 
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to  the  cases  of  induced  currents.  Dr.  NeeiF  of  Frnnklbrt  on 
the  Maine,  in  1895^,  ami  M.  Masson  in  tbefoUowioyyeart* 

have  made  very  conclusive  experiments  on  this  subject*  An 
instrument  tle>cril)e(I  by  M.  Poggendorff  under  the  name  of 
invcrsorX,  is  intended  to  render  the  current  of  an  ordinary 
battery  at  tlie  same  time  discontinuous  and  in  an  alternate 
direction  through  a  jriveii  conductor. 

117.  At  the  present  day  liie  employment  of  inducetl  cur- 
reni5  seeuks  to  become  more  and  more  general.  In  place  of 
the  original  magnets  employed  iu  the  apparatus  of  Ritchie^i 
Pohlll,  Pixii«[,  Saxton"*^,  blarkvtti  StdrertI,  and  others,  a 
simple  voltaic  pair  has  been  substituted,  and  an  instrument  has 
been  constructed,  of  smal  1  sise^  easy  of  tran  sporty  and  producing 
almost  unlimited  efTects,  called  an  electrO'elcctric  machine^  or  a 
thocl-machiue.  M.  Bonijol  constructs  this  machine  with  such 
perfection  that  it  has  been  generally  adopted,  and  there  is  at 
the  present  day  scarcely  an  hospital  where  it  is  not  found.  It  is 
employed  in  the  treatment  of  a  multitude  of  ncrvons  affections; 
in  that  of  amanrosis^^,  in  assisting  parturition  |j  [i,  and  as  a  dia* 
gnostic  to  ascertain  the  slate  of  vitnhtv  of  the  foetus. 

118.  I  have  had  more  than  one  oppuiiuuii}  of  convincing 
m^sell  liiut  many  persons  nuike  U2:e  of  tiie  bhock-machine 
without  understanding  either  its  construction  or  its  tlieory. 
This  machine,  arrang^  on  a  dilferent  plan,  might  be  rendered 
both  more  intelliffibie  in  its  mode  of  action  and  more  useful  to 
the  physicist  and  the  physiologist  I  will  point  out  some  of 
the  cases  in  which  it  may  be  employed^  and  afterwards  the 
arrangement  applicable  to  each  of  tliem. 

I  ]  9.  A  voltaic  current  being  given,  it  may  be  proposed^ 
1.  To  render  it  discontinuous,  without  cbangit^  its  direo- 

tion,  in  a  conductor  at; 

•  Dnr.  lllitzrad,  rin  Apvnrrrf  ZH  rnxch  a6we<^elHdeH  gafvanUckcn  SckUeS' 
suii^rn  und  'lYenmaigen.  ^ogg.  j4nn^  vuL  JLXXvi.  p,  35%  auU  vol.  xivi. 
p.  104. 

'[  Compies  Rendiis  de  PAcod.  de»  Sciences  de  Paris,  vol.  iv.  p.  456. 

*  Po--.  .!un.,  vol.  nIv.  p.  372  and  385.         ^  Pbii.  TKm,  Oct.  1883. 

II  Fogg.  Ann.,  vol.  xxxiv.  p.  185  and  500, 
i  Ann.  dc  Ch.  ct  de  Pht/g.,  vol.  I.  p.  3ti, 

Phil.  Mag.  N.  S.  vol.  \x.  p.  360.  Ibid.  p. 002. 

tl  Pogg.  .f>vi  ,  vol.  Ixi.  p.  417,  1S14. 

\§  Cnnier,  Dr.,  /fnnales  d' OcnJuiique,  vol.  xii.  and  vol.  xvi.,  where  will 
be  found  a  memoir  by  Dr.  Hoering  On  the  Emploj'nient  of  the  Eltclro-inag- 
netic  rotatory  apparatus  in  Diseases  of  the  Eyes. 

1|[|  Sec  on  tlii-  i;hject,  P.  Kerz,  /V  r/crfro-wnavrtitT  i  vi  <  f  nsn  in  nrlc 
ohHftnrid.  Uonii,  i^4(». — J.  A.  SchniidtnuiUer,  }Iandhitch  dcr  niedizinuciufn 
Gtbui  UhulJe. — T.  Kadford,  Galvanism  applied  to  tlie  treatment  of  uterine 
Hsmorrhsgc.  Manchester. — Von  Kiltan,  Die  Geburt*lehr9  com  SeUen  der 
WisseTtschnff  und  Kuux!. — Neue  xcUtchr^fur  Q^nritlmadc,  ftO  U*  fiuik^ 

d'Outrepontt  &c.,  vol.  xvi.  No. 
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2.  To  render  it  discontinuous,  and  in  alternately  contrary 
directioiM. 

This  cnrrittt  being  eraplojred  to  racton  a  wire  B»  near  the 
tiondnotor  A»  it  nay  be  required-* 

3*  To  isolate  the  direct  currents,  induced  from  the  dosing 
of  the  circuit  A ; 

4.  To  isolate  the  invefted  CQrmt%  mduoed  on  bteaking 
this  circuit; 

5.  To  emit  these  currents  sucoessively,  giving  them  the 
same  direction ; 

6.  To  emit  them  alternately  in  contrary  directions,  just  as 
they  are  produced  directly. 

It  is  knowu  that  there  is  a  reaction  of  the  induced  currents 
on  the  principal  current.   We  may  therefore  desire — 

7.  To  collect  die  totality  of  their  reaction; 

8.  To  avail  ourselves  only  of  the  reaction  of  the  direct  in« 
duced  currents; 

9.  To  uvuil  ourselves  only  of  that  of  the  inverted  induced 
currents ; 

la  To  collect  only  the  mdnction  of  the  indootor  on  itself. 

180.  Physicists  have  studied  the  majori^  of  these  cases; 
but  the  mechanical  instruments  which  they  have  imagined  and 
described  under  the  names  ii^meiar*^  ta€l^ftrope\^  rkea^ 
iropeti  gsfr^ir^ff  or  coBmWtf#pr||»  are  scarcely  applicable 
except  to  one  or  other  of  the  first  two  categories.  The  most 
complete  of  these  instruments,  reinvented  in  Paris  seven  years 
after  having  been  de&cribed  and  employed  in  Germany,  is 
composed  of four  isolated  wheels  on  the  same  axis,  the  outline 
of  which  presents  successively  metallic  nnd  ivory  arcs,  arratnst 
which  press  conducting  s})rings.  The  axis  is  set  in  motion  by 
means  of  a  handle  or  tooth-wlieel.  iSometimes  the  interval  of 
the  teeth  is  left  void,  and  the  spring  in  escaping  determines 
tiie  opening  of  the  circuit.  Other  commutators  arc  formed 
with  needles  arranged  on  isolated  axes,  in  such  a  manner  that 
one  is  immersed  la  mercury  at  the  instant  when  the  other 

•  Doft^  JiMwrlo  tMirMfP  Affmwt  mm  Htf^Mhmgm  miimrttr 
fUnimfihmkn  iKiemtiiiU  in  mm  cinamier  ioWawMie  gifrwistoi  JkHkim 

Pogir.  vol.  xliit.  p.  511.  ]83b. 

i*  Dove,  Uc6er  den  Gegmuiiwu  zu  An/ang  und  Ernie  cines  prtmarcH, 
Pogg.  j^mt.^  vol.  hi  p.fai. 

t  Matton  et  Biri^et,  MSwutn  mr  thiMeHm   Amu  it  Ck,  HitPiigfi^ 

vol  IV.  p.  134 

§  i'ogg.  A»H.f  voi.  xxxii.  639 ;  ami  voL  xxxiv,  p.  1^  and  600t 
1834-35. 

R  Jmetih\,  Sur  PmmitktUm  dir  IPMhttm  magneiitme  mm  mMwmmniim  hmn 

chines.  ^  VII.  P,>t8dMHia^5.   Taylor's ScMic  MsoMin^  fol.  i p. iMl 
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comes  out  of  it*.  These  diffemt  systems  are  eomplicsted, 
and  subject  lo  several  inconveoienoes.  The  rheotrop^  which 
I  shall  proceed  to  describe,  and  which  is  especially  applicable 
to  electro-electric  machioes»  combines  with  the  advantage  of 

•  On  the  18th  of  June,  1840,  I  communicated  to  theScu  icty  orPIiyMc; 
and  Natural  History  cf  Cieneva  an  apparntu"?  of"  this  kind,  the  constrtictioii 
of  which  presents  no  UifiicuUy,  and  which  is  de^jo&ited  in  the  Cabuiei  of 
Physics  in  the  Academy  of  Lausanne.  The  following  i«  a  desci-iption  ofit:'- 
*•  My  commutator  is  composed  of  a  pure  copper  stem  a  b  (Plate  II.  fig.  1), 
intersected  in  the  middlr  hv  n  piece  of  ivory  r  :  the  latter  is  hollowed  into 
the  nut  of  a  screw,  in  &ucli  a  uianncr  that  the  two  iiulve:>  oi  tije  stem  screw 
into  it.  Between  these  metallic  extremities  some  sealing-wax  is  nia,  in 
order  to  isolate  them  entirely.  T!ie  cylinder  thu«  formed  is  arranged  ho- 
rizontally, and  each  of  its  branches  is  furnished  with  «^ym!iietrical  pieces  at 
equal  distances.  These  pieces  are  two  copper  teeth  cj\  placed  perpendi- 
cularly and  at  a  right  angle  on  the  atis ;  then  a  copper  circle^.  Lastly,  to 
one  of  the  extremities  of  the  stem  is  fixed  a  pulley  /j,  in  ilie  groove  of 
which  there  runs  a  ecrd  i,  which  again  passes  over  a  lower  pulley  ^,  which 
is  much  larger,  vertical,  and  moveable  by  means  of  the  iiandle  m  in  uoe  of 
the  supports     the  apparatus. 

"The  six  projectinc;  pieces  of  copper  dip  into  a  glass  vessel  it  (fig. 
placed  on  two  «mad  horizontal  barso;  it  presents  six  isolated  compart- 
ments  full  of  mercury.  The  extreme  circles  remain  immersed  in  this 
liquid  during  the  entire  rotation  of  the  stem,  the  arrangenient  of  the  teeth 
causing  one  to  be  immersed  whilst  the  neighbouring  one  is  not.  It  is 
easy  to  regulate  the  quantity  of  mercnry  in  the  troughs  so  that  the  immer- 
sion ot  the  one  may  correspond  exactly  to  the  exit  of  the  other. 

*'  Supposing  it  be  desired  to  emit  into  a  rheom^er  the  two  induced  caiw 
rents,  giving  to  them  the  same  direction,  it  is  sufficient  to  bring  the  extre- 
mities of  the  wire  in  which  the  induction  is  produced  in  the  extreme  com- 
partments reserved  for  copper  circles.  The  ends  of  the  wire  of  the  mui- 
tiplicator  are  tied  to  ban  of  copper  connecting  the  troughs  ef^  ef,  tot' 
responding  on  the  right  and  left  of  the  iscdator  c  to  the  needles  fixed  at 
a  right  angle.  So  likewise  on  connecting  tlie  extremities  of  the  rheometric 
wire  only  with  the  troughs //»or  with  the  troughs  e  e,  it  is  evident  that  the 
dbrect  or  inverted  induced  currents  only  may  be  collected. 

"  I  have  combined  with  this  arrangement  one  which  M.  Bonijol  has 
employed  in  some  of  his  apparatus.  It  con-^ists  (fi;;,  3)  of  planting  one  of 
tlie  ends  of  the  stem  in  a  Hattened  wooden  cylinder  r,  on  which  a  springs 
presses  [)asdng  into  a  circular  cylinder  i  ofhard  wood,  and  the  free  extre* 
mity  (^t  w  hich  u  is  placed  by  the  rotation  of  r  in  contact  with  an  amalg«>  , 
mated  metallic  capsule  r,  or  is  removed  from  it.  Then,  by  connertin-j  the 
spring  on  one  side,  and  the  capsule  ou  tlie  other,  with  the  wure  which  the 
direct  current  of  the  pile  traverses,  we  obtmn  hf  the  simple  rotation  of  the 
stem  any  number  of  inductions. 

**  This  apparatus  enabled  me  to  discover  that  the  thermo  electric  cur- 
rents are  capable  of  induction  like  the  hydro-electric  currents.  I  employ 
a  single  btsmuth-antimony  pair,  the  solder  of  which  is  lieptat  100^  by  iteam. 
The  bismuth  extremity  is  connected  with  the  spring  s,  the  antimony  ex- 
tremity with  a  w!ic  covered  with  silk,  which  makes  seventy  turn*;  on  a 
franit',  and  tcruiiuates  at  the  capsule  je.  On  the  same  frame  is  roiled  an 
isolated  and  finer  copper  wire  which  makes  1900  coils  (110.),  and  both 
ends  of  w  hich  terminate  in  the  troughs  p  g.  The  induced  circu^  is  closed 
by  a  very  delicate  rbeometer(6  a),  which  deviates       dflffrees  and  non^ 
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befng  more  lioiple^  and  consequently  less  solject  to  denuige- 
ment,  that  of  not  requiring  the  employment  of  mercury^  end 

of  serving  to  solve  all  the  cases  above  stated. 

im.  H  (Plate  11.  iig.  4)  is  a  reel  on  which  two  insulated 
wires  are  wound  ;  one  the  inductor  A,  by  wbich  the  current 
of  the  battery  jj  n  is  made  to  pass:  tln^  other  the  induced  B, 
intentled  to  become  the  seat  of  the  currents  of  induction. 
Three  brass  wheels  r,  5,  t.  of  the  same  diamctL  i  ,  m  e  isolated 
from  one  another  on  a  common  axis  ;  their  circumlerence  pre- 
sents an  equal  number  of  parts  alternately  of  metal  and  wood. 
Two  metallic  springs  at,  b  arc  fixed  ai^ainst  the  wheel  r,  in 
mall  a  manner  that  the  hist  leans  against  a  conducting  arc, 
and  the  other  against  an  insulating  nrc.  The  wheels  s  and  t 
are  each  pressed  by  two  springs  c  dy  ef^  similarly  arranged* 
The  central  metallic  parts  of  the  three  wheels  are  in  constant 
oommnnication  with  the  springs    k,  u 

129.  If  it  be  desired  to  collect  the  voltaic  current  always  in 
the  same  directbn  after  having  rendered  it  disoontinnous,  it  is 
sufficient  to  connect  the  spring  i  with  the  pole  />  by  a  wire  % 
and  the  other  pole  n  with  the  spring^!  by  means  of  any  con* 
ducting  wire  diflerent  from  the  wires  A  and  B  wound  upon 
the  reel.  If  it  is  wanted  to  obtain,  as  with  the  inversoi\  the 
discontinuous  current  in  directions  alternately  contrary,  we 
must  join  the  springs  c  ami  c  as  well  as  the  springs  d  and  /i 
and  then  connect  tiie  extremity  oi  the  conjunctive  wire  of  the 
battery  with  the  spring  //, 

123.  When  it  is  desired  to  employ  currents  of  imluction, 
the  contact  of  the  extremity  /  of  the  iiulucting  wire  with  the 
pole  n  is  established  permanently,  and  that  of  the  extreiiuLy  m 
with  the  spring/.  Now,  to  isolate  the  direct  currents  induced 
at  the  closing  of  the  circnit  we  have  only  to  connect  the 
ends  X  and  y  of  the  wire  B  respectiyely  with  the  springs  b  and 
g«^To  isolate  the  biverted  currents^  we  nnite  »  with  k  and  y 
with  dL-^To  cause  the  direct  and  the  inverted  currents  to  pass 
one  after  another  in  the  same  direction  through  the  rheometer 
G,  for  example,  we  connect  the  wrings  a  ami  c  with  tlic  end 
$  of  the  wire  of  the  instrumenty  ine  springs  b  and  d  with  the 
end  /,  the  extremity  s  with  the  spring  hy  and  the  extremity  y 
with  the  spring  g, — To  collect  the  induced  currents  alter- 
nately in  contrary  directions^  justas  they  are  produced  directly^ 

when  it  is  truTmed  by  direct  and  inverted  currents  in  tiie  liame  direction.*' 
(See  the  TraMtttioni  oT tbe  Helvetic  Society  of  Natoral  Scieoeet  for  1640, 

|ip.l73, 105  ) 

Prof.  Dove  has  demonstrated  thermo-electric  induction  by  a  different 
)roce«6.    His  researcbes  were  made  nt  the  same  time  as  mine,  and  in  an 
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wo  diflnmnect  the  extremitiai  m  wad  y  of  tho  wire  B  from  the 
•pritigB  of  the  rlieotrope* 

124.  Lastly,  if  Wtt  prop<»e  to  employ  the  reaction  of  the 
induced  wire  B  on  the  indaetor  A,  ami  that  of  the  inductor 
wound  in  a  helix  on  itself,  we  substitute  for  th?  wire  a  the  body 
which  is  to  be  subjected  to  the  effects  of  these  reactions. 
We  then  employ  one  of  the  four  arrangements  above  described 
fl2.'?,\  according  as  we  wish  to  obtain  the  totality  of  intiuence 
ot  the  two  currents  induced  in  the  snmc  direction,  or  in  di- 
rections alternately  opposed,  or  again,  the  separate  mllucnce 
of  the  direct  or  the  iiivn  ted  currents.  The  simple  indue uon 
oi  tlie  inductor  an  itsell  i.^  obtained  with  n  reel  with  n  sinule 
wire  in  place  of  the  conductor  a,  and  the  arrangement  de- 
scribed (122.). 

Ifi5«  It  retnainB  for  me  to  gifo  some  dctftilt  on  the  con* 
struction  of  the  rfaeotrop*.  The  three  melellio  whceb  r,  I 
(6g.  5)  pretcnt  on  their  periphery  twelve  hollowi  filled  in  with 
nard  wood.  These  heterogeneoua  wlieels  have  been  worked 
together  bv  the  lathe;  they  are  each  0°^*80  in  diameter,  and 
in  tbickneis.  A  metaUic  tooth  of  the  middle  wheel 
$  exactly  corresponds  to  one  iaolating  part  of  the  extremes  r 
and  t.  They  are  placed  on  the  same  brass  axis  ^  which  is 
turned  by  a  wiiicli  v  or  a  tooth-wheel.  The  spring  i  and  the 
wheel  /  are  m  iiu  t  illic  contact  with  the  axis.  The  wheels  r 
and  s  are,  on  the  contrary,  each  isolated  from  it  bv  an  ivory 
ring  covered  externally  with  a  brass  cylinder.  rhe->c  uva 
cylinders  bear  the  wheels,  and  are  constantly  pressed  by 
springs  o-,  A,  which  embrace  them  c  i!  a  semi-circnmference. 
The  three  springs^,  //,  /  ici  iinnule  (>n  ihe  three  heads A', 
by  means  ol  vvhich  they  can  communicate  together.  Lastly,  the 
six  springs  a,  c/,  e^BXt  made  of  plates  of  hammered  copper; 
they  are  fixed  to  the  base  of  the  instroment  by  screws,  f\^ttff 
the  heads  of  which,  similar  to  fl^  and  pierced  like  them  with 
two  boles»  can  receive  the  metallic  wires  intended  to  establish 
a  connexion  between  the  difierent  wheels.  These  springs  are 
cleft  in  order  that  the  groove  may  facilitate  the  adjustment  of 
their  length*  Above  they  bear  a  screw  (6g.  6)  in  the  part 
which  has  to  rest  on  the  circumference  of  the  wheels;  the 
opposite  notch  allows  of  regulating  the  elasticity  of  the  spring 
and  the  degree  of  friction.  The  play  ol' these  pieces  may  thus 
be  regulated  with  niiiuuc  precisicni. 

126.  It  it  is  not  waiitoii  to  impart  tiie  same  direction  to  the 
two  induced  curroiitb,  the  apparatus  may  be  simpldied  by 
giving  il  only  two  wheels.    One  is  l  escrved  lo  render  the  cur- 
rent ot  die  l)alterv  intermittent;  the  other  is  if  ni*  cl  to  the  in- 
I  duced  wire;  and  according  as  there  is  coincidence  or  aiitr- 
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nation  in  the  closing  of  the  two  circuits,  only  either  the  direct 
or  the  inverted  currents  nvc  received.  This  double  eflect  may 
be  obtained  by  chan^in<r  ihc  pciint  of  roiitnct  with  one  of  the 
spring*?,  or  by  varyl^^  iho  po  iiion  of  one  of  the  wlieeis  on  the 
axis  relatively  to  tlie  otiier.  Two  wheels  lio  not  permit  ot" 
giving  the  same  direction  to  the  direct  and  the  inverted  cur- 
rents; because  as  it  is  evitknt  that  the  induced  circuit  must 
communicate  vviiii  the  two  wheels  wlien  the  principal  current 
is  closed,  a  part  of  this  current  may  proceed  from  the  wire  of 
indaciion  and  raodi^  the  effect  of  the  direct  induced  current. 

1S7.  Lastly,  if  it  be  desired  to  isolate  oolv  the  inverted  in- 
duced current^  the  rheotrope  may  be  reduced  to  a  sinffle 
wheel.  It  !•  iufficient  far  the  proposed  object  to  open  tne 
induced  circuit  when  the  inducting  circuit  ia  closed,  and  vice 
versd.  But  this  arrangement  would  not  be  suited  to  isolate 
the  direct  induced  currents,  because  it  would  be  necessary  to 
close  sinialtaneously  the  two  circuits,  and  the  voltaic  current 
wouhl  be  propagated  in  the  double  channel  presented  to  it. 

I '28.  It  will  be  found  convenient  to  mark  letters  on  the  dif- 
ferent pieces  g',  h\  z',  r',  .s',  t\  and  to  repeat  them  at  the  extre- 
mlties  of  the  metfillic  conductors  employed  to  connect  these 
pieces.  These  conductors  will  be  fixed  to  the  interior  of  the 
lid  ul  the  case  which  contains  tinj  u  lioie  electro-electric  ma- 
chine; and  a  brict  direction  will  iiulicate  which  ought  to  be 
employed  to  produce  the  ciiecu  corresponding  to  the  differ- 
ent possible  cases. 

189«  It  is  understood  that  the  commutator  with  three  or 
with  two  wheels  is  applicable  to  ail  magneto^dectrie  machines^ 
telegraphs^  clocks^  &c.)  whose  motive  principle  is  the  electri* 
city  of  the  magnet  or  of  the  battery. 

$  XV.  Emploipmewt  qfindueed  currents  to  restate  semaiitnu 

J  30.  The  cases  of  nervous  weakness  which  have  yielded  to 
u  judicious  ap|)lif  aiion  ot  elec:ti  o-})hysK)logical  shocks  and 
dischurues  are  too  vw  li  ascertained  to  admit  of  any  question. 
iSuicc  iljc  liiarvcllous  cfi'ecls  ofjciln-i  iiuve  been  knuwn,  I  have 
proposed  to  several  physicians  the  employment  oi  the  electro- 
electric  machine,  or  at  least  of  intermittent  currents  of  very 
short  duratiotty  to  obviate  the  dangers  which  the  injection  of 
too  stroDff  a  dose  of  this  liquid,  or  a  too  prolonged  inhaiement 
of  itf  might  produce.  I  have  made  some  experiments*  with 
a  view  to  verify  the  accuracy  of  my  expectations  \  and  although 
thsj  are  so  few  as  to  require  to  be  repeated  and  varied,  I  shall 

*  Inconipaoy  with  Dr.  A.  P.  Picvo^t,  uuil  Mr.  Schnetzler.  1  tuke  this 
apportttolty  of  tbaDking  these  geatlemenfor  their  ssstousooopsntioti. 
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give  tlirm  here,  because  similar  resulU  have  receDtly  been 

announced  by  M.  Ducros*. 

131.  The  aniinals  subjected  to  experiment  were  a  rabbit 
three  iiionlhs  oltl,  a  chicken  nine  months  oklj  and  ^uiiie  frogs 
of  botli  sexes,  Thev  are  ail  verv  sensitive  to  electric  shocks. 
Tiic  action  of  athcr  upon  tliem  is  also  very  powerful,  espe- 
ciallpr  on  the  frogs,  which  should  not  be  moistened  with  tbb 
liqmd. 

192.  The  rabbitand  the  chicken  appeared  to  have  recovered 
their  sensation  sooner  under  the  influence  of  the  shocks  of 
induction  than  hy  simple  exposnre  to  the  air.  In  the  firogs 
no  difT mice  in  this  respect  was  remarked. 

133.  The  setherization  was  ciTected  by  plunging  the  animal 
into  a  glass  cylindrical  vessel,  in  which  boxes  were  arranged 
furnished  with  sponges  moistened  with  aether  ;  it  was  covered 
with  ft  piece  of  linen  dipt  in  water.  The  internal  atmo- 
sphere  was  removed  from  Lime  lo  time  by  removing  the  co- 
vering. 

134.  The  most  remarkable  case  was  presented  by  the 
cliicken.  A  quantity  ofa'ther,  more  than  sufhcietit  to  produce 
insensibility,  was  injected  into  its  rectum.  When  it  arrived 
at  this  state,  two  or  three  shocks  oi'  the  electro-elecU  ic  appa- 
ratus (110.)  were  passed  from  one  wing  to  the  opposite  It^ 
which  shocks  were  efiected  by  a  Grove's  pair;  immcdiatelj  toe 
eyes  opened*  On  continuing  the  discharges  in  a  very  inter- 
mittent manner,  the  animal  was  seen  to  struggle,  to  riae  on 
its  feet,  and  then  to  fly  to  the  end  of  the  laboratory,  relapsing 
gradually  into  an  insensible  sleep  under  the  influence  of  the 
portion  of  injected  aether  which  had  not  as  yet  produced  its 
effect. 

135.  The  rabbit  and  the  chicken  were  subjected  to  several 

successive  eetherizations.  The  former,  young  and  weak, 
died  six  or  seven  hours  after  the  fourth  trial  (injection).  At 
the  end  ol"  fifteen  hours  its  body  was  stiff,  as  if  denth  had  re- 
sulted from  natural  causes.  Its  nerves  exhibited  the  soften- 
ing mentioned  by  some  anatomists.  The  chicken,  on  the 
contrary,  survived,  and  even  on  the  following  day  laid  nn  egg 
with  a  soft  shell.  It  subsequently  produced  several  oUiers 
perfectly  healiliy.  It  did  iiuL  ap|)eai  to  leel  the  effects  oi  the 
shocks  or  injections  to  which  it  had  been  subjected.  It  ate 
corn  greedily,  and  the  rabbit  lettuce  leaves^  as  soon  as  the 
stupefaction  produced  by  the  aether  had  terminated. 

136.  Experiments  were  made  on  the  frogs  and  the  chicken; 
one  while  with  the  efiect  of  the  induced  currents  sucoenbely 

*  CSMttoltff  Rendui  de  fAcad^nie  deg  Science*  de  Pari*,  ntUng  of  tiM 
92aA  of  Fcbnmry  1847,  p.  £86. 
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direct  and  inverted,  at  another  with  inverted  currents  only, 
ciii])Ioving  the  arrangement  above  desciibed  (127.)-  There 
was  no  perceptible  difference  between  the  two  motluxis  of 
electrifying,  even  on  circulaung  the  iu\eiLetl  cuneiiLb  from 
the  leet  to  the  wings,  or  vice  versd, 

}  XVI.  Action    Induced  Currents  on  Albumen^ 

137«  Brand«  was  the  first  who  pointed  one  the  coagulation 
of  albumen  on  the  positive  pole  of  the  battery.  M.  Matteoociy  in 
treating  of  the  physiological  action  of  electric  currents says, 
that  if  the  pole  which  was  first  positive  be  rendered  negativet 
the  albumen  is  not  seen  to  redissolve^  and  that  consequently 
an  electric  current  may  very  well  produce  a  cataract,  but  not 
destroy  it.  On  the  other  hand,  Prof.  Zantedeschi  affirms  thai 
he  has  seen  the  liquefaction  ot  the  albumen  at  the  negative 
polet.  Repeated  experiments  have  never  shown  me  this  re- 
turn to  the  tluid  state,  and  lead  me  to  adopt  entirely  the  con- 
clusion of  the  celebrated  physiologist  of  Pisa. 

138.  The  coagulation  of  albumen  does  not  present  any  re- 
markable phase,  when,  under  the  immediate  infhience  of  a 
batiery,  we  substitute  either  direct  or  inverted  induced  cur- 
rents, or  Llie  vuUaic  current  rendered  intermittent  and  strength- 
ened by  the  reaction  of  the  induction  which  it  has  engendered 
in  its  own  conductor  and  in  the  neighbouring  conductor  (1 24.]. 
But  the  pbsBnomenon  changes  when  the  liquid  is  traversed  by 
induced  currents  in  alternate  directions. 

139.  llirouith  the  inducting  wire  A  of  an  electro-electrtc 
machine  furnbned  with  a  bundle  of  iron  wires»  I  passed  the 

•current  of  five  Grove*s  pairs  of  0"*1  square  surface.  The 
extremities  x  and  ^  of  the  induced  wire  B  (fig.  7)  terminated 
in  cups  ^  full  of  mercury.  The  circuit  was  closed  by  two 
platina  wires  «,  b  of  in  diameter,  one  pari  immersed  in  the 
cups,  the  other  in  the  glass  o  full  of  the  white  of  egg.  The 
latter  iinmcdiately  conguliteil  around  each  wire,  especially 
round  that  which  cunniumicated  with  the  extremity  of  the  . 
circuit  B,  from  whence  proceeded  ilie  inverted  induced  current, 
and  which  cuncnunded  to  the  positive  termination  of  the 
rhc('[)hoi  us  A.    Ai  the  end  of  a  few  minutes  some  bubl)les  of 

ijas  appeal eii  on  the  circumference  of  ihe  coagulum.  ^unie, 
laving  increased  in  volume,  rose  lightly  to  the  surface  of  the 
viscous  medium  in  which  they  were  formed.  The  albumen^ 
riddled  with  holes,  by  which  the  gas  escaped  and  continiied 

^^VL<2ton$  topra  tJeHouiemjStwhMuici  det  carpi  vhmUi,  p.  17^  Pit^ 

t  Hmtttto  dti  Miefffetb9to  et  dtMn  SMtttntim  voL  S.p.  fiiU.  Vaniof* 
384ft, 
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to  be  diiengaged,  tarned  biack  in  sew*]  plaoes :  then  a  seriet 
of /wNMOftf  9parkle$^  and  lastly  raal  sparka  of  a  bright  yellow 

Sittared  on  tbe  whole  imtnerfed  part  of  the  platlna  wirab  At 
6  aame  time  the  induced  wire  B  waa  healed  around  the  leal* 
the  metallic  pieces  of  the  rheotrope  rose  in  temperatoxa^  and 
the  upper  sides  of  the  glass,  not  filled  with  the  albumen,  were 
coated  with  aqueous  vapour. 

140.  I  his  remarkable  pbsenomenon  is  doubtless  compli« 
cated.  The  coruscations  do  not  dart  from  one  wire  to  the  utiier 
ill  the  liquid  ;  they  are  seen  nlong  the  wire.  I  thought  at 
lirst  tiiat  the  combustion  (for  it  was  such)  only  took  place  on 
one  of  the  electrodes  ( 1 39.)  ;  but  on  repeating  the  experiment 
many  tiuies,  I  saw  it  alieiuale  on  both  of  them  according 
as  I  reversed  the  poles  of  the  battery,  or  present  itself  first 
upon  one  wire,  then  upon  the  other,  without  the  direction  of 
the  current  being  cliaugedi  or  lasdy  appear  upon  unly  one 
of  them,  whatever  changes  were  made  in  the  positions  of  the 
rheophori  and  the  extremities  of  the  induced  circuit*  I  attrl* 
bnte  this  latter  caas^  which  only  occurred  when  the  aur&ce  of 
the  albumen  was  covered  with  a  layer  of  sstheri  to  the  diflar* 
enca  of  the  conditbns  of  contact  of  the  two  platioa  alectrodea 
with  the  liquid :  one,  in  fact,  waa  then  only  covered  with  a 
slight  coagulum,  whilst  the  other  gave  rise  to  a  considerable 
quantity  of  gas.  These  gases  were  collected  on  the  aether  in 
a  tube  traversed  by  a  platina  wire  cemented  at  its  top.  Thay 
presented  neither  free  carbonic  acid,  nor  oxygen,  nor  hy- 
dro'^en.  I  think  tlint  they  were  a  mixture  of  oxiideof  carbon 
and  carburetted  hyth-oirens. 

141.  The  nUuituLn  solidified  around  platina  conductors 
acquires  the  consibteiice  ot  very  soft  glue;  it  is  ductile,  brown- 
ish, even  blackish,  and  diffuses  a  marked  odour  of  burnt  horn 
or  phosplioieilcd  iiviirogen.  The  platina  does  not  lake  the 
pulveruieiit  appearance  nor  biack  coluui  whicli  ai  e  com  muni- 
cated  to  it  b^  discontinuous  alternate  currents  in  other  media ; 
it  preserves  its  metallic  apiiearance.  With  the  assistance  of 
Pm*  Mari^nao  I  analysed  the  oooouluroi  it  oontainad  no 
trace  of  platina.  There  ia  therefore  here  no  catalytic  action* 

lis.  These  various  remarks  lead  me  to  think  that^  in  cir- 
cumstances of  imperfect  condoctibility  of  the  albumeUt  and  of 
great  power  in  the  induced  currents  emplo^edt  the  immersed 
wirca  oecbma  heated  when  the  coating  of  coagulum  and  ol' 
gaaaoua  bubbles  has  put  a  new  obstacle  to  the  passage  of  the 
alternate  currents  (an  obstacle  rendered  evident  by  trie  eleva- 
tion  of  temperature  of  the  external  cirt  nits'.  wh^Tu  c  rt\sults  a 
true  igneuui>  decomposition  nnci  n  inn  hhil^  iiiuler  llie  mlluence 
ot  oxygen  in  a  nascent  state^  ol  cumbuslibk  dements  expoeed* 
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143.  Whatever  value  lliis  opinion  may  have,  it  seems  Lo 
me  tliat  the  ilecurnposilion  of  albumen  by  the  passage  of  very 
intense  intlucetl  currents  is  a  fact  winch  deserves  tlie  serious 
attention  ul  physicians  and  physiologists.  The  presence  of 
this  body  in  the  bloody  id  urines  in  the  eye,  ill  amniotic  liquors, 
require*  cttudon  in  the  employment  of  violent  altentale 
currents. 

144»  The  appearances  which  I  have  described  equally  take 

{>la€e  In  the  aibumen  extracted  from  new*laid  eggs,  immersed 
or  some  hours  in  the  vapour  of  ssther.   They  appear  even 

to  be  developed  there  more  easily. 

145.  It  is  perhaps  well  to  add,  that  the  production  of  these 
bright  coruscations  indifTerendjron  the  two  electrodes  negatives 
any  explanation  founded  on  a  different  polarity  of  the  platina 
wires,  and  all  analogy  with  the  phsenomeua  investigated  by 
MM.  Uassiot*^  Haref}  and  Nee^.(. 

Oeoevi,  June  18, 1846. 


XLfL  On  eliminating  the  Signs  in  St  a  Reductions* 
Bjf  8.  M.  Daach,  FnR.A^ 

'Jo  the  Editors  of  the  Philosoj^hical  Ma  ^^a  nine  and  Journal, 
Gentlemen, 

THE  subject  of  this  jiaper  was  broached  by  the  Astro- 
nomer lioyal  in  the  Monthly  Notices  of  the  Royal  Astro- 
nomical Society  lor  JaiiUiijy  1S47.  I  beg  to  propose  the  fol- 
lowing extension,  elimiuatiiig  even  the  indices  of  the  logs,  em- 
ployed. 

Let    A-E-F,  B=F-Q,  C»G-ll,  D=?H-S; 
asse—pt  &C.  Afse^-i-j/  for  decl.,  or  ssj/—i^  ibr  N.  P.  Disty 
P»  h  y»  numerical  constants  afterwards  determined. 

Corr.  li.A.  =  X^a:^XEt-::.tV-'XEJ)  +  XVp: 
Corr.  N.P.D.=:2Aa'=2:E</-2:<?'P-2Ep'f  spy. 

Let  P-28-75,  Q=30-5,  11=1-35,  S=:20  (R. A.  given  in 

time). 

I.  Eight  ascension, 2*,  q^2,  r=30% 

♦  Archivet  de  f  Ekciricite,  vol.  iii.p.  240. 

t  fiHHiMH^s  Am^iniQ  Jonrnsl,  jMitiarjr  1841.  I  wcusilsd  Mfwal 

fttin  ago  in  melting  in  an  intormittcnt  tnaniuran  iron  wire  of  2""*  lUflOtttirt 
employed  as  a  iitiiativc  electrode  on  the  jurlace  of'  impure  mercury  iQ 
which  a  copper  wire  bound  to  tlie  positive  pole  is  imnjersed.  Twenty 
Dsnieiri  couples,  or  fbrty  «iRaUer  BomenX  raflfoe  Ibr^^ii  sepsrfmsat 
X  ^AmMw  dtf  Ammm  fMjftffMtt  W  Mfit^§lit$f  vol.  i.  yii^OL 
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{l+isec8«n*+U-^ 63-14.}  ^ 

+  S2»*937  ^  1  +  ^s*"  «  +  14«»  18»49«} 

-XE^s  -  S08>*S92  +  66»^4S2{  1  +  sin© +  4«°S2'4"} 


+  1-S2+{1+  sin  20  4-55*^  29'} 


+  30*S(l-/)  +  2l*254{l  +  sin  a  +  60'' 30' 44^'} 
H-0*«17{1  +  8in«0  ^SSS" 


(K.) 


Sum  =2Arf- SE€= -387''386  +  periodical  terms. 
II.  Nonh  Polar  Distance,  ;/=2,7'=2,  7^  =  30-5  5=2. 

SP//  -  VP  =  -  74"-84.9  + 1 2"-4 76  cos  8  +  4 1  "-9 1 2  ^ 

{1+ 8iD«»inii^8»»5»«T4i}  ^jfj 
+  S8*-»S7{  1  +  ain«+8*18«49»}J 

15 

Snm  «SAa— 2Ee=— 383"-24H-  periodical  terms. 

Now  if  we  add  to  (  J.)  and  (J'.j  the  constant  180,  and  to 
(K.)  the  constant  420  seconds,  there  will  be  only  positive 
quantities,  and  we  shall  have  merely  to  subtract  10"*  or  10' 
from  the  mean  place  i  the  corrections  being 

E=s28-75— 18-732 cos  O      tf=s2+  ^cosasec* 

€'b2— *434  cos  (  +  sin  «  mh 

Fs80*5— 20*420 sin  0      /se2+  sinasecS 

/'as2—cosa8in^ 
l0G=si3-5  +  10/— S'43sin8&c.  0*  1^=3-35706 +  0  1337sinatan5 

0*1^  s=3*05-  2*0055  GOS« 

H=20— 9-250cosa&c.  A=2+  —cos  « tan  8 

A'e=2+  8in« 

It  follows  that  the  index  of  the  first  set  in  logarithms  is 
constantly  unity^  and  that  of  the  third  set  constantly  tero^ 
permitting  the  omission  of  the  latter.  From  88^  S.  dec.  to 
88''  50'  iC  dec.  e^fy  gy  h  will  have  their  valaes  range  between 
1  and  10»  and  thar  indices  therefore  always  zero ;  these  may 
also  be  omitted.  Now  of  the  8377  British  Assodaticn  Ca- 
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talogue  stars^  only  sixteen  fall  out  of  this  category  ia  1850; 

Ura.  Mid.         4070,  4150,  4165,  efi81,  eaSO^  6999, 7184, 
Ocflnn,  71»  i878,  59S6,  5959^  6796,  7080^  7718,  8078; 
n  ■atwfiwloiy  resnllf  at  dim  pokr  aeginentt:=  Tryth  s  Hirytlki 
of  the  spherical  nirfiiee. 

With  my  ccmttantei  seten  of  those  sixteen  (8d8(^  4070, 
4180^  5986,  6881, 6880^  7718)  have  all  their  R.A.  coeffieienU 
positive,  tin  others  have  some  oegative.  Indeed,  near  the 
pole  the  annual  change  is  so  great,  as  to  render  grealir  coft- 
ttants  to  include  a  dozen  of  these  sixteen  needless. 

The  saving  in  tlie  above  8/?n2  stars  permits  an  additional 
column,  aIihou  <;h  five  fig,  logs,  are  required,  giving  a  result  as 
far  as  0^  01  or  0"*01. 

App.  R.A.  =  mean  R.A.  at  epoch  -f-  yearly  precession  + 
proper  motion  +  ephemeral  quaiuity. 

4-Ef'-f-F/+Gg  +  HA+  stellar  quantity  —10". 

App.  N.P.D.  =  similar  quantity  —  10', 

which  lO'  might  be  already  included  in  the  mean  place,  as  io 
the  planetary  tables.  The  ephemeral  ouantity  (depending  <m 
the  day  of  the  year)  is  the  same  io  R.A*  time-^econdi,  or 

N.P.D.  space-seconds. 

Possibly  these  bints  may  be  useful  before  reprinting  the 
British  Association  Catalogue. 

S.  M.  Drach. 

I^ondon,  Sept.  2,  1 847. 


XLIL  On  the  Molyhdatc  oj' Lead,    Bif  Mr.  John  Bhown*. 

MOLYBDATE  oflead  was  first  analysed  by  Klaprothf, 
who  proceeded  in  the  followinif  tnimner* — 
100  grains  of  the  mineral  finely  pounded  c  trcatud  with 
diluLo  liydrochloric  acid,  and  the  whole  of  the  silica  was  iluis 
separated.  Upon  cooling,  the  greater  part  of  the  chloride  of 
leail  was  deposited  in  fine  crystals.  The  clear  supernatant 
liquor  was  then  drawn  oilj  and  when  sufficiently  concentrated 
the  remaining  chloride  of  lead  was  deposited.  The  whole  of 
the  ebloride  was  then  earefuUy  collected  together,  dried  and 
weighed.  Its  weight  was  74*5  grs.  From  this  the  qoantigr 
of  oxide  of  lead  was  ascertained,  which  was  64*48  grs.  Every 
100  gruns  of  mdybdate  of  lead  eootain  therefore  64*48  gn. 
of  oxide  of  lead.  When  the  solution  had  thus  been  fireed  from 
kad,  it  was  conoentrated  by  evaporation.   Nitric  acid  was 

*  Retdbtfbrstbt  PhllcMophicml  Society  of  Glasgow,  April  28, 1847,  and 
commtmicsted  lij  Dr.  R.  D.  Tbomon. 
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iImii  added  to  die  adotlon,  whieh  immediately  baeama  of  a 

fine  blue  colour.  When  snfficiently  concentrated,  a  quantilgr 
of  molybdic  add  aeparaled.  The  sdotioQ  waa  theo  evapo- 

raicd  to  dryneis,  and  the  moljpbdic  acid  reotained  in  tha  Ma 
of  a  fine  citron-yellow  po«pdar»  wbioli  when  oomplelely  dried 

weighed  34*25  grs. 

The  constituents  therefore  of  100  parte  of  the  paratt  cry- 
stals of  Cai  inthlan  moiybdate  of  lead  are — 

Oxidn  nricnd    •    ,    6^-¥2       59'59"\corfec led  from  the 

Muiybdic  acid  .    .    31-'25        34'25j  chforicle. 

As  Klaproth  did  not  know  the  true  composition  ot  cliloride 
of  lead,  the  quantity  ot  PbO  piven  above  is  wrong.  Calcula- 
ting the  (|uaniity  of  oxide  froni  liie  quantity  of  chloride  winch 
he  oLitamcd,  we  get  59''>9  per  cent,  of  oxide  of  lead,  which  is 
very  near  the  theoretical  quantity,  or  60*57.  But  the  j^rcat 
error  is  in  the  molybdic  acid.  What  Klaproth  considered  as 
silica,  was  very  probably  molybdic  add,  us  that  acid  is  not 
entirely  soluble  in  hydrochloric  acid ;  and  as  he  apparentlv 
deducted  this  as  impurity,  he  <rets  too  little  molybclic  acid. 
He  also  does  not  mention  how  he  washed  out  Uie  molybdic 
acid  fhim  the  chloride  of  lead.  It  could  not  well  have  been 
done  with  water,  for  chloride  of  lead  is  soluble  to  a  great  ex« 
tent.    'Hiis  is  a  great  point  of  imperfection  in  the  analysis. 

II.  This  mineral  was  next  subjected  to  a  dose  examination 
by  Charles  Hatchett,  Esq.,  whose  analysis  is  recorded  in  the 
Philosophical  Transactions  (vol.  xviii.),  of  which  the  following 
is  a  summary  : — 

250  grs.  of  the  ore,  freed  from  as  much  impurity  n?  pos- 
sible, were  put  into  a  glass  flask,  and  digested  with  sulphuric 
acid  for  some  time  under  a  strong  heat.  When  the  solution 
cooled,  the  clear  lnjuoi'  was  ([i-au  ii  oil',  and  the  ^Icltial  sul- 
phate ui  itad  whslied  by  ^vub^.i^.icnce.  This  process  was  )  cpcatt.  d 
several  times.  The  acid  solutions  were  then  iilieicd,  and  tho 
filtered  liquid  neutralised  by  caustic  ammonia.  After  standing 
for  twenty-four  hoara  a  pale  yeUowisb-oolouied  precipitate  fcU 
dowo»  which  was  collected  an  a  filter^  waahed  and  dried  i  itt 
weight  waa  then  4*S0  grs.  It  bad  a  ydlowish  eolotiry  and 
when  dissolved  in  hydrochloric  acid  gave  a  bloe  preoipitata 
with  yellow  prussiale  of  potash. 

Part  of  the  clear  blue  solution,  which  was  compoaed  of  aal* 
phate  and  moiybdate  of  ammonia,  was  then  put  into  a  ttlBtt 
and  evaporated  down,  the  rest  of  the  solution  being  added  as 
the  liquid  in  the  retort  evaporated  ;  the  whole  was  then  dried 
and  strongly  heated.  In  this  manner  nil  the  sul|)hate  ot  am- 
monia was  driven  off,  whilst  the  niolvhJatc  of  nmmonin  wns 

decomposed  iato  mo^bdio  acid  and  ammou^  the  lormer 
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of  wbkb  renuuDod  io  the  retort:  the  niolybdic  add  then 
weighed  95  fpu  The  sulphate  of  lead  formerly  obtained  was 
then  treated  m  the  following  manner : — It  was  boiled  with  four 

ounces  of  carbonate  of  soda  in  solution  ;  the  powder  was  then 
washed,  and  nitric  acid  much  diluted  was  poured  on  it.  The 
whole  disiolved  except  a  small  quantity  of  silica,  which  was 
thrown  on  a  filter :  tnis  when  washed  and  dried  weighed  *7  gr. 
The  acid  was  then  exactly  neutralized  with  caustic  potash, 
which  precipitated  the  lead  as  oxide :  this,  when  washed  and 
dried,  weif^hcd  1 1 6  00  gr«. 

The  oxitle  of  lead  was  then  dissolved  in  nitric  acid,  and 
sulphuric  acid  was  added.  After  stauciing  for  some  time  the 
soiuiion  wab  iilteretl  and  the  fillered  licjuor  saturated  wiih 
Nil  ,  :  after  standing  for  some  time  a  small  quantity  of  per- 
oxiilc  of  iron  was  precipitated,  which  wiieu  lilicicU  and  dried 
weighed  1*0  gr.  This,  when  added  to  the  former  quantity  of 
peroxide  of  iron,  makes  the  quantity  5*2  grs.^  and  the  quantity 
of  oxide  of  lead  145  m. 

The  compositiofl  <n  250  grs,  of  molybdate  of  lead  is  there* 
fore — 

per  cent. 

Oxide  of  lead.  •  •  145*0  5a<00 
Molybdicadd  •  •  95^0  M<00 
Peroxide  of  iron  •  •  5*2  2*08 
Silica   -28 


245*9  98*36 

If  the  iron  and  silica  be  subtracted  as  impurities,  this  ana- 
lyMs  is  very  correct;  but  the  method  is  very  tedious  and  in- 
convenient, and  requires  very  great  care. 

III.  The  next  person  who  turned  his  attention  to  this 
mineral  was  Gobel"^. 

100  grs.  of  the  mineral  were  digested  with  dilate  hydro* 
chloric  acid  with  the  assistance  of  heat :  upon  ooolingt  the  lead 
was  deposited  in  the  form  of  chloride.  These  crystals  were 
then  collected  together  and  dried ;  the  weight  was  then  found 
to  be  72*5  grs.,  which  is  equivalent  to  59  gis.  of  oxide  of  lead* 
The  solution  freed  from  lead  was  evaporated  to  dryness :  when 
perfectly  dry  a  small  quantity  of  nitric  acid  was  added,  and 
the  solution  was  again  dried.  It  was  then  healed  to  redness 
in  a  close  vessel  and  weighed:  its  weight  was  thus  Ibund  tg 
be  40  5  grs. 

i  00  grains  contain  therefore — 
*  SchweiggePf  Jmumaijur  Chmic  und  FA^ti&,ii>h  xxxvii* 71t 


.  k)  i^  .d  by  Google 


256         Mr.  J.  Brown  ott  the  Moli^bdate  qf  JjboL 


Oxide  of  lead  .  .  59^ 
Molybdicadd  .   *  40-5 


^d^O^corrected  iioiD  the 
40*5J  chloride. 

98^ 


This  mediod  is  essentially  the  same  as  that  ased  by  KI^ 
roth«  The  result  however  is  much  nearer  the  troth.  OSmI 

howevergets  too  much  molybdic  add  and  too  little  oxide  of 
lead.  Tnis  was  probably  owing  to  some  of  the  chloride  of  lead 
not  being  obtained^  as  it  is  soluble  to  a  great  extent  in  water 
(1  in  152  of  water)'*';  and  the  analyst  does  not  state  how  he 
washed  the  chloride  of  lead  free  from  molybdic  acid. 

IV.  The  methods  hitherto  employed  being  liable  to  very 
great  objections,  the  mol^bdate  ot  lead  was  analysed  by  another 
method,  wliicli  had  proved  successful  in  the  bnncis  of  Mr. 
William  Parry  last  year  in  the  Glascrow  College  lal)oratory. 

26'84  grs.  of  the  mineral  finely  pounded  were  bi  ilod  for  a 
coiisideiable  time  with  nitric  acid  and  iiltcred.  The  unde- 
coinpoiiid  aiiueial,  along  with  a  (quantity  ol  niolybdic  acid, 
remained  on  the  filter.  This  was  then  completely  washed : 
ammonia  was  then  poured  into  the  filter.  The  molybdic  acid 
was  thus  dissolved,  and  the  instable  matter  lemmned  on 
the  filter ;  this  was  then  washed,  dried,  ignited  and  weighed. 
Tlie  weight  ofthe  insoluble  matter  in  96*84  grs*  was  t*15  gr. 

Hie  solution  contmning  the  molybdate  of  ammonia  was 
then  evaporated  to  dryness,  and  heated  to  redness  in  a  dose 
vessel.  The  greater  part  of  the  molybdic  add  was  thus  ob* 
tained.    Its  weight  was  6*76  grs. 

The  first  washings  from  the  moWbdicacid  and  the  insoluble 
matter  were  then  concentrated.  Caustic  ammonia  was  added 
in  order  to  neutralize  tlic  excess"  of  acid,  and  afterwards  sul- 
phohydret  of  ammonia  was  added  in  excess.  In  this  maimer 
the  lead  was  })recipitated  in  the  form  of  sidphuret,  while  tiie 
tei  siilphui  et  of  molybdenum  was  redissolved  in  excess,  giving 
the  suluiion  a  deep  red  colour.  The  siilphiii  et  of  It  ad  was 
then  till  own  on  a  likci,  and  washed  wiili  \vaicr  coiilauiing 
sulphohydret  of  ammonia.  When  compkuly  washed,  the 
sulphuret  of  lead  was  dissolved  in  muriatic  acid,  and  after 
boilinff  for  some  time  was  filtered  to  get  rid  of  the  sulphur. 
The  filtered  liquor  was  then  concentrated»  and  the  lead  pre* 
cipitated  bv  means  of  oxalate  of  ammonia.  The  predpitated 
oxalate  of  lead  was  then  thrown  on  a  filter,  washed  and  dried. 
By  ignition  the  oxalate  of  lead  was  converted  into  the  oxide; 

*  I  found  in  two  experiments  that  3%3  grs.  of  water  at  flO^  dissolved 
err  ?  r^rs.  Pb  CI  =  1  in  151,  aod  4^gri.  HO  diMolved  tl-^  grs.  Pb  CI  si 
111  ia4  ilO. 
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the  quantity  of  which  in  26*81  ^rs.  was  thus  found  to  be  16*20 
gw.,  which  is  equivalent  to  60*35  per  cent,  of  oxide  of  lead. 

The  next  thing  to  be  obtained  was  the  rest  of  the  molybdic 
acid.  Tfiis  was  contained  in  tlie  wasliings  from  the  sulphuret 
of  lead  111  till  form  ot  tersiilphiiret  of  molybi-lenum.  When 
the  solution  was  siinicicntly  concent!-nTe(),  it  wnsmade  slightly 
acid  by  means  of  nitric  acid  :  a  bro^\  ni>!i-coloured  precipitate 
fell  down,  wiilcli  is  lersuljiluireL  of  niolj^bilLMuiiii.  This  was 
then  thrown  on  a  filter  and  washed.  It  was  ilitii  lii  icti  ai  212 
and  weighed  :  its  weiglii  was  3*37  grs.  From  this  nnd  the 
previous  quantity  of  molybdic  acid  we  quantity  per  cent,  was 
calcnUned)  whicb  was  39*80  grs. 

AcGOfding  to  this  analysist  the  composition  of  molybdate  of 
lead  is^ 

Molybdic  acid  •  .  39*80 
Phiioxide  oflead  •  60*85 

99-65 

V.  In  the  course  of  the  precedinjr  nnnlysis  it  was  observed 
tiiat  tlie  snipliohydret  ot  nmmonia  cxct  cisi d  :i  powerful  solvent 
action  on  the  mineral  itself.  The  lollcnvinn-  new  metiiod  of 
successfully  analysing  this  mineral  was  iheretore  adopted. 

23-0  grs.,  after  being  reduced  to  a  very  fine  powder,  were 
digested  with  the  aid  of  heat  in  sulphonydret  of  ammonia. 
The  solution  became  immedialLly  ul  a  deep  red  colour, 
owin^  to  the  tersulphuret  of  molybdenum  which  was  held  in 
solation  by  the  sulpliohjdret  of  ammonia,  while  the  lead  was 
fHMpitated  as  sulphurety  and  fell  to  the  bottom  in  the  form 
of  a  black  powder.  The  dear  sopematant  liquor  was  then 
drawn  ofl,  and  a  fresh  portion  of  sulphohydret  of  ammonia 
was  added.  This,  after  standing  ibr  some  time,  was  thrown  on 
a  filter,  and  washed  with  water  containing  sulphohydret  of 
ammonia.  The  tersulphuret  of  molybdenum  passed  through 
in  solution,  while  the  sulphuret  of  lead  remained  on  tlie  filter. 
When  this  was  completely  washed  it  was  dissolved  in  dilute 
muriatic  acid,  which  took  up  the  sulphuret  of  lead  and  left 
the  undecomposed  matter  along  with  the  suipiiur.  Tliese 
were  then  thrown  on  a  filter  and  washed:  tlie  whole  was  then 
burnt.  The  sulphur  was  iliu-  driven  off,  while  the  insoluble 
matter  remained.  The  insoluble  matter  in  23  ^rs.  amounted 
to  *21-  gr.,  whilst  in  the  former  analysis  it  amounted  to  1*15 
in  23  grs. 

When  the  washings  from  the  sulphur  were  sufficiently  con- ' 
centratedf  the  lead  wasjprecipitated  bv  means  of  ammonia  and 
oxalate  of  ammonia.   The  oxalate  ot  lead  was  then  thrown 
on  a  filter  and  weighed.   The  quantity  of  oxide  of  lead  in 
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2'2'76  grs.  amouotad  to  ld*71  grB^t  which  is  cquivaieot  to  60*4< 

grs.  per  cent. 

The  next  point  was  to  precipitate  the  tersulpburet  of  mo- 
lybdenum. This  was  done  by  making  the  solution  in  sulpho- 
hydret  of  ammonia  slightly  acid  by  means  of  muriatic  acid. 
Tlie  tcrsulphuret  went  down  in  the  form  of  a  brownish-coloured 
precipitate.  This  was  then  thrown  on  a  filter,  dried,  ignited 
and  weighed.  Tlie  quantity  in  22*76  grs.  was  thus  foubd  lo 
be  9*91  gr8.»  which  ia  tqulvaknt  to  S9'18  par  cent  oCooljrb*' 
die  acid. 

Thi  oonadtimu  ibmforo  of  ndlybdtte  of  iitd  Meofdiiy 

to  this  analysis  are — 

Molvbdio  aeid  •  .  80*19 
Lead  protoxide  .   .  60*28 

99-42 

Phosphates  and  arseniates  of  lead  were  decom}iosed  in  the 
same  manner;  and  it  is  evident  this  process  would  aUo  answer 
with  antimoniates,  vaiiadiules  and  seleniets. 


60-87 

Molybdic  acid  ... 
Protoxide  nf lend 
Peroxide  of  irua 

51>-59 
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Note  bjf  Dr.     D.  THOiiaov. 

Test  for  Aneniaieff  — I  raajr  notice  a  simple  and  qiiidc 
method  of  testing  minerals  contaittin|;  arsenic  m  Its  wloin 
forms,  (ihosphates,  molybdates,  vanadiates,  frc.  A  ftw  graioi 
of  the  mineral  to  be  examined  are  to  be  finely  pulverizedin  an 
agate  mortar  and  introduced  into  a  test-tnbe^  and  boiled  with 
bisulphohvdret  of  ammonia  for  a  few  minutes.  The  mineral  is 
partially  decomposed ;  the  sulphuret  of  lead  precipitates,  while 
siilphuret  of  arsenic,  &c.  is  dissolved  by  the  excess  of  the  re- 
agent. Tlie  tube  is  then  allowed  to  stand  at  rest,  and  the 
supernatant  liqnor  poured  off  or  filtered.  The  excess  of  bi- 
sulphohydret  of  ammonia  being  removed  by  evaporation,  the 
yellow  sulphuret  of  arsenic  precipitates.     A  molybdatc  is 

•  In  these  nn  ilyse^  ihc  lend  od1>  wai  BscertuDtd^  sod  the  deficteimf 
was  taken  as  uioiybdic  acid. 

Tht  two  Imk  MwijrMt  were  made  by  nesM  of  nilplMliydfel  efsuiBOsiiy 
the  thfM  pceoidiag  by  nilfie  add. 
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ddMlad  aft  mm  by  the  fine  anofjp-^ed  colour  which  the  re- 
Mrames  wmn  it  is  heated  in  contact  with  that  mioml. 

A  vanadiate  gives  a  dark  colour,  but  possessing  less  of  the 
vet]  shade  than  the  molybtlatc.  The  liquor  filtered  from  the 
sulphuret  of  lead  containing  ilie  vanaiiiuni  in  solution  has  a 
green  colour,  becoming  blue  by  the  addition  of  hydrochloric 
acid.  Hence  it  appears  that  arsenic  dis>(4ved  in  biaulpiiuiiy- 
dret  of  ammonia  ducb  nut  alter  the  colour  of  that  reagent,  while 
the  iiijuor  gives  a  precipitate  of  orpiuient  by  concentration. 
Molybdenum  and  vanadiuniy  on  the  other  hand,  reader  that 
reagent  reddish,  and  give  brown  precipitates  by  concentration. 
The  liquor  filtered  nrom  the  sulphuret  of  molybdeoum  is 
oolouriess,  or  iu  hoe  ia  similar  to  that  of  the  rei^^ent,  while 
the  liquor  derived  from  the  Tanediom  precipitate  is  grwn* 

I  have  succeeded  Id  decomposing  a  Buffident  amount  of 
these  minerals  ibr  qnantitative  analysis  by  the  preoedin  i!  pro* 
cess  when  the^  have  been  carefully  pounded  and  iievigated. 
The  process  1^  particularly  advantageous  in  the  analysis  of 
molybdate  of  lead^  where  the  use  of  nitric  acid  for  dissolving 
the  mineral  is  objectionable  in  consequence  of  its  tendency  to 
form  the  molvbdate  of  nK^lvbdenum,  and  where  hydrochloric 
acid,  by  prociucmg  a  chloride  of  lead,  renders  the  employment 
of  an  inconvenient  quantity  of  water  necessary.  I  have  louud 
this  process  for  testing  very  convenieui  w  liere  it  was  desirable 
to  use  minute  quantities  ol  crystals,  and  where  rapidity  is  an 
object  ill  view,  as  in  examining  a  large  collection  of  inineiaU 
of  the  preceding  description ;  and  I  mention  it  for  the  sake  of 
those  who  may  possess  in  their  cabinets  minerals  of  this  nature 
which  tiiey  may  desire  to  test,  since  it  may  be  found  a  use- 
ful adjunct  to  the  blowpipe  test. 

The  bisulphohydret  afibrds  a  simple  distinguishing  test 
between  metallic  arsenic  and  antimonji  when  spots  have  been 
received  on  porcelain  by  Marsh's  process.  Arsenic  dissolves 
in  the  reagent»  and  leaves  a  yellow  stsin  by  evaporation.  An* 
timony  dissolves  and  leaves  an  orange  stain.  For  this  expe- 
riment it  is  convenient  to  use  the  inside  of  the  cover  of  a 
porcelain  crucible. 


X LI  1 1.  On  Fossil  Calamites  found  standing  in  an  erect  position 
in  the  Carbonifermu  ^trmta  near  Wigau^  Ikuwukir£»  By  £• 

W.  BiNNEY*.  • 

THE  fragmentary  condition  of  the  great  bulk  of  fossil 
plants  found  imbedded  in  the  coal  mcnsnres  has  led  nTnny 
geologists  to  suppose  that  they  had  been  dritted  from  adjoui- 

•  Reafl  bcforp  &c  Literary  and  Philosophical  Society  of  Manchester, 
July  6,  lb47,  and  cuiumunic»ted  by  the  Author. 
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iDg  lands,  and  had  not  crown  in  the  position  in  which  they 
are  now  found.  But  alttiongh  it  is  certain  that  plants  whicn 
have  been  drilled  by  water  generally  present  a  broken  appear 
ance,  it  is  equally  true  that  plants  grown  upon  the  spots  where 

they  are  now  found,  having  been  laid  low  by  the  action  of 
currents  of  water,  or  xveighed  down  and  buried  by  the  weight 
of  mud  or  silt  thai  had  fallen  upon  them,  aff  ord  similar  ap- 
pearances, so  that  great  care  must  be  tnken  berore  we  concluue 
that  a  plant  has  not  grown  on  the  place  where  it  is  now  louud 
mereiy  because  wc  find  it  in  fragments. 

A  few  years  ago  llie  wlioie  of  the  fossil  flora  was  geneiullv 
supposed  to  have  been  drifted.  Tlie  first  plant  that  was  ex- 
cepted from  this  rule  and  recovered  its  pro|)er  place  was  the 
Stigmaria,  whose  long  stringy  rootlets  prevented  it  from  beiiig 
so  oonTenienil}  drifted  by  carrents  as  the  advocates  of  the 
drift  hypothesis  could  desire ;  therefore  It  was  allowed  Cohsfe 
grown  where  it  is  found. 

When  numbers  of  Sigillariss  were  found  standing  erect  on 
seams  of  coaly  and  their  roots  had  not  been  traced  to  their 
extremities,  it  was  at  first  attempted  to  refer  them  to  accident 
like  the  snags  now  found  in  the  Mississippi  and  other  rivers. 
However,  a  more  careful  observation  or  these  fossils,  and  the 
great  number  in  which  they  were  found,  at  length  induced 
grologisls  to  admit  that  they  must  have  o;rown  wliere  tliey 
are  now  met  with.  The  discovery  of  the  trees  at  Dixon  Fold 
on  the  Manclicstcr  and  Hoi  ton  Railway  by  Mr.  John  Hawk- 
sliaw,  F.G.S.,  and  so  ably  described  by  the  late  Mr.  Bownian, 
F.G.S.,  in  llie  iirst  volume  of  the  ri  aiisactions  ot  the  Man- 
chester Geological  Society,  mainly  contributed  to  establisb 
this  vieW|  whicn  has  been  since  elearlT  proved  by  thecertaia^ 
that  Stigmarias  are  the  roots  of  SigillarisB^  as  the  ibssil  treei 
of  St.  Helens  and  Dukinfield  testify. 

As  yety  however,  Sigillaria  was  the  only  tree  that  to  any 
extent  could  he  said  to  have  been  discovered  /;/  sHu, 

In  the  present  communication,  it  is  intended  to  show  that 
Calamites  have  been  found  standing  erect  on  the  places  in 
which  they  grew  by  the  side  of  Sigillariae,  and  that  the  root- 
lets of  the  former  very  much  resemble^  if  they  are  not  ideatjcsl 
with,  those  of  the  latter  plant. 

The  rootlets  of  Calamites  have  been  very  correctly  figured 
and  described  by  Messrs.  Liniiley  and  Mutton  in  vol.  i.  pp.  78 
and  79  of  their  Fossil  Flora  ol  Great  Britain  j  but  it  is  believed 
by  the  writer  that  although  nuaibers  of  erect  Calamites  have 
been  observed  in  the  coal-measures,  still  none  ui  ihein  to  his 
knowled^  have  been  described  with  their  roots  standing  in 
the  position  in  which  they  had  grown. 
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DuriDg  an  examinaliofi  of  the  deep,  excavationt  through 
the  coal<-iDea8ares  made  in  fonning  the  Bury  and  Liverpool 
Railway  io  the  vidniOr  of  Wigan,  I  was  so  fortunate  as  to 
dbcover  on  the  9ist  day  of  April  last^  io  the  Pemberton  Hill 
cutting  about  two  miles  west  of  Wigan,  not  only  a  whole  forest 
of  Sigillaris  standing  erect  with  their  roots  just  as  they  hnd 
growni  hut  abo  many  Calamites  in  a  similar  state  of  perfec- 
tion. 

The  accompanying  wooiJcut,  1,  reprcseiuing  a  vic-w  ut 
the  ^()lllh  side  of  the  railway  cutting,  will  show  the  position 
ill  wiiich  the  fossils  occurred,  ftlthough  it  is  on  aa  c  xuggtrattd 
scale,  and  the  characlerii  ot  tiie  trees  are  not  given. 


Fig.  1. 


The  excavation  in  which  the  fo^-^ils  were  met  with  is  about 
tweuty-five  feet  deep,  and  cniiM^ts  cliiefly  of  a  light  gray- 
coloured  silly  clay  known  by  ihc  ])rovincial  name  of"  Warren," 
containing  nodules  of  ironstone.  This  deposit  is  very  similar 
in  composition  to  the  strata  in  which  the  fossil  trees  at  St. 
Helens  and  Dnkmfield  before  described  were  found.  It  lies 
between  two  l)eds  of  coal  each  about  two  feet  in  thickness,  and 
occupies  a  position  in  the  higher  part  of  the  middle  division 
of  the  Lancashire  coal<fieJci.  The  upper  seam'  of  coal  Is 
covered,  and  in  some  places  partly  removed,  by  a  deposit  of 
one  or  two  yards  in  thickness  of  till.  Near  the  bridge  is  seen 
a  flexure  in  the  strata,  as  shown  in  the  woodcut. 

In  Mr.  Haliburton's  section  at  Haigli  (vol.  vi.  New  Series, 
of  Manchester  Memoirs,  p.  ^'M,  Ueninrks  on  the  Coal  District 
of  South  Lancaslure,  by  James  Hey  wood,  Esq.,  F.H,S.),  occur 
the  following  strata : — 
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jMnfau  ftf  is* 

Depth  from  the  surface  ....  10  0  0 
Coal  which  bnnu  to  a  white  aab    .10  6 


Interval  800 

Coal  (Wigao  yard  coal)  «   *   ,   •   0   2  6 

Interval     •  ,  16    0  0 

Coal  02G 

Interval  24    0  0 

Coal  (Wigan  iuur-ieet  coal)  ...    1  10 

Interval   32    0  0 

Coal  (Wiiraii  seven- feet  coal)     ..21  0 


I'he  interval  ol  eight  yards  h  in  my  opinion  the  deposit  in 
which  the  fossil  trec^  were  met  with. 

In  a  distance  of  about  fifty  yards  of  the  cutting,  on  my  first 
visit  to  the  place,  I  observed  lull  thirty  upright  stems  of  SigiU 
lariae,  besides  several  flattened  ones  lying  in  a  horixoDtal  post* 
tion.  These  trees  exhibited  no  evidence  of  their  former  stmo* 
ture^  being  mere  casts,  bavinff  their  insides  filled  with  a  similar 
material  to  the  matrix  in  which  they  were  found  imbedded. 
Their  outsides  consisted  of  a  coating  of  bright  coal  of  about  a 
quarter  of  an  inch  in  thickness,  and  were  ribbed  and  formed 
as  SigiUarise  usually  are.  In  diameter  they  varied  from  one 
to  three  feet:  their  heights  ranged  from  two  to  twelve  feet; 
but,  with  one  exception  of  a  stem  with  another  lying  directly 
across  it,  mmo.  of  tliem  could  be  ti-p.ced  to  their  termination 
upwards.  Some  of  them  rested  \\\\\\  tlu  ir  stem*^  on  the  top  of 
the  lower  seam  of  coal  ;  others  had  ilieir  roots  mitiway  between 
the  two  senms;  and  others  again  were  found  just  under  and 
in  tlie  door  ol  the  U|)j)er  scam.  Most  of  the  trees,  whicli  on 
exposure  retained  their  coaly  envelope,  presented  the  irregu- 
larly ribbed  and  furrowed  appearance  which  the  DiXon  Fold 
and  St.  Helen's  trees  exhibited,  and  which  some  ideologists 
contend  are  not  sufficient  to  identify  them  with  SigillarisB; 
but  six  specimens  were  decorticated,  and  showed  weindefioed 
scars  and  all  the  other  characters  of  SigiUaria  rmybrmis^ 
altemans  and  organwn.  All  the  upright  trees  had  raoti  ^ 
Stigmaria  mith  their  rootlets  traversing  the  nltjf  dmf  in  aU 
directions* 

Many  stems  of  Calamitei  were  found  standing  erect  amongst 

the  last'described  trees,  some  of  which  were  traced  four  and 
five  feet  in  height  without  reaching  their  tops.    These  stems 

varied  in  diameter  from  one  to  five  inches:  they  showed  no 
structure  internally,  bein<jf  mere  casts  filled  with  silty  clay  and 
having  a  coaly  envelope  of  about  one-sixth  of  an  inch  in  thick- 
aeaSf  which  qu  being  removed  exposed  the  iibbed  character 
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and  vtaal  joints  of  thu  genus  of  plants.   AU  those  which 
eoiild  be  traced  downwards  exhibited  rootlets  proceeding  from 
the  lower  joints,  less  in  size,  but  reiembling  those  of  Stigmariae. 
One  of  the  erect  Catamites  was  traced  for  about  two  feet 

upwards,  and  then  at  first  sight  appeared  to  tenniimte;  hut 
oil  more  cnrefn!  inspection  it  could  be  traced  runumg  in  a 
horizontal  (liiccLiun,  but  so  much  compressed  as  to  remaia 
unseen  without  very  close  observation. 

The  erect  stein>  both  of  undoubted  8igillari;c  and  trees 
which  diii  not  exbibii  ail  the  characters  of  Sigillariac  as  well 
as  those  of  Calamites,  occurred  in  all  parts  of  the  deposit  lyf 
silty  clay,  from  the  top  of  the  lower  seam  to  the  floor  of  the 
upper  one. 

In  the  deposit  where  the  trees  occurred  were  found  plants 
of  the  genera  Neuropteris,  Pecopteris,  Sphenopteris,  CyclcH 
pteris,  Odontopterlsi  AsterophjlliteSy  Pinnularia,  Lepidoden- 
dron,  Lepidophylluniy  LepidostrobuSy  Lycopodite^  Spheno- 

pbyllum,  &c. 

Having  thus  given  a  hasty  sketch  of  the  locality  where  the 
fossils  occurred,  and  the  fossils  themselves  as  they  appeared 
to  me  on  my  first  visit  to  the  place,  I  shall  proceed  to  describe 
some  erect  stt  ins  of  Calamity-,  which  are  intended  to  form 
the  chief  subjiU  of  this  ct^nimunicntion.  These  trees  were 
not  only  seen  by  my  sell,  but  by  Dr.  J.  Hooker  and  M.  Jobcrt, 
two  well-known  geologisU ;  and  it  is  to  the  latter  gentleman 
that  I  am  indebted  for  ihe  drawings  which  accompany  this 
paper. 

On  the  99nd  of  May  last»  in  company  with  the  above-named 
gentiemen,  I  again  visited  the  Pemberton  Hill  cutting*  Many 
erect  specimens  of  Calamites,  both  with  and  without  roots,  had 
been  seen  on  my  previoos  visits  to  the  place ;  but  the  three 

which  it  is  now  my  intention  to  describe  exhibited  the  lower 
terminations,  and  more  distinctly  showed  the  rootlets  than  the 
other  specimens. 

The  three  fossils  marked  Nos.  1,  '2  and  ii,  in  the  rough 
sketch  before  *Tive»i,  and  No.  4,  an  individual  examined  by  me 
on  a  }3i\  violin  vi  iL,  occurred  in  the  excavation  on  the  south 
side  o\  the  uuivvay.  They  were  all  luuuU  i>liuulitig  m  an  erect 
position  about  two  yards  distant  from  each  other^  having  their 
ms»  as  ftr  as  bared,  two  yards  under  the  upper  seam  m  cbaL 
Toej  were  each  exposed  Irom  twenty  inches  to  two  feet,  and 
all  presented  the  same  external  characters  with  regard  to  their 
sMs»  jointsi  and  rooUetSy  and  most  resembled  the  Qdamitm 
apvTOximatus, 

The  description  of  No.  1  will  serve  for  the  other  twoi 
This  qiecimen  appealed  standing  in  the  silty  clay  in  a  nearly 
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erect  pondoDy  with  the  exceptioo  of  a  slight  bend  intts  oppei 
party  as  shown  m  the  drawing.  It  was  almost  cylindrieal^  and 
measured  twenty-one  inches  from  the  baae  to  its  highest  part^ 
which  was  exposed.  Its  greatest  diameter,  which  occurred 
near  the  top,  was  one  and  a  half  inches;  it  then  tapered 
slightly  towards  the  bottom,  and  terminated  in  a  club-shaped 
end.  I'lie  exterior  was  covered  with  a  coatinnr  of  fine  coal  of 
about  one-eighth  of  an  inch  in  thickness,  whirh  on  being  re- 
moved exposed  the  usual  ribs,  furrows  and  juials,  cii  iracter- 
istic  of  Calamites.  The  interior  hhowed  no  trace  of  slriu  i  m  e, 
being  composed  ul  die  same  kind  oi  bilty  clay  us  the  muinx 
in  which  the  fossil  was  found. 

The  following  is  a  sketch  of  No.  1  as  it  appeared  in  thecat> 
ling,  one<«ighth  the  natural  size  of  the  fossil.  The  upper 
part  had  been  removed  before  we  saw  the  specimen. 

ITie  joints  or  nodi  were  pj^  o, 

ten  in  number,  and  occur- 
red at  irregular  distances, 
but  nearer  togetlier  at  the 
upper  and  lower  extremi- 
ties than  in  the  middle  of 
the  fossil. 

At  the  joints  small  cir- 
cular  depressions  were  seen, 
from  which  proceeded  root- 
lets. These  could  be  traced 
from  eifiht  tu  eleven  inches 
in  length  withoat  reaching 
their  terminations.  Th^ 
went  down  into  the  silty 
day,  the  hisber  ones  ma- 
king an  angle  of  about  15^ 
with  the  horizon ;  but  the 
angle  gradually  increased 
as  they  went  lower,  until 
they  at  last  described  an 
an^le  of  about  45^. 

The  rootlets  appeared  to  have  been  origintdiy  tylindiical 
and  abuui  ojie-ei^duli  4it  an  inch  in  diameter;  but  ihey  were 
now  compresicd,  and  their  ouLsitles  coveretl  with  a  thiu  coatc 
ing  of  carbonaceous  matter.  On  a  careful  removal  of  the 
outude  a  delioite  longitudinal  stria  could  be  perceived  on  the 
rootlets;  there  also  appeared  something  like  a  pith  in  their 
middle. 

Altcwather  the  rootlets  could  not  be  wdl  distinguished  iiom 
those  or  Stigmarhu  They  alto  appoaiid  (o  oone  ftom  the 
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stems  in  something  like  quincuncial  order,  like  the  rootlets  of 
the  last-naroei  pUint;  bulof  tblscircumstaiice  1  cannot  spenk 
with  absolute  oertatntjr* 

The  specimen  No.  4  differed  from  the  other  three  only  in 
its  base,  which  did  not  terminate  in  the  same  club-shaped 
extremity  which  they  did ;  but  after  the  joints  had  gradually 
approximated  it  turned  inwards,  and  it  could  not  then  be  seen 
whether  it  ended  or  was  inserted  into  some  other  stem* 

In  addition  to  the  above  there  were  many  Calamites,  both 
in  erect,  inclined,  and  horizontal  positions,  but  no  leaves  or 
branches  were  satisfactorily  traced  to  them. 

In  the  course  of  liis  cxrunination  of  upright  stems  ol  Sigil- 
lariae  in  the  coal-inea;?uies,  the  writer  has  nearly  always  found 
Calamites  associated  with  them.  At  St.  Helens  tliey  were 
abundant,  and  their  bases  were  found  in  contact  with  the 
main  roots  of  SigiUarise.  One  of  tlie  authors  of  the  Fossil 
Flora,  Mr.  Hutton,  in  describing  the  Burdiehouse  fossils  at 
page  24,  vol.  iii.  of  that  work,  states  as  follows :  Amongst 
vegetables,  the  characteristic  fossils  of  this  deposit  are  Lepi* 
dostrobi,  Lepidophyllites,  Lepidodendra,  and  Filicites;  the 
rarity  of  Calamites,  which  occur  but  seldom,  and  of  a  dimi- 
nutive size,  and  the  almost  entire  absence  of  Stirrmnria,  are 
very  striking  to  those  who  are  accustomed  to  view  the  fossil 
groups  usually  presented  by  ilic  beds  of  the  carboniferous 
formation;  whilst  the  proiusicii  of  Lepidostrobi  and  Lepido- 
phyllites of  various  sizes  and  \n  various  stages  of  owth  asso- 
ciated with  liie  stems  of  Lepidodeudra  and  those  of  no  other 
plant,  is  an  additional  argument  for  the  opinion  which  has 
always  appeared  highly  probable^  that  they  were  the  fruity 
leaves  and  stem  of  the  same  tribe  of  plants.  Of  Sigiilaria,  a 
plant  which  in  the  flora  of  the  carboniferous  group  generally 
18  of  so  much  importance,  we  could  not  observe  a  trace." 

In  the  course  of  his  own  observations,  the  writer  has  never 
yet  been  able  to  meet  with  a  stem  of  Sigiilaria  of  so  small  a 
size  as  six  inches  in  diameter,  or  a  Calamites  ofso  large  a  size 
as  that.  Doubtless  there  must  have  been  young  Sigiilaria? 
whether  or  not  there  were  Inrne  Cnlamites.  Now  w  hat  are 
young  SigiUarise?  This  is  a  question  which  yet  remams  to 
be  au^,wered. 

It  is  now  admitted  that  little  is  known  about  the  true  luuure 
of  the  iici  lera  Sigiilaria  and  Calamites,  except  that  they  were 
not  the  hollow  succulent  stems  which  they  were  once  supposed 
to  be. 

The  rootlets  of  Calamites,  as  previously  shown,  if  not  actu- 
ally identical  with,  at  least  verv  much  resemble  those  of  Sigii- 
laria.  In  some  specimens  of  this  latter  genus,  especially  those 
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of  the  species  appnmmaius,^gartiA  anddeteribedinpkte2]6» 
vol.  ill  of  the  Fostil  Flora,  and  the  cruciatm^  fignred  in  plite 
19  of  Brongniart's  Histmre  des  Vig4tam  Fosnles,  their  roo^ 
lets  are  arranged  in  regular  auincuncial  order.  In  the  largest 
Odainites  that  to  my  knowledge  has  been  figured^  nametj) 
that  called  Gigas,  plate  27  in  Brongniart's  work  before  alluded 
to,  the  ribs  and  furrows  begin  to  appear  very  like  those  of 
Sigiilaria,  and  the  joints  show  indistinctly,  'i  he  termination 
of  the  root  of  n  Calamites  is  exactly  of  the  same  form  as  the 
terminal  point  of  a  Stigmaria,  both  being  club-shaped. 

I  am  not  aware  that  up  to  the  present  time  much,  if  any- 
thing, is  known  oi  the  structure  of  Calamites ;  but  if  it  .should 
resemble  that  of  Sigillaria,  it  may  tend  to  prove  that  Calamites 
are  but  young  Sigiilarta. 

In  onr  obMrvations  it  must  not  however  be  lost  sight  of 
that  no  central  axis  or  pith  has  to  my  knowledge  yet  been 
discovered  in  the  stem  of  the  Catamites  like  that  found  in  Si- 
gillaria. Both  plants  are  proved  to  have  had  similar  hahitaU% 
and  therefore  it  is  very  probable  that  they  might  have  had 
rootlets  resembling  each  other  without  being  the  same  plant. 
Still,  however,  as  vS?«rillaria  was  so  lotif?  considered  a  separate 
plant  from  Stigmaria,  it  is  unphilosophical  u>  take  no  notice 
of  the  analogies  of  what  are  now  ^on^Hlcl'ed  distinct  genera. 
Although  it  will  not  by  any  means  be  sale  to  affirm  that  Sigil- 
Jai  iii  aiul  Calumites  are  the  same  plant  from  their  analogies, 
still  it  is  conceived  that  sufHcient  evidence  has  been  adduced 
in  this  paper  to  prove  that  the  latter  as  well  as  the  former 
plants  nave  generally  grown  on  the  places  where  they  are 
now  found,  and  that  the  reason  why  one  is  so  much  more  fre* 
quentiy  found  in  an  erect  position  than  the  other,  arises  fipom 
the  dreumstance  of  the  stem  of  the  one  being  much  stronger 
than  that  of  the  other.  A  deposit  of  mud  on  the  branches 
and  leaves  of  the  slender  stem  of  a  Calamites  might  weigh  it 
down  and  prostrate  it,  whilst  the  stout  trunk  of  the  Sigillaria 
would  resist  such  action  and  continue  erect. 


XLIV.  Upon  the  Chemical  Comtilation  of  Mdaeetonic  Acidy 
and  some  othei^  Hoifies  related  to  it.  By  K.  Frankland, 
Esq,  and  H.  KoLiiK,  Ph.D.* 

npHE  researches  into  the  constitution  of  organic  compounds 
certainly  bclono;  to  the  most  interestinj?  in  cheniistrv. 
But  they  arc  always  attended  with  more  or  less  danger,  and 
those  who,  leaving  the  safer  road  of  experiment,  plunge  into 
the  depths  of  hypothesis,  and  build  up  theories  apparently 

•  Coouaaaicsted  by  the  Cbsmical  Society;  having  been  read  April  19, 
1847. 
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ingenious,  though  often  untenable,  frequently  stumble  and 
fall  amongst  a  host  of  contradictions.  It  is  a  common  error, 
as  experience  teaches,  into  which  young  chemists  are  very  apt 
to  fall,  that,  persuaded  of  the  iufallibility  of  their  own  views, 
and  blind  to  well-founded  objections,  they  endeavour  to  con* 
vinot  by  qmd^  and  ready  argument  rallicr  than  by  aoMd  Mr- 
aoning,  and  oons^uently  they  eitbcr  oSBmA.  ottiera  or  ftd 
ihmnmhm  oflbndaa  when  contradicted. 

When  in  the  hot  of  tine  danger  we  endeavour  to  adfanoe 
views  concerning  the  rational  compoeitba  of  aome  organie 
acids  which  do  not  accord  with  those  generally  received,  we 
do  it  with  a  oertain  degree  of  tinidityy  and  with  the  most 
strenuous  endeavour  to  avoid  those  causes  of  error  which  have 
been  pointed  out.  It  is  far  from  our  intrntio!!  to  irive  a  de- 
cided preferencf*  to  tlic  mode  of  viewing  the  subject  liere  pro- 
posed, or  indeed  in  any  way  to  force  our  own  opinion,  nor 
is  it  unknown  to  us  that  even  these  views  leave  many  facts 
unexplained;  but  we  feel  convinced  that  no  ditrniK  at  can 
accrue  to  the  progress  of  science  by  lut>kiujj;  at  isubjects  of 
such  importance  with  uu  impartial  eye  from  all  possible  sides. 

Tbe  starting-point  of  our  experiments  was  the  idea  recently 
•xpreaaed  bj  Berselia%  that  aoetio  add  might  be  ooneidered 
as  a  eonjtigate  oxalic  add^  aa  inetiijl-osalie  add»  C«  H.  O,. 
If  thia  view  of  the  subjeot,  mMoh  explaina  ao  nndify  the  con- 
version of  acetic  add  into  chloracetic  acid,  and  tbe  remark* 
able  reconvenion  of  the  latter  into  the  fonner,  and  which  haa 
been  further  confirmed  by  the  analogous  relations  of  chloro- 
carbohyposulphuric  acid  and  methyl-hyposulphuric  acid,  is 
correct,  then  the  question  arises  whether  it  might  not  be  ex- 
tended to  tho^r  other  acids,  so  nearly  related  to  acetic  acid, 
namely,  formic  acid,  raetacctonic  acid,  butyric  m-'nl,  benzoic 
acid,  ^c.  We  arc  of  opinion  that  this  (jm  -tion  cannot  //  pri' 
ori  be  answered  in  the  negative ;  on  the  contrary,  it  appeared 
to  us,  after  pursuing  the  subject  further  i'mm  that  point  of 
view,  that  the  maiiitold  metamorphoses  wliich  the  aljove 
combinations  undergo  might  be  explained  in  a  very  simple 
manner,  and  we  consequently  have  submitted  tbe  question  to 
careful  experimental  examination;  and  we  believe  that  we 
have  gained  a  fiu;t  in  support  of  the  theory  of  conjugate  com- 
pouncu  in  its  application  to  the  adds  in  question,  by  the  ac- 
tion which  cyanide  of  ethyle  exhibits  with  alkalies  and  acids. 

When  benzoic  acid  is  supposed  to  consist  of  oxalic  add 
with  the  carburetted  hydrogen,  Cu  (phenyle),  as  a  con- 
junct, then  it  is  evident  that  bensoe-nitrile  obtained  1^  Feb- 
ling'^  in  distilling  benzoate  of  ammonia,  must  be  a  cyanogm 

*  LitiHg's  ^MM^  aiix.  ft 
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compound  of  the  same  caibG-h}  drogen  =  Ci2  Cy.  This 
mode  of  dccoinpositiou  of  phenvle-oxalic  acid  becomes  thus 
completely  analogous  to  the  welUknown  formation  of  cjano> 
gen  oy  besting  oxalate  of  ammonia^  and  to  the  formation  of 
hydroi^anie  acid  from  the  Ibrmiate  of  ammonia. 

Benzoe-mtril^  viewed  as  cyanide  of  phenyle^  would  then, 
together  with  the  analogous  body  recently  discovered  by 
Schheper*,  valero-nitrile  (Cg  Cy,  cyanide  of  valyle),  b^ 
come  allied  to  cyanide  of  ethyle;  and  as  these  bodies  in  contact 
trith  alkalies  are  so  easily  transformed  into  benzoic  acid  and 
valerianic  acid,  it  is  to  be  presumed  that  cyanide  of  ethyle 
under  similar  circumstances  would  become  trai^ocmed  into 
ammonia  and  uietiKctonic  arid. 

We  prepared  tor  this  purpose  pure  cyanide  of  ethyle,  ac- 
cording^ to  the  process  of  Pelouze,  by  the  distillatiou  of  sul- 
phoviiiate  of  potash  with  cyanide  of  potasRiinn.  The  yeHow- 
colourcd  liquid  which  passes  ovei'f  was  mixed  witli  waicr, 
and  separated  again  by  chloride  of  sodium^  dried  over  chlo* 
ride  of  calcium,  and  lastly  distilled  in  a  bent  tube  fieed 
air  and  hannetically  sealed.  Purified  in  this  manner  cyanide 
of  ethyle  is  a  limpid  colourleea  liquid,  lumog  an  odour  mudi 
nesembling  that  of  the  terrible  cacodyle.  The  analysis  of  the 
snbstance  gave  the  following  numbers 

0*219  grm.  gave  0*533  gnu*  of  carbonic  acid  and  0*186  gmu 
of  water*  Tbeoty. 

Carbon  .  .  65*19  6  65*45 
Hydrogen  •  9*46  5  9*09 
Nitrogen*  .   25*35         1  25*46 

To  settle  the  question  started  above,  this  cyanide  of  etliyte 
was  added  drop  by  drop  to  a  tolerably  concentrated  boiling 
solution  of  caustic  potash^  and  the  product  of  distillation  re- 
turned to  the  retort  as  long  as  it  retained  any  smelL  Duriqg 
this  operation  a  considerable  fiortion  of  ammonia  was  given 
off.  The  alkaline  residue  diiiilled  with  8ul|phuric  add  pro- 
duced an  acid  liquid,  which,  neutaralized  with  carbonate  of 
silver,  baryta,  or  lead,  gave  the  corresponding  salts  of  those 
bases.  We  had  previously  satiisfied  ourselves,  by  a  carefully 
conducted  experiment^  that  no  formic  acid  was  present  in 
the  acid  solution. 

The  silvrr  salt  crystallizes  from  its  aqueou«  solution  in 
small  acicular  prisms.   It  is  spariugly  soluble  in  water,  ttud 

*  AnnaUn  der  CAeinie,  Ux.  p.  15, 

t  Wfl  fonnd,  io  eontrailietion  to  Pelcmse't  ttatement,  Att  cyanide  «f 
feUiyle  ii  tolerably  w»loUe  iD  water;  l)iit  when  the  solution  is  gaturslid  widi 
commoii  Mlty  it  agsia  MpsralM  nnohaQg^d  and  moms  to  the  niifiMe. 
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the  sdhiiion  beoomes  blftckened  on  boiling.  The  eiyitalB  dried 
over  tnilphttric  acid  in  vacuo  had  the  composition  of  meta- 
cetonate  of  silver. 

I.  0*211  grm.  gave>  when  burnt  with  oxide  of  copper, 
0*153  grni.  rarbonic  add  andO'055  grm.  water. 

II.  0*167  gnu.  gave  on  careful  ignition  0*100  grm.  of  me* 
tallic  silver. 

Carbon  •  • 

Ilydragen  • 
Oxygen  .  . 
Oxi&  of  silver 


19-77 

6 

19*90 

2-89 

5 

2-76 

13-06 

3 

13-27 

64-28 

1 

64*07 

100*00 

T5 

looH^b 

The  salt  of  barytes  h  very  soluble  in  water  ;  the  solution  of 
the  ^t  evaporated  to  dryness  and  diled  for  a  long  time  at 
212°,  gave  the  following  numbers 

•  I.  0*339  grm.  gave  0*311  grm.  carbonic  add  and  0*116 
grm*  water* 

IL  O'SSS  grm.  gave  0*211  grm.  sulphate  of  baryta. 

Theory. 

Carbon  .  «  •  24*98  6  25*46 
Hydrogen  •  •  3*79  5  3*53 
Oxygen  «  .  .  17*58  3  16*99 
Bar^  .   .   .   53*65         1  54*02 

100-00  100-00 

The  lead  eoinpound  has  the  sweet  taste  of  acetate  of  lead  : 
it  does  not  appear  to  crystallize,  but  dries  up  to  a  tough 
auiurplioiis  aaUiie  mass.  Aportiou  Jiied  at  212  and  in  vacuo 
gave  exactly  the  quantity  of  oxide  of  lead,  correbponding  to 
.  the  formula  PbO,  Cg      O^,  namely, — 

0*446  gnn.  gave  0*282  grm»  oxide  of  lead  and  0*021  gnu. 
metallic  lead»  equivalent  to  63*40  per  cent,  instead  of  63*19. 

From  the  above  analyses^,  there  can  be  no  doubt  that  the 
acid  product  of  the  action  of  caustic  potash  upon  cyanide  of 
ethyle  ia  metacetonic  acid.  The  same  result  is  pro  I  iced  by 
weak  sulphuric  add  (1  part  acid  to  2  parts  water).  The  silver 
salt  prepared  from  the  acid  product  of  distillation  in  this  case 
exhibited  the  propcrti'"^  described  above,  and  an  estimation 
of  the  oxide  of  silver  gave  the  following  result: — 

I.  0*150  L;nn.  when  ignited  gave  0*090  grm.  metallic  silver, 
correspond iiiLL  to  ni-.JO  per  cent,  oxide  of  silver;  the  tlieo- 
reticnl  propuitiun  beiuff  Gi'Oj  per  cent. 

Tlie  mode  of  decompu.^iLioii  of  cyanide  of  ethyle  described 
is  therefore  quite  analogous  to  that  of  bcnzoe-nitrile  and 
valero-nitrile ;  and  if  metacetonic  acid  is  considered  as  ethyl- 
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iHoJic  acid»  wkh  the  formala  H^CftC^thie  deoompoiitioii 
may  be  expressed  by  the  equalioii 

3HO  J 

The  MSttmptioii  win  be  rendered  still  more  palpable,  if^ 
as  there  is  lilue  doubt,  at  a  future  period  we'are  able  again  to 
produce  cjranide  of  eihyle  from  metacetonate  of  ammonia* 

Iff  on  the  contrary,  metacetonic  acid  is  considered  as  an 
oxide  of  the  radical  Cg  H^,  then  it  must  be  assumed,  that 
during  the  process  of  oxidation  the  two  atoms  of  carbon,  in  the 
cyanogen,  numlganiatc  themselves,  as  it  were,  \yith  rthyle,  in 
order  to  form  ihe  new  radirnl  nirtacetvlc.  iScHiiii:  aside  the 
great  improbability  attached  to  huch  an  assumption,  tn  which 
there  would  be  at  present  no  analogous  case,  we  feel  justified 
ia  giving  preference  to  the  former  e\p!;iii;ition,  because  it  is 
the  more  simple,  and  because  it  coniplciely  agrees  with  the 
known  transformation  of  cyanogen  and  water  into  oxalic 
add  and  ammonia ;  and  if>  as  one  of  us  has  fbnnd,  i^erianic 
acid,  plaoed  in  the  circuit  of  the  voltaic  current,  by  the 
assumption  of  1  atom  of  oxycen,  becomes  converted  into  cai^ 
bonic  acid  and  the  carbo-hydrogen  Cg  Hg,  we  consider  that 
our  view  has  gained  by  that  fact  an  additional  support,  and 
that  the  add  in  question  contains  that  carbo-hyorogen  in 
conjugate  combination  with  oxalic  acid* 

Tlie  foregoing  observations  lead  to  a  great  simplification  of 
our  hypothesis  in  regard  to  organic  radicals,  inasmuch  as 
they  do  away  with  the  necessity  of  supposing  a  specific  l  a- 
dical  for  each  acid  belonging  to  an  alcohol.  The  scries  of 
radicals  which  are  produced  by  the  addition  of  one  or  more 
equivalents  of  the  carbo-hydrogen  Cj  Hg  to  1  equivalent  of 
hydrogen,  namely  H.^,  C4  II 8£C.,  the  hydrated  oxides 
of  which  form  the  alcohols,  are  again  found  m  accuiiiancc 
with  our  view  in  the  acids  derived  from  them,  conjoined 
with  oxalic  acid.  It  may  be  concdved  that  the  oxygen,  in 
oonverting  alcohol  or  oxide  of  ethyle  into  acetic  add,  first 
acts  upon  the  equivalent  of  carbo-hydrogen  wbidi 
alone  distinguishes  ethyle  from  m^hyle,  and  tnat  the  sues 
cessive  products  of  oxidation  of  thb  Dody  take  up  the  re- 
maining radical  methyle  into  conjugate  combination ;  thus  m 
the  ^rmation  of  aldehyde  and  acetio  add, 

20j""tH0 
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Moreover,  it  cannot  be  denied  that  onr  ideas  concerning 
tlic  functions  performed  by  compound  radicals  are  ver^'mucU 
enlarged  by  these  considerations.  For  wheu  we  find  methylo 
and  cthylc  combiuiuj^  like  the  electro-positive  inorganic  ele- 
ments with  the  clecti'o-negative  non-metallic  substances,  the 

EE pcrty  which  they  also  exhibit  ui  uuittii^  wiili  oxalic  acid, 
osulphuric  acid,  and  with  other,  perhaps  even  neutral^ 
les  to  fonn  conjugate  oompounds,  evinces  sach  an  ttxteniive 
range  of  properties  as  is  nownere  to  be  met  with  amongst  the 
more  narrowly  defined  powers  of  combination  of  inorganic 
substances ;  and  it  is  probable  that  nature,  when  she  brin^ 
forth  the  innumerable  and  manifold  products  of  the  organic 
kingdom  hj  a  wonderful  combination  of  those  few  elements 
whicli  are  at  her  disposal,  may  likewise  make  use  of  these  sup- 
posed extensive  conibiniriLr  powers  nf  the  organic  radicals,  as 
the  simplest  means  of  accomplishing  her  greatest  works. 

We  beg  to  express  our  warmest  thanks  to  Dr.  Lyon  Play- 
fair  for  the  use  of  his  laboratory  and  apparatus  in  Ciui  ving 
out  the  ubu\e  investigation,  and  for  the  uuilunn  kindness 
which  we  as  his  assistants  have  experienced  at  his  hands. 


XLV.  Analysis  of  the  Ashes  of  the  Orange-TVee  JfiiixuM 
aurantium).  By  Messrs.  Thomas  H.  Rownbt  mid  Hsnkt 
How*. 

POR  the  materials  used  in  the  following  analyses  wc  are 
^  indebted  to  the  kindness  of  Mr.  Da  Cumara,  who  had 
sent  it  over  for  investigation  frfm  lu8  plaulalions  on  the 
islaud  of  St.  Michel,  being  dcsiruuij  to  become  acquainted 
with  the  mineral  constituents  of  the  orange-tree,  whioi  forms 
the  principal  wealth  of  his  conntryt  The  analyses  were  per- 
Ibrmed  under  the  direction  of  ]>r,  Hofmann  in  the  laboratory 
of  the  Royal  College  of  Chemistry. 

To  prepare  the  ashes  in  a  fit  state  for  analysis,  the  difltont 
parts  of  the  plant  were  heated  in  an  inclined,  open  Hessian 
crucible,  until  the  carbon  was  consumedf.  The  ashes  thus 
obtained  were  mixed  with  a  small  quantity  of  oxide  of  mer- 
cury and  ignited  a  second  time  in  a  platinum  capsule  over  a 
spirit-lamp,  in  order  to  reproduce  the  sulphates,  which  in  the 
former  process  had  been  reduced  to  sulphides. 

*  Commuoicated  by  the  Chemical  Society  i  having  been  read  April  b, 

1847.  .  . 

+  To  obtain  the  ash  of  the  fruit,  the  oranjjcs  were  cut  info  sHcc,  and 
aOer  fepnrntion  nf  the  ^^^A  dried  on  the  saod-batb  in  a  covered  porcelaio 
diiih,  and  then  burnt  in  a  crucible. 
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The  same  quantity  of  ash  served  to  determine  the  potash 
and  Boda,  sulphuric  and  phosphoric  anids^  perphosphate  of 

iron,  lime  and  maj]rncsia,  silicic  acid  and  arcidental  sand  and 
charcoal.  For  this  purpose,  the  hydmchhji ic  acid  ?!olii(ion 
was  evaporated  to  dryness,  j^eutly  ignited  and  extracted  \vilh 
hydrocldoric  acid.  The  sohition  thus  obtained  was  divided 
into  difllrcnt  j)art9.  The  first  portion  served  ior  the  determi- 
nation of  the  potash  and  soda. 

For  this  purpose  the  acids,  lime,  magnesia,  &c.  were  re- 
moved by  baryta,  the  excess  of  baiyta  by  carbonate  of  am- 
monia, and  the  ammoniacal  salts  by  gentle  ignition.  The 
residue,  potash  and  soda,  were  estimated  partly  by  separating 
them  by  means  of  bichloride  of  platinum  (analyses  of  the 
ashes  of  the  root  and  seed)  and  partly  by  the  indirect  method, 
namely,  hy  ronvertinji  tlic  T?ii\exl  chlorides  into  sul]>h;ites, 
weighuig  tlicse  and  ascertaining  the  amount  of  sulphuric  acid 
by  means  of  chloride  of  barium  (analyses  of  the  stem,  leaves 
and  fruit). 

In  the  second  portion,  sulphuric  aud  phosphoric  acids  were 
determined,  the  former  as  sulphate  of  baryta,  the  latter  by 
neutralizing  the  filtrate  from  the  former  with  ammonia  and 
precipitating  the  phosphoric  acid  by  means  of  sesquichloride 

of  iron  and  acetate  of  potash.  This  precipitate  was  dissolved 
in  hydrochloric  acid,  a  sufficient  quantity  of  tartaric  acid  was 
added,  and  the  phosphoric  acid  estimated  in  the  form  of  py« 
rophosphate  of  magnesia,  by  precipitating  with  ammonia, 
chloride  of  ammonium  and  sulphate  of  magnesia.  The  latter 
precipitate,  frequently  containing  a  small  quantity  of  iron, 
Avas  redissolvetl  in  hydrochloric  acid,  and  afler  the  additiou 
of  some  tartaric  acid  reprccipitated  by  ammonia.  A  third 
portion  served  for  the  estimation  of  perphosphate  of  iron,  lime 
and  magnesia.  For  this  purpose  the  liquid  was  neutralized 
with  ammonia,  some  acetate  of  potash  was  added,  and  the 
solution  strongly  acidulated  with  acetic  acid,  in  order  to  keep 
the  phosphate  of  lime,  which  might  be  precipitated,  in  sohi- 
tion; on  heating  perphosphate  of  iron  subsides,  from  which 
the  sesquioxide  of  iron  was  calculated  according  to  the  for- 
mula 2FC2  O34-3PO5.  From  the  fihrate  the  lime  was  preci- 
pitated by  means  of  oxalate  of  ammonia,  and  after  the  sepa- 
ration of  the  lime,  the  magnesia  by  means  of  j)hospliate  of 
soda.  Cldorine  and  carbonic  acid  .\  ere  determined  in  sepa- 
rate portions  of  the  ash.  In  this  muiuiei  the  following  expe- 
rimental numbers  were  obtained : — 
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Amount  of  ashes  leit  by  100  parts  of  the  root   •   •  4*48 


•  i; 

11. 

Potash     .    .    .  . 

12-54 

12*40 

12-47 

Soda  

3-72 

3'5  7 

3G4 

Lime  •   .   •  •  • 

40*16 

40-31 

40-23 

Magnesia    •   .  • 

5*55 

5<60 

5-57 

Sesquioxide  of  iron 

0-83 

0*82 

0*83 

Chloride  of  sodmm 

1*01 

0^1 

0^95 

PIiosj)horic  acid  • 

10*80 

10*93 

10*86 

Sulphuric  acid  •  • 

4*61 

4*76 

4-68 

Silicic  acid  .    •  • 

1'38 

1*45 

1-42 

Carbonic  acid  .  . 

19-04 

1904 

19-04 

Sand  and  charcoal 

0-42 

0*63 

0-53 

10006 

100-37 

100*22 

Per-centage  of  the  ash  afler  deduction  of  the  unesaenttal 
conatitnentSy  carbonic  addj  sand  and  charcoal  t— * 

Potiah    •  .   •  .  15*43 

Soda   4*53 

lime   40-S9 

Magneaia.   .   •  •  6*91 

Sesquioxide  of  iron  1*02 

Chloride  of  sodium  1*13 

Phosphoric  acid    •  13  4  7 

Sulphuric  acid  .    •  5*78 

Silicic  add   »   •   .  I'T'j 

loo-oo 

Analym  of  the  Agkes  of  the  Sim. 
Amount  of  ashes  kfl  by  100  parts  of  the  stem  .   •  2*74 


I. 

ir. 

Mean. 

Potash    •    •    »  • 

9-66 

9*73 

9*69 

Soda  

2*61 

9*47 

2*54 

45*46 

45-96 

45*71 

Magnesia  ... 

5*28 

5-24 

5 -20 

Sesquioxide  of  iron 

0-48 

0-48 

0-48 

Chloride  of  siodium 

0  19 

0-24 

0-21 

Phosphoric  acid  . 

14*18 

14-17 

14-17 

Sulphuric  add  •  • 

8*90 

3*79 

3-84 

Silicic  add  .   .  • 

0*92 

1*14 

1*03 

Carbonic  add  .  • 

16*51 

16*50 

16*50 

Sand  and  duurcoal 

0*33 

0*21 

0-27 

99*52 

99*93 

99*70 

T2 
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Potash     ....  11-69 

Soda  .   .       .    .  3-07 

I^e   5513 

Magnesia.    .    .    .  6*34 

Sesqinoxidc  of  iron  0*57 

Chloride  of  sodium  0  25 

Phosplioric  acid    .  17*09 

Sulphuric  acid  .    .  4*64 
Silicic  acid   .    .  . 

iuoou 


Jmiy^  of  ihe  AiJtes  of  the  Leaves^ 
Aiuouut  of  ashes  left  by  100  pai  U  of  the  leaves 


Potash  .... 

Soda  

T.iTne  

Alaguesia 

SeP(jnioxidc  of  iron 
Chloride  of  sodium 
Phosphoric  acid  . 
Sulphuiic  acid  •  • 
Silicic  acid  •  •  • 
Caibonic  acid  •  • 
Sand  and  charooal 


13*73 


I. 

II. 

Menu. 

12-87 

12-48 

12-67 

1-22 

1-38 

1-30 

43-32 

43-44 

43-38 

4-49 

4-30 

4-39 

0-36 

0-44 

0-40 

5-08 

6-17 

5-12 

2-46 

2-58 

2*52 

3-35 

3-47 

3*41 

3-67 

3'78 

3-72 

23*2? 

22-97 

23*09 

0*24 

0-21 

0-23 

100*28 

100*22 

100*23 

Potash 
Soda  , 


Limo   •    •    •    •  • 

Magnesia.  .  •  . 
Scs([ui()vidc  of  iron 
Cliluride  of  sodium 
Phosphoric  acid 
Sulphuric  acid  .  • 
Silicic  add  •  •  • 


16-51 
1*68 
56-38 

5-  72 
0-52 

6-  GG 
3-27 
4*43 
4*83 


1 
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Anaiyrii  qf  the  Aehee  eftht  Frmt. 

Amount  of  aahes  left  by  lOU  parts  of  the  fruit    •    •  3'!>4 


I. 

11. 

Mean. 

jrocasii    •    •    •  • 

0Q*0  1 

o  §  o 

■ '  -7 

O  Oil 

Lime  .    .    •    »  . 

19-20 

iyo'2 

Magnesia     .    .  • 

6-39 

6  14 

6-26 

Sesoiiloxi lie  of  iron 

0*35 

0*36 

0*35 

Chlin  ido  of  sodiiiui 

2*93 

3*09 

3  "02 

Phusuiioric  acid 

855 

8*64 

8"59 

Sulphuric  acid  .  • 

2-88 

2-93 

2-90 

Silicic  add  •   •  . 

O-Sl 

0*38 

0*34 

Cafbonic  acid  •  • 

20*38 

20*22 

20*30 

Sand  and  charcoal 

1-69 

1*62 

1-65 

99*62 

Fdtaah 

•   •   •  • 

jl6*42 

11*42 

24-52 

Magnesia 

•    •    •  • 

8-06 

Sesquioxide  of  iroii 

0-46 

Chloride  of  sodium 

3-87 

Phn-^phoric  acid  « 

11  07 

8ulnliuiir 

add  •  • 

3-74 

Silicic  add  •   •  . 

0-44 

■ 

AmaihfeU  of  the  Atkes  qf  the  Seed, 


Amountof  aahaa  left  bj  100  parta  of  the  seed  •  •  3*30 


h 

11. 

Mean. 

Potash   •  •  •  • 

35-22 

85-29 

35-26 

0-84 

0-81 

16-59 

16-65 

16-62 

Magnesia    .   .  • 

7-87 

7*51 

7*69 

Sesquioxidc  of  iron 

O-GS 

072 

070 

Chloride  of  sodium 

0*77 

0-67 

072 

Phosphoric  acid  • 

20-33 

20-39 

20-J6 

STilphuric  add  •  « 

4-46 

MS 

4-47 

Silirie  acid  .    •  • 

1-02 

0-96 

0-99 

Carbonic  acid  . 

6-83 

6-83 

6-83 

Sand  and  charcoal 

5-76 

5-78 

5-77 

100-30 

100X2 

100-22 
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Pota^    •    .   •  • 

40-28 

0-92 

Lime  ..... 

18-97 

Magnesia     .    .  . 

8-74 

Seequioxide  of  iron 

0-80 

Chloride  of  sodium 

0-82 

Phosphoric  acid 

28*24 

Sulphuric  add  .  . 

6*10 

Silicic  add  .   •  «• 

i-18— lOOW 

The  preoediug  analyses  furnish  a  new  oonflmation  of  the 
faet  fifst  observed  by  De  Saussure,  namely,  that  the  lariicst 
amount  of  mineral  constituents  is  deposited  in  those  parts  of 
the  plant  in  which  the  process  of  assimilation  appears  to  be 

most  active.  While  the  ash  left  by  the  root,  gteni,  fruit  and 
seed  did  not  exceed  from  3  to  4  per  cent,,  tlic  leaves  left 
not  less  than  13  per  cent,  of  fixed  residue  on  incineration. 

Regarding  the  conijiosltion  of  the  ditfereiiL  ashes,  the  great 
auiount  of  carbonic  acid  found  in  tiic  ashes  of  the  root,  the 
stem,  and  tiic  It  ait  is  at  once  obvious;  proving  that  not  only 
the  fruit,  but  also  the  roots  and  stem^  contain  a  large  quan- 
tity of  organic  adds.   

From  the  compoaition.of  the  ashes  of  thi  root,  the  stem, 
and  the  leaves,  the  onuige^tne  helonga  deoUedly  to  the  lime 
plants.  In  these  three  aabes  the  joint  amount  of  lime  and 
magnesia  exceeds  the  quantity  of  the  rest  of  the  mineral  con- 
stituents. In  the  ashes  of  the  fruit  and  seed,  however,  the 
alkalies  are  as  prevalent  as  they  have  been  found  in  analogous 
cases.  The  amount  of  phosphoric  acid  (2.3*24)  in  the  v^h  of 
the  seed  is  considerable,  as  might  be  expected,  still  it  is  in- 
ferior to  the  quantities  (34-81  and  42'02'i  which  Mr.  Souchay 
found  on  analytting  the  seed^  of  the  cjUou  (Citnis  Medica) 
and  quince-trees  {Pyrus  Cydonia),  Ne\  ertheless  the  ash  of 
the  orange-seed  is  very  analogous  in  composition  to  the  ashes 
of  the  lastHuentioned  seeds,  as  may  he  easily  seen  on  com- 
paring their  analysis*. 

XLVl.  Off  Qttatcrnions ;  or  tfn  «  Nem  Sysiem  Imaginaries 
in  .  Hiiihra.  By  Sir  Willi  AM  RoWAK  Hamo/TOH,  LL,D,^ 
V.VUiJ.A,^  F.R,A.S,f  Corresponding  Member  qf  tkt  Insti* 
tule  of  France,  4-f.,  Andmi-i  Professor  of  Astronomy  in  ike 
Uttiversil^  of  Dublin,  and  Mar/al  Asf  ronomer  qf  Ir^iandm 

[Continued  from  p. 
37.  IJKSUMING  now  the  quaternion  form  of  the  equa- 
tion  of  the  ellipsoid, 

(ap  +  pa)2— (^/3p— pp)*=l,  .....  (1.) 

•  Li^kig's  AimaU,  liv.  p.  343. 
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wad 

thtt  two  lipear  &ctort  of  the  first  meniber  of  the  eqvetion  (1.) 
become  the  two  conjugate  quaternione  Q  end  Qf»  lo  that  the 
equation  itoelf  becomes 

QQf«l  (40 

But  by  ariicles"19  find  20  (Piiil.  Mag.  for  July  184G),  the 
produciofaiiy  two  conjugate  quatonitons  is  equal  to  the  square 
of  their  common  tensor ;  this  common  tensor  of  the  two  qua- 
ternions Q  and  Q'  is  therefore  equal  to  unity.  Usii)g,  there- 
fore, as  in  those  articles,  the  letter  T  as  the  characteristic  of 
the  operation  of  taking  the  tensor  of  a  quatemioUi  the  equation 
of  the  ellipsoid  reduces  itself  to  the  form 

T<1=1;  («.) 

or,  sub&tituiing  lor  Q  its  expic^siou  (3.), 

which  latter  form  might  also  have  been  obtained,  by  the  sub- 
stitutions (2.),  from  the  equation  (3.)  of  the  30tli  article  (Phil. 
Juoe  l&47)f  namely  from  the  foliowing'i^  c 

T(ap-|7-  +  ^^-p«=l  (7.) 

S8.  In  the  geometrical  construction  or  jicneration  of  the 
ellipsoid,  wliicli  was  assigned  in  tlie  |>receding  articles  of  this 
paper  (see  the  Numbers  of  the  Pliilosophical  Magazine  for 
June  and  September  1817),  the  significations  of  gome  of  the 
recent  bvniboli  are  the  Ibllovvin;;.  Tiie  two  constant  vectors 
I  and  X  may  be  regarded  as  denoting,  respectively,  (in  lengths 
and  in  dirsctions,)  the  two  sides  of  the  ceneratin^  triangle 
ase^  whieb  are  drawn  from  the  centre  c  of  the  auxdiary  and 
diacentric  sphere^  to  the  fixed  superficial  pcnnt  B  of  the  ellip- 
soid, and  to  the  centre  a  of  the  same  ellipsoid ;  the  third  side 
of  the  triangle^  or  the  vector  from  a  toBf  being  therefore  de- 
noted (in  length  and  in  direction)  by  i— x:  while  p  is  the 
radios  vector  of  the  ellipsoid,  drawn  from  the  centre  a  to  a 

•  6t«  equstion  (35.;  of  tba  AbtHnH  in  the  Proctcdings  of  the  Hoyai 
Irish  Acatieiiiy  for  July  1846.  The  equation  of  the  elliptoid  marked  (1.) 
in  article  37  of  the  present  paper,  WRs  coaimiintcatcJ  to  the  Ac.hlemyio 
DeceraUer  1^5,  and  U  numbered        io  the  Proceediu^is  of  that  dale. 
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variable  point  e  of  the  surface ;  so  that  the  constant 

I  — X  is,  by  the  construction,  a  particular  value  of  this  variable 
vector  p.  The  vector  from  a  to  r,  beinfr  the  opposite  of  that 
from  c  to  A,  is  denotetl  by  — x;  and  if  d  be  still  the  same 
auxiliary  point  on  the  surface  of  the  auxiliary  sphere,  which 
was  ilenoted  by  the  same  letter  in  tlie  account  al reach-  printed 
of  the  construction,  then  the  vector  from  c  to  d,  whicii  mav 
be  regardetl  iis  l>cini^'  (in  a  sense  to  be  hertalltjr  more  iim) 
considered)  the  i  tjL'xion  of  — x  with  respect  to  ^,  is  =  — f '^"'J 
and  consequently  the  vector  from  d  to  b  is  =i+pxf>~^  fbe 
lengths  of  the  two  straight  lines  bd»  and  ae,  are  thcfclbw 
spectively  denoted  by  the  two  tensors^  T(t -i-ftip-^)  aadTf; 
and  the  rectangle  under  those  two  lines  is  represented  bw  ihe 
product  of  these  two  tensors,  that  is  by  the  tenmr  m  the 
product,  or  by  T(ip-^px),  But  by  the  fundamental  equality 
of  the  lengths  of  the  diagonals,  ae,  bii'»  of  the  plane  qmdn- 
lateral  abed'  in  the  construction,  this  rectangle  under  bd  and 
AS  is  equal  to  the  constant  rectangle  under  bd  and  bd',  that 
is  under  the  whole  secant  and  its  external  part,  or  to  the 
square  on  the  tan<^cnt  {"rom  B,  if  the  point  B  be  supposed  ex- 
teriuil  to  the  auxiliary  sphere^  which  has  its  centre  at  c,  and 
passes  iliKuiL^li  D,  I)',  and  A*  Tlius  T(<^H-px)  is  equal  to 
(Ti)-  — (  i  x)-,  or  to  x^  — i',  which  difference  is  here  a  positive 
scalar,  because  it  is  bU])posed  that  cb  is  longer  than  ca^  or  that 

Ti>T»;  (a) 

aiul  llic  (juaternion  equation  (G.)  of  the  ellipsoid  rcproiluccs 
itself,  as  a  result  of  the  geometrical  construction,  under  the 
slightly  simplified  form* 

T(i^+p)«x«-i»  (9.) 

And  to  verify  that  this  equation  relative  to  p  is  satisfied  (as 
we  have  seen  that  it  ought  to  be)  by  the  particular  value 

 (10.) 

which  corresponds  to  the  particular  position  B  of  the  variable 
point  K  on  the  surface  of  the  ellipsoid,  we  have  only  to  observe 
tltat,  identically, 

«j8-»«s=-(x«-i«); 

and  that  (by  article  19)  the  tensor  of  a  n^poive  scalar  is  eqal 
to  the  positive  opposite  thereof* 

89.  The  Ibr^Bjoing  article  contains  a  sufficiently  shnpis 

*  See  the  Proceedings  of  the  Ho^  Irish  Academy  for  July  id46,  equ*- 
tion  (44.). 
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process  for  the  retranslation  of  the  geometrical  construction* 
of  the  elhpsoid  described  in  article  31,  into  the  lan^ua^e  of 
the  calculus  of  quaternions,  from  which  the  construction  itself 
bad  baao  origtnolly  derived^  in  the  manner  stated  in  the  SOdi 
article  of  this  paper.  Yet  it  may  not  seem  obvious  to  readers 
nnfiimillar  with  this  calcnlos,  why  the  expression  ^pxp-^  was 
taken,  in  that  foregoing  article  38,  as  one  denoting,  in  length 
and  in  direction,  that  radius  of  the  auxiliary  sphere  which  was 
drawn  from  c  to  d;  nor  in  what  sense,  and  for  what  reason, 
this  expression  — 'W**  has  been  said  to  represent  the  reflexion 
of  the  vector  — X  witn  respect  to  p.  As  a  perfectly  clear  answer 
to  each  of  these  question*;,  or  a  distinct  justification  of  each  of 
the  assumptions  or  assertions  thus  referred  to,  may  not  only 
be  useful  in  connection  with  the  present  mode  of  considering 
the  ellipsoid,  but  also  may  throw  light  on  other  applicntions 
of  quaternions  lo  the  treatment  of  c^cometrical  and  pliysicid 
problems,  wc  sliall  not  think  it  an  i»  relevant  digression  to  enter 
here  into  some  details  respecting  this  expression— and  * 
respecting  the  ways  in  which  it  may  present  itself  m  calcula« 
tkm  sncn  as  the  foregoing.  Let  us  therefore  now  denote  by 
^  the  vector^  whatever  it  may  be^  from  c  to  d  in  the  construc- 
tion (c  being  stiU  the  centre  of  the  sphere) ;  and  let  us  pro- 
pose to  find  an  expression  for  this  sought  vector  as  a  func- 
tkm  of  ^  and  of  by  the  prindplea  of  the  calculus  of  quater* 
nions, 

40.  For  this  puipoee  we  have  first  the  equation  between 
tensors^ 

T«^«T«;  (11.) 

which  expresses  that  the  two  vectors  o-  and  x  are  equally  long^ 
as  beinff  t>oth  radii  of  one  common  auxiliary  sphere^  namely 
those  drawn  from  the  centre  c  to  the  points  D  and  A.  And 
secondly,  we  have  the  equation 

V.(ir-a)p=:0,  (12.) 

where  V  Is  the  characteristic  of  the  operation  of  takine  the 
vector  of  a  quaternion ;  which  equation  expresses  imraeduitely 
that  the  product  of  the  two  vectors  tf^— a  and  ^  Is  scalar,  and 

*  The  brevity  and  novelty  of  thi>;  rule  for  constructing  that  iinportant 
surlace  may  perhaps  justify  the  reprinting  it  here.  It  was  as  follows: 
Frutii  a  fixeU  puiiU  a  on  the  surface  uf  a  sphere,  draw  a  variable  chord  ad; 
let  d'  be  the  lecond  point  of  intersection  of  the  spheric  surface  with  the 
secant  bd,  drawn  to  tne  variable  extremity  n  of  this  chord  ad  from  a  fixed 
external  point  B;  take  the  rndius  vector  ak  equal  in  length  to  md',  and  in 
clirectiou  either  comcidcnt  with,  or  opposite  to,  the  chord  ad  ;  the  locus 
of  die  point  E,  thai  coiwtraeledjiiril]  beao  eIIipioic]»  wUcli  will  pui  tbrovgh 
the  point  b  (and  will  have  its  centre  at  a).  See  Proceeding!  of  the  Ro^ 
Irian  Acadony  for  July  1846. 
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therefore  that  these  two  vactor-factors  are  either  exactly 
•imlhur  or  mctly  opposita  hi  diraotioii ;  unco  ochtrwiae  tbeur 
product  would  be  »  qiiatmioiiy  having  always  a  vaator  part, 
although  the  acalar  part  of  thti  qaatenuoii«pnkliict 
might  vaniabi  namely  by  the  iactora  beoomuig  perpendieohir 
to  each  other*  Stien  being  the  immediate  and  general  signi- 
fication of  the  equation  (12.),  the  justification  of  our  establi^ 
ing  it  in  the  present  question  is  derived  from  the  coneideratioii 
that  the  radius  vector  drawn  from  the  centre  A  to  the  sur* 
face  E  of  the  ellipsoiu,  has,  by  tlie  construction,  a  direction 
either  exactly  similar  or  exactly  opposite  to  the  dircctioii  of 
ihixt  guidc-t/iord  oi  tlic  niixilinrv  sphere  wiiu  h  i>  iIimvmi  l!\  in 
A  to  D,  that  is,  from  the  end  oi  tl)e  radius  denoted  by  x  lu  die 
end  of  the  radius  denoted  by  a*.  For^  liiatthe  chord  bo  diawu 
is  properly  detiotetl,  in  leiigdi  aiitl  in  direction,  by  the  symbol 
a  —  Hf  follows  liuiu  j)rii)c'iplei>  rcspiictinj^  addition  and  ^.♦w/ac- 
iion  qf  directed  UneSi  which  are  indeed  essciUia I,  but  are  ml 
pemdioTf  to  the  geometrical  applications  of  quaternion^ ;  had 
ocourredf  in  various  ways,  to  several  independent  inqntfen^ 
before  quaternions  (as  praducU  or  pioiknU  qf  dindid  Utm 
in  spae0)  were  thought  of  i  and  are  now  eacteosively  reeeived. 

41.  The  two  equations  (IL)  and  (12.)  are  evidently  both 
aatisfied  when  we  suppose  va^ui  but  becauae  the  point  d  ia 
in  general  different  from  a,  we  must  endeavour  to  6nd  another 
value  of  the  vector  0-,  distinct  from  which  shall  satisfy  the 
same  two  equations.  Such  a  value,  or  expression,  for  this 
sought  vector  <t  may  be  fouiul  ni  once,  so  far  as  the  equation 
(12.)  is  conccrnccl,  by  observing  that,  in  virtue  of  this  letter 
equation,  cr  —  x  must  bear  some  scalar  ratio  to  p,  or  must  be 
equal  to  this  vector  p  multiplied  by  some  scalar  coefficient 
so  that  we  may  write 

a— x+a'p;  ^ij.) 

and  then,  on  substituting  this  expression  for  cr  in  the  former 
equation  (ll*),  we  find  that  x  must  satisfy  the  condition 

T(ic+^)=Ta,  (14.) 

in  which  thia  sought  coefficient  sr  ia  supposed  to  be  'aoM 
scalar  difTerent  from  zero,  that  is,  in  other  words,  some  posi- 
tive or  negative  number.  Squaring  both  members  of  this  last 
conditioUi  and  observing  that  by  article  19  the  square  of  the 
tensor  of  a  vector  is  equal  to  the  negative  of  the  square  of  that 
vector,  we  find  the  new  eqoation  . 

-(x+jrp)«=—  (15.) 

But  also,  generally,  if  k  and  p  be  vectors  and  x  a  scalar, 
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iildliMi  tb«rtlbr«  Io  bothmMben  of  Hd.),  dividing  by  — «^ 
•ad  thtn  dimiiMitmg  x  by  (18.)t«blob  is  done  by  mtnlj 
cbangiDg  x^+x^^  to     we  find  tke  equatioo 

^^+^xsO;  (16.) 

and  finally 

(p«-pxp-«:  :  (17.) 

60  that  t!5c  expression  already  assigned  for  the  vector  from  c 
to  D,  presenU  !t>cir  a>  tlie  result  o\  tiiis  analysis.  And  in  lact 
the  tensor  of  this  expression  (17.^  is  equal  to  Tx,  by  the  ge- 
neral rule  ioT  the  tensor  of  a  jiioiiiict,  or  because  (  — p^s"')* 
^ix^~'=px-^~'  =  x-,  since X*  i&  a  (negative)  scalar;  while 
the  product  ((r—x}f,  being  as i»  equal,  by  article 
SO^  to  an  expression  of  scalar  form* 

42.  Conversely  i(  in  any  investigation  conducted  on  the 
present  principles,  we  meet  with  the  expression  — ^x/}*'>,  we 
may  perceive  in  the  way  Just  now  mentioned,  that  it  denotes 
a  vector  of  which  the  square  is  e^unl  to  that  of  a ;  and  that,  if 
a  be  subtracted  from  it,  the  remainder  gives  a  scalar  product 
when  it  is  multiplied  into  p :  so  that,  if  we  denote  this  expres- 
sion by  0-,  or  establish  the  ecpiation  (17.)»  the  equations  (11.) 
and  (l^^."*  will  thei?  be  ^^ntisfied,  and  the  vector  c  will  liave  the 
same  itugih  as  x,  wlnlc  the  directions  of  c  — x  and  ^  will  be 
eitiier  exactly  similar  or  exactly  opposite  to  each  other.  We 
may  therefore  be  thus  led  to  regard,  subject  to  liiis  condition 
(17.)  or  (16.),  the  two  vector-syinboU  o-  and  x  as  denoting,  in 
length  end  in  direction,  two  radii  of  oneeomnon  sphere,  such 
thai  the  ofaofd*Une  a  connecting  their  estmnitieB  baa  the 
direction  of  tke  line  or  of  thai  line  reversed*  Hence  also, 
by  the  elementary  property  of  a  plane  isosceles  triangle,  we 
may  see  that,  under  the  same  condition^  the  inclination  of  r 
to  f  IS  eqnal  to  the  inclination  of  x  to  or  of  —  x  to  p ;  in 
such  a  manner  that  the  bisector  of  the  external  vertical  angle 
of  the  isosceles  trian«^le,  or  the  bisector  of  the  angle  at  tlie 
centre  of  the  sphere  1  between  the  two  radii  cr  and  — x,  is  a  new 
radius  parallel  to  p,  because,  it  is  parallel  to  the  bnse  ot"  the 
triangle  (acd),  or  to  tlie  chord  (ad)  just  now  mentioned. 
Aiiil  by  conceiving  a  diameter  of  the  sphere  parallel  to  this 
ciiord,  or  to  and  supposing  — x  to  denote  that  reversed 
radios  which  coincides  in  situation  with  the  radius  x,  but  is 
drawn  from  the  surface  to  the  centre  fthat  is.  In  the  recent 
construction,  from  a  to  c)»  while  r  is  still  drawn  from  centre 
to  8urfiu;e>(from  c  to  o),  we  may  baled  to  regard «i  or— tfap-**! 
as  the  reflexion  of  —a  with  ras|)ect  to  the  diameter  parallel  to 
/9,  or  sunply  with  respect  to  p  itself,  as  was  remarked  in  the 
d8th  article ;  since  the  vector-symbols       &c«  are  supposed* 
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in  these  calculations,  to  indicate  indeed  the  lengths  attd  direC' 
turns,  but  nd  ike  ^UmiHomf  of  the  straight  lines  which  they 
ore  employed  to  denote* 

43.  The  sanM  geometrical  interpretation  of  the  symbol 
— ~*  may  be  obtained  in  several  other  way%  among  which 
we  shall  specify  the  following.  Whatever  the  lengtlis  and 
directions  of  the  two  straight  lines  denoted  by  ^  and  x  may  be^ 
we  may  always  conceive  that  die  latter  line,  regarded  as  a 
vector,  is  or  may  be  decomposed,  by  two  different  projectioD% 
into  two  partial  or  component  vectors,  x'  and  x",  of  which  one 
is  parallel  ami  the  other  is  perpendicular  top;  so  that  they 
satisfy  respective! v  the  equations  of  parallelism  and  perpen- 
dicularity (see  article  ^1),  and  that  we  have  consequently, 

»jif  +  x'';    V.a>s«05  S.af>=:0;     •    .  (18.) 

where  S  is  the  characteristic  of  the  operation  of  taking  the 
scalar  of  a  quaternion.  The  equation  of  parallelism  gives 
on!^ii!p,  and  the  equation  of  perpendicularity  gives  px^^s  — x"^ ; 
hence  the  proposed  expression  — psp*^  resolves  itself  into  the 
two  parts, 

so  that  we  have,  upon  the  whole» 

-.pxp-'  =  -p(x'  +  x'Op->  =  -x'  +  x".     ,    .  (20.) 

The  part  —  x'  of  this  last  expression,  which  is  parallel  to  p,  is 
the  same  as  the  corresponding  part  of  — x;  but  the  ]}ait  -fx'', 
perpendicular  to  is  the  same  with  the  correspoiuiing  part 
of  4-x,  or  is  opposite  to  the  correspoiidiug  part  of — x;  we 
may  tliereiore  be  led  by  this  process  also  to  regard  the  expres- 
sion (17.)  as  denoiiiig  the  reflexion  of  the  vector  — x,  with 
respect  to  die  vectoi-  regarded  as  a  reflecting  line;  and  we 
see  that  the  direction  of  c,  or  that  of  — is  exactly  interme- 
diate between  die  two  directions  of  —a  and  —picp'\  or  be- 
tween those  of  X  and  of  pxp*"'. 

44.  The  equation  (9.)  of  the  dlipsoidy  in  article  S8|  or  the 
equatioo  (4.)  in  article  87»  may  be  more  fully  written  tlins: 

(,p+px)(/,H-xp)==(x«-iV.  .  .  .  •  (21.) 
And  to  express  that  we  propose  to  cut  this  surface  by  any 
diametral  plane,  we  may  write  the  eiiuatiuu 

wp-i-pw^O,  (22.) 

where  w  denotes  a  vector  to  which  that  cutting  plane  is 
perpend icuhirs  thua^  if  in  particulari  we  change  v  to  x,  we 
nnd,  for  the  corresponding  plane  through  the  centre^  the  equa- 
tion 
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which,  when  combliied  with  (21.),  gives 

bnt  this  is  the  equation  of  a  sphere  concentric  with  the  elh'p- 
soid;  therefore  the  diametral  plane  (23.)  cuts  the  ellipsoid  in 
a  eirdef  or  the  plane  itself  is  a  ci/clic  plane.  We  see  also  that 
the  vector  as  being  perpendicular  to  this  plane  (23.),  is  one 
of  the  ej^ie  normals,  or  normals  to  planes  of  circular  section; 
wliich  agrees  with  the  construction,  since  we  saw,  in  article  36, 
that  the  auxiliary  or  diaccntric  sphere,  with  centre  c,  touches 
one  cyclic  plane  at  the  centre  a  of  the  cliipsoid.  The  same 
construction  shows  that  the  other  cyclic  plane  ouglit  to  be 
perpendicular  to  the  vector  i ;  and  accordingly  the  equation 

ip-i-^isO  (95«) 

represents  this  second  cyclic  plane;  for,  when  combined  with 
the  equation  (21.)  of  the  ellipsoid,  it  gives 

(«'-«V=K«-')-  («— )p=p{»— )»f =(«— )V.  ■ 

and  therefore  conducts  to  the  same  equation  (24.)  of  a  con* 

centric  sphere  as  before;  which  sphere  (24.)  is  thus  seen  to 
contain  the  intersection  of  the  ellipsoid  (21.)  with  the  plane 
(25.),  as  well  as  that  with  the  plane  (28.).  If  we  use  the 
form  (9.),  we  have  only  to  observe  that  whether  we  ch;uige 
px  to  — xp,  or  to  — ^1,  we  are  conducted  in  each  case  to  the 
following  expression  for  the  leiiLrtii  of  the  radius  vector  oi  the 
ellipsoidi  which  agrees  witii  the  equation  (24.) : 

And  because  denotes  the  souare  upon  the  tangent  drawn 
to  the  ausiliarj  sphere  from  tne  external  point  b»  white 
T(i— »)  denotes  the  length  of  the  side  ba  of  the  generating 
triangle^  we  see  by  this  easy  calculation  with  4]oatemions»  as 
welt  as  by  the  more  purely  geometrical  reasonmg  which  was 
alluded  to,  and  partly  stated,  in  the  36th  article,  that  the  com- 
mon radius  of  the  two  diametral  and  circular  sections  of  the 
ellipsoid  is  equal  to  the  straight  line  which  was  there  called 
Bn,  and  which  had  the  direction  of  ba,  whife  terminating,  like 
it,  on  the  surface  of  the  auxiliary  sphere;  so  that  the  two  last 
lines  BA,  and  n(;,  were  connected  with  tliat  spheic  and  with 
each  other>  in  tbki  or  in  the  opposite  order,  as  the  whole  se- 
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cant  and  the  external  part.  In  fact,  as  the  point  d,  in  tlie 
construetion  approaches,  in  any  directiao»  on  tna  suHaee  of  the 

anxiliary  sphere,  to  A,  the  point  approaches  to  o;  and  Buf, 
and  therefore  also  ae,  tends  to  become  equal  in  length  to  bg  ; 
while  the  direction  of  ae,  being  the  same  with  that  of  ad,  or 
opposite  thereto,  tends  to  become  tangential  to  the  sphere,  or 
perpendicular  to  ac:  the  line  bg  is  therefore  ecjiin!  to  tlie 
radius  of  that  diametral  and  circnlnr  section  ui  the  t'!lip>oid 
which  is  made  by  tlie  ))lanc  that  touches  the  auxiliary  spiiere 
at  A.  And  again,  if  we  conceive  the  point  d'  to  revolve  ou 
the  surface  of  the  sphere  from  g  to  g  again,  in  a  plane  per- 
pendicular Lu  UL,  then  the  lines  ad  and  ae  will  revolve  to» 
gether  in  another  plane  parallel  to  that  last  mentionedy  and 
pernendicnlar  likewise  to  Bc;  while  the  length  of  AK  wUl  be 
still  equal  to  die  same  constant  line  B0  as  before :  which  line 
is  therefore  found  to  be  equal  to  tlie  common  radios  of  both 
the  diametral  and  circular  sections  of  the  ellipsoid,  whether  as 
determined  by  the  geometrical  construction  which  the  calculus 
of  quaternions  suggested^  or  immediately  by  that  calculus 
itse)  f. 

^5,  We  may  writ^  the  equaUon        of  the  ellipsoid  as 

follows: 

/[p)-l  (27.) 

if  we  introduce  a  scalar  fhnctionyof  the  Tarlable  Tector  ft 
defined  as  follows: 

W  =  (»p  -I-  p)c)(pi  +  xp) = iph  +  tpnp  -h  pxpt  4-  />xV ; 

or  tbu%  in  virlut^  of  article  20, 

(a*-#«)«/'(f)»(»«+xV-«-28.i/«v.     .   •  (2a.) 

Let  f>  -fr  denote  another  Tector  from  the  centre  to  the  sor* 
face  of  the  same  ellipsoid ;  we  shall  have,  in  like  manner, 

/(^+t)=1  (29.) 

where 

/(f+T)-s/(f)+«S.iir+/(T),  •  .   •  (W.) 
if  we  introduce  a  new  Tector  symbol  defined  by  the  equathm 

(,t«-i«)2,^«(iH»')f+*^a+*¥*i    .   .  • 
because  generally,  for  any  two  Tcetors  p  and  r, 

and,  for  any  four  Tecfeors,  i»  p, 

S.irxfsS.nepissS.KpirsS.pirx;   •   •  (S5») 

which  last  principle,  re^j  icctiiKT  certain  transpositions  of  vector 
i^ynibuisy  an  iiactoiji  oi  a  product  under  th«  sign  S.^  bhuws, 
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when  combined  with  the  eqttfttians  (27.),  (28.)>  and  (Sl.^ 
thBt  we  have  also  this  aimple  relatiofi  t 

S.y^  =  l  (Si.) 

Subtracting  (27.)  ivom  (29.),  altendiiitr  to  (30.),  changing  t 
to  'IV.  Ut,  where  U  is,  as  in  articlu  19,  the  chtiractei  istic  of 
the  operation  of  faking  the  vcrsor  of  a  quateruiou  (or  of  a 
vector),  and  dividing  by  Tr,  we  find  : 

0^fk±:^^fi^l  ::^2ii^^,\}r-^i:rJ^iJuT).  (35.) 

This  is  a  rigorous  ei^uaiion,  connecting  the  letiglh  or  the 
tensor  Tr,  of  any  chord  r  of  the  ellipsoidi  drawn  from  the 
extremity  of  the  semidiameter  ^,  with  the  dindnm  of  tbftt 
chord  n  or  with  the  vertor  Ur ;  it  If  therefore  only  «  new 
form  of  the  equatbn  of  the  ellipsoid  itself  with  the  origin  of 
vectors  removed  from  the  centre  to  a  point  upon  the  surface* 
If  we  now  conceive  the  chord  r  to  aiminish  in  length,  the 
term  Trr^(Ur)  of  the  rightphand  member  of  this  equation 
(36,)  tends  to  become  kO,  on  account  of  the  &ctor  Tt|  and 
therefore  the  other  term  SS^vUr  of  the  seme  member  musi 
tend  to  the  same  limit  zero.  In  this  way  we  arrive  eesil^  at 
nn  equation  expressing  the  nllimatc  laxv  of  the  (Jtrecttom  of  the 
evanescent  chords  of  the  ellipsoitf.  nt  the  extremity  of  any  given 
or  assumed  semidiameter  p ;  which  equatioa  isOsS^.vUry 
or  simply, 

0=8.1^,  (36.) 

If  r  be  B  tangential  vector.  The  vector  y  is  dierefore  perpen- 
dicular to  all  each  tangents,  or  infinit^hmil  chorda  of  the 
ellipsoid,  at  the  extremity  of  the  semidiameter  p ;  end  eonie» 
avently  it  hes  the  direction  of  the  normal  to  that  surface,  at 
the  extremity  of  that  semidiameter.  The  tangent  plane  to  the 
samesurH^ro  at  the  same  point  is  represented  by  the  equation 
(34.),  if  we  treat,  therein,  the  normal  vector  v  as  constant,  and 
if  we  regard  the  symbol  p  as  denoting,  in  the  same  erjimtion 
(31-. )»  a  %*ariable  vector,  drawn  from  the  centre  of  the  eilij).soid 
to  any  point  upon  tliat  tangent  ph'\ne.  This  equation  (34.) 
of  the  tangent  plane  may  be  writien  as  follows: 

S.K^-f-0«<>5  (3^) 

and  mder  thb  form  It  shows  easily  that  the  symbol  reprv* 
sents,  in  len^b  end  In  direction,  the  nerpendicutar  let  fldt 
from  the  origin  of  the  vectors  ^,  that  is  from  the  centre  of  the 
ellipsoid,  upon  the  plane  which  k  thus  represented  bv  itia 
ec{wrtion  (34.)  or  (37.)  |  so  that  the  mtor  »  itsalf»  as  oaler- 
mined  by  the  equadon  (31.),  may  be  called  the  vector  efprmti'^ 
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miiif*  of  the  tangent  plane  of  the  elltpeoid,  or  oC  an  element  of 
that  surface,  to  the  centre,  at  the  end  of  thai  semidiaineter  f 

from  which  v  is  deduced  by  that  equation. 

46.  Conceive  now  tliat  n?  the  extremity  of  an  infinitesimnl 
cliord  dp  or  t,  we  draw  anotiiei  noi  raal  to  the  ellipsoid ;  die 
expression  for  any  arbitrary  point  on  the  former  normal,  Uiat 
is  the  symbol  for  the  vector  of  this  point,  drawn  from  the 
centre  of  the  ellipsoid,  or  from  the  origin  of  the  vectors  f,  is 
of  the  form  p  +  nv,  where  n  is  an  arbiu  ary  acaiar ;  and  in  like 
manner  the  corresponding  expression  for  an  arbitrary  point 
on  the  latter  and  infinitely  near  nonnalt  or  for  ita  veelorfrom 
the  flame  centre  of  the  elUpeoid,  is  />  +  dp  +  (»+dfi)(t^+dy]^ 
where  dn  is  an  arbitrary  but  infinitesimal  scalar,  and  dv  is  tlie 
difibrential  of  the  vector  of  proximity  v,  which  may  be  (bund 
as  a  function  of  the  difierential  d^  by  diiflfereutiating  the  equip 
tion  (Sl«)»  which  connects  the  two  vectors  v  and f  Uiemaelves* 
In  this  manner  we  find,  from 

(a*-i«)yir=:(i«+a«)dp+idpa+jcdf»i;     .    .  (38.) 

and  the  condition  required  lor  the  intersection  of  the  tw  o  near 
normals,  or  ior  the  existence  oi  a  puiut  common  to  buiii,  is 
expressed  by  the  formula 

f +dp+(ii+d/*)(y+df)=^-Miy;  .   •   .  (89.) 

which  may  be  more  oondsdy  written  as  follows: 

dp  +  d.ny=0;  (40.) 

or  thus; 

dp+ndy+dntrsO.  .....  (41.) 

We  can  eliminate  the  two  scalar  coefficients,  ti  and  d;i,  from 
this  last  eqoation,  according  to  the  rules  of  the  calculus  of 

3natenuon8,  by  the  method  exemplified  in  the  84th  artide  of 
[lis  paper  (Phil.  Mag.,  August  1846),  or  by  operating  widi 
the  duurscterisdc  S  •  fdi^  beoiase  generally 

whatever  vectors  ft  and  v  may  be ;  so  that  here, 
S.ydyftdysO,  S.ydydfiysQ. 

•  Thw  name,  **  vector  of  proximity,"  was  suggested  to  the  wrijcr  by  a 
phraseology  of  Sir  John  Ilerschers;  and  the  equation  (31.),  of  article  45, 
which  determines  this  vector  for  the  ellipsoid,  was  one  of  a  few  e^uatkMU 
whidi  mn  designed  to  have  been  exhibit  to  the  Bfilirii  Amocmtfan  at 
its  meeting  in  1B46:  but  were  accidentally  forwarded  at  the  latt  moment 
to  C  Hi  l  l  ;\vood,  instead  of  Southampton,  and  did  not  come  to  the  handii 
of  the  eminent  philosopher  ju»t  mentioned,  until  it  was  too  late  for  htm  to 
do  more  than  return  the  paper,  with  some  of  those  encouraging  cj^preaakMH 
if  which  he  dnlSf^  to  diecr,  as  opportunities  present  thimidfBib  ■HfMP' 
•oot  whom  he  ooocdfai  to  be  kbouii^g  mMifior  idfiMe. 
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In  this  manner  we  find  from  (41.)  the  following  very  simple 

formula:  S.ydyd^sO;  (42.) 

which  is  easily  seen,  on  the  same  principles,  to  hold  good,  as 
the  quaternion  firm  of  the  diffhrential  e^tation  of  the  lines  of 
curvature  on  a  curved  surface  generalltff  if  v  be  still  the  vector 
i^proximity  of  the  superficial  element  of  the  curved  surface  to 
the  origin  of  the  vectors  p,  which  vector  y  is  determinecl  by 
the  general  condition      S.ydtfsO,    •   •   •   •    •   •  (43.) 

combined  with  the  equation  already  written, 

S.y^al(S4.); 

or  simply  if  y  be  a  normal  vector^  satisfying  the  condition  (43.) 
alon&  Substituting,  therefore,  in  the  case  of  the  ellipsoid, 
the  expression  for  dv  given  by  (38.) »  and  observing  that 
S .  M}p*=0»  we  find  that  we  may  write  the  equation  of  the  lines 
of  curvature  for  this  particular  surface  as  follows : 

S.v(idpi(-f  )(dpi)d^sO;   •    .   •   •  (44.) 

which  eauation,  when  treated  by  the  rules  of  the  present  cal- 
culus, aamitsof  beinj;  in  many  ways  symbolically  transformed, 
and  may  also^  with  little  difficulty,  be  translated  into  geome- 
trical enunciations. 

47.  Thus  if  we  observe  that,  by  article  20,  irx— kti  is  a 
scalar  form^  whatever  three  vectors  may  be  denoted  by  »,  x,  t  ; 
antl  if  we  attend  to  the  erjuation  f  l  '^  ),  wliich  expresses  tl>;it 
the  normal  v  is  perpendicular  to  the  linear  element,  or  intini- 
tesimal  chord,  dp;  we  shall  perceive  that,  for  nv';;^  direction 
of  that  element,  the  followinf^  etjuation  iiuids  good: 

S .  »(idpx— xtip*)dp  =0  (45.) 

We  have  therefore,  from  (44. )>  for  those  pariicular  directions 
which  belong  to  the  lines  of  curvature,  this  simplified  equation; 

S.yid/)xd/»=0;  (46.) 

which  may  be  still  a  little  abridged,  by  wridng  instead  of  dp 
the  symbol  r  of  a  tangential  vector,  already  used  in  (86.);  for 
thus  we  obtain  the  formula: 

S.MTxrsO  (47.) 

We  miffht  also  have  observed  that  by  the  same  article  20 
(Phil.  Mag.,  July  1846),  inc+xri  and  therefore  id^x+xd^i  is 
a  vector  form^  and  that  by  article  26  (Phil.  Mag.,  August 
1846),  three  vector-&ctors  under  the  characteristic  S  may  be 
in  any  manner  transposed,  with  only  a  change  (at  most)  in  the 
positive  or  negative  sign  of  tlie  resulting  scalar;  from  which 
It  would  have  followed,  by  a  process  exactly  similar  to  the 
foregoing,  that  the  eauation  (44.)  of  the  lines  of  curvature  oo 
an  ellipsoid  may  be  thus  written, 

S.vdf»dpx  =  0;  (48.) 
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or»  substituting  for  the  linear  element  dp  the  tangential  vector  r, 

S.mTx=0;  (49.) 

or  finally,  by  the  principles  of  the  same  SOth  article, 

vrtne-^xriTysO.      •    .    •    •   •  (50*) 

48.  Under  this  last  form^  it  was  one  of  a  few  equations 
selected  in  September  1846,  for  the  purpose  of  being  exhibited 
to  the  Mathematical  Section  of  the  British  Association  at 
Southampton;  although  it  happened*  that  tlie  paper  con* 
taining  those  equations  did  not  reach  its  destination  in  time  to 
be  so  exiiibitcd.  The  equations  here  marked  (4-9.)  and  (50.) 
were  however  published  (jefore  the  close  of  the  year  iu  which 
that  luec'luif;  was  held,  as  part  of  the  abstract  of  a  communi- 
cation which  had  been  niiulc  to  the  Koy:d  Iris>li  Academy  in 
the  summer  of  that  year,  (i^ee  the  Proceedinirs  of  the  Acailem^' 
lor  July  184(>,  equations  (4(>.;  and  (4:7.).)  J.  rom  the  sonie- 
what  discursive  character  of  the  present  series  of  communica- 
tions on  Quaternions,  and  from  the  desire  which  the  author 
feels  to  render  them,  to  some  extent,  complete  within  them- 
selves, or  at  least  intelligible  to  those  mathematical  readers 
of  the  Philosophical  Magazine  who  may  be  disposed  to  favour 
him  with  their  attention,  to  the  degree  which  the  novelty  of 
the  conceptions  nnd  method  may  require,  without  its  beinf^ 
necessan/  for  such  readers  to  refer  !o  other  publications  of  his 
own,  he  is  induced,  and  believes  Inmself  to  be  authorized,  to 
copy  here  a  few  other  equations  from  that  short  and  hitherto 
unpublished  .Southampton  pajier,  aiui  lo  aiuiex  to  them  an- 
other formula  which  may  be  Ibuud  in  the  Proceedings,  already 
cited,  of  the  Royal  Irish  Academy  :  together  with  a  moreex« 
tensive  formula,  which  he  believes  to  be  new. 

49.  Besides  Uie  equation  of  the  ellipsoid^ 

(if>  +  fx) (pi  +  xp)  =  (21.),  art.  44 ; 

with  the  expression  derived  from  it,  for  the  vector  of  proxi- 
mity of  that  surface  to  Its  centre, 

(x«-,«)«y=(,Vx^V  +  'P  +  xf<  (31.),  art  45; 

the  equation  lor  the  lines  of  curvature  on  the  ellipsoid, 

VTiTx— XTiTv  =  0  (50.),  art,  4-7; 
ami  tlie  ctjuation  vT-fTv  =  0,    ......  (51.) 

which  is  a  lorm  of  die  relation  8.i^r  =  0,  that  is  of  the  equa- 
tion ['Mj.)',  ai  ticle  45,  oi  ilic  present  series  of  communications  j 
tile  author  gave,  in  the  paper  which  has  been  above  referred 
to,  the  Ibllowing  symbolic  transformation,  for  the  well-known 
characteristic  of  operation, 

ay-  (I)** 

•  See  the  note  to  ui  iicio  45. 
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which  mm%  to  htm  to  cpen  *  wide  and  new  field  of  analydcal 
research*  conoected  witn  many  important  and  difficult  de» 
partments  of  the  matbematical  stiulv  of  nature. 

A  QUATERNION,  si/mbolicaUt/  considered,  being  (according 
to  the  views  originally  proposed  by  the  author  in  1^43)  an 
algebraical  quadrinomial  or  the  form  'w-\-ix-\-jy-^  k-,  where 
wxi/z  are  any  four  real  numbers  (positive  or  negative  or  zero), 
while  ij7:  are  three  co-ordinate  imaginary  units,  subject  to  the 
fundamental  laws  of  combination  (see  Phil.  Mag.  for  July 
1844) : 

y^k;jk=si;  ki=j;  V  •    ,    .    .  (a.) 

ji^^hi  ik^-^jiJ 

it  results  at  once  from  these  definitio»s»  or  laws  of  sjrmholio 
combination,  (a.)»  that  if  we  introduce  a  new  characteristic  of 
operatioot  <,de6ned  with  relation  to  these  three  symbols  {/^i 
and  to  the  known  operation  of  partial  differentiation,  performed 
with  respect  to  three  independent  but  real  variables  xyzf  aa 
follows : 

^     id     jd     kd  „  , 


Mis  fisn  tkmtuUriUk  ^  KiB  kaoe  the  tiegaiive  Us  st/mboik 
iquare  tspMmd    thtfiikmsngjomnda  i 

, ,     {ih         •  •  CO 

of  whfch  it  !s  clear  that  the  npplications  to  analytical  physics 
must  be  extensive  in  a  high  d r^ree.  In  the  paper*  designed 
for  Suiiihampton  it  was  remarks  tl,  as  an  illustration,  that  this 
result  enable:)  us  lo  put  the  knowii  (.hciinulugicui  ec^ualiun, 

d«u     d«v     d^i?  ^    du  • 

di«'^^"^d"?+*aj=^ 

onder  the  new  and  more  symbolic  form, 

{<'-'^)v=»i  (A) 

while  <  r  denotes,  in  quantity  and  in  direction,  the  Jiiue  of 
l»eat,  at  the  linic  /  and  at  the  point  .ryr. 

50.  In  the  Proceedings  ol  the  Royal  ii  isli  Acadeiiiy  lor 
July  lS4f6f  it  will  be  found  to  have  been  noticed  that  the  same 
new  characteristic  <]  gives  al»  this  other  general  transfcyrma- 
tion,  perhaps  not  less  remarkable,  nor  having  less  extensive 

*  In  ihat  paper  itiielf,  the  cluiiacteiiHtic  was  wriiicn  ^  ;  but  tiua  iiiute 
comaioa  itgn  h«s  been  «o  often  used  with  other  meanings,  that  \t  leBins  de>l<* 
nble  to  abstain  fmnnnnNropriating  it  to  the  new  lignification  here  proposed. 

US 
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cxxMoqtieoceti  mmI 
quaternioo: 


preaeots  itaelf  wder  the  fim  olt 


.  ./di?     dii\  .  duX  .  ,  fdu  dl\ 


In  fact  the  eqiuticHM  (a.)  give  generally  (see  ait.  21  of  tlw 
present  series)* 


} 


if  T^z/tiv  denote  any  six  real  numbers ;  and  the  calculatioQslij 
which  this  is  proved,  show,  still  more  generally,  that  the  ssne 
transformation  must  hold  good,  if  each  of  the  three  symbols 
hj*  ^9  subject  still  to  the  equations  (a.),  be  commutative  in 
arrangement,  as  a  symbolic  factor,  with  each  of  the  three 
other  symbols  ;r,  ^,  «;  even  though  the  latter  symbols,  like 
the  former,  should  not  be  commutative  in  that  way  among 
themselves ;  and  even  if  they  should  denote  symbolical  instead 
of  numerical  multipliers,  possessing  still  the  distributive  chs- 
racter.  ^^'e  may  therel'orc  change  the  three  symlTols  -Tft/.T, 
respectively,  to  the  tiiree  characteristics  of  partial  di&reotui- 

tion,  ^ ;  and  thus  the  formula  (e.)  is  seen  to  be  in- 

cluded in  the  formula  (f.\  And  if  we  then,  in  like  manner, 
change  the  three  symbols  /,         regarded  as  factors,  to 

that  is,  to  the  characteristics  of  three  partial  di^ 

ferentiatiotis  performed  with  respect  to  three  new  and  imle- 
pendent  variables  t/,  y»     we  shall  thereby  diange  ^  to 

~ ^  and  80  obtain  the  fommla: 


/.  d    .d     ^d\/.  d   .  .  d     ,  d\ 

V  Si-^^^  -^^di)  V' d?  +^  d?  +^  s>) 

/  d   d       d  d       d  d  \ 

'  Vd^  d?    d*  dy;     Wd?  d*d?/ 

.1  d  d\ 

Wdy  "  d^dSr 
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r  which  includet  the  formtila  (c*)^  and  is  now  ibr  the  first  tinie 

published. 

This  formula  (g.)  i6»  however,  seen  to  be  a  very  easy  and 
immediate  consequence  from  the  author's  fundamental  equa- 
tion^ of  ^  S4-,S,  or  from  the  relations  (a.)  of  tlie  foreffoing article, 
wliicii  admit  of  being  concisely  summed  up  in  lite  rollowing 
continued  equation: 

{^=p9Bj^=ijkza^U    .    .    .    «    •  (h.) 

The  geometrical  interpretation  of  the  equation  S.fristrasO  of 

the  lines  of  curvature  on  the  ellipsoid,  with  some  other  appli- 
cations of  quaternions  to  that  important  surface,  must  be  re- 
served for  future  articles  of  the  present  series,  of  which  some 
will  probably  appear  in  an  early  number  of  this  Magazine, 
r  [To  be  coutiaued.J 

u  XL VII.  On  the  Equation  in  Numbers  Aoj^  +  By^  +  C^^m  Dx}», 

and  Ui  auoeUUe  s^sUm    Eptaiumi*       J.  J.  Sylve8txb» 

[CootaDued  frorm  p.  191.] 

IN  the  last  Number  of  this  Magazine  I  cave  an  account  of 
a  remarkable  transformadon  to  which  9te  equation 

^'  is  subject  when  certain  cnndiiions  between  the  coefficients  A, 

^  B,  C,  D  are  satislieil ;  winch  conditions  I  shall  begin  by  ex- 

pressing with  more  generality  and  precision  than  I  was  enabled 
to  do  in  my  former  communication. 

^  !•  Two  of  the  quantities  A,    C  are  to  be  to  one  another 

in  the  ratio  of  two  cubes. 

S.  5^7  ABC — roust  contain  no  positive  prime  factor  what- 
ever of  the  form  6n  + 1 .    I  erred  in  my  former  communication 

^  In  not  excluding  cubic  factors  of  this  form. 

3.  If  2*  is  the  highest  power  of  2  which  enters  into  ABC, 

'  and  2"  the  highest  power  of  2  which  enters  into  I),  then  cither 

m  must  be  of  the  form  3n±U  or  if  not,  then  m  must  be  greater 
than  3n, 

These  three  conditions  being  sati.^licd,  the  given  equation 
can  always  be  iranstbrnicd  into  another, 

where  A't^  +  B'c^  +  C  V= lyiiinr, 

A'BrasABC   ly^D   tiiw  =  aiacior  of;s. 

The  consequence  of  this  ia^  as  stated  in  my  Ibrmer  paper^ 
that  wherever  A,  B,  C,  D,  besides  satisfying  the  conditions 

above  stated)  are  taken  so  as  likewise  to  satis^  the  condition»— » 
1°,  of  ABC  being  equal  to  2^"^^^  or  J®,  of  ABC  being  equal  to 
provided  in  tlie  first  case  that  ABC  is  also  of  the 

*  Conmaiilcstid  by  tlie  Aethor* 
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forin  9ii±  I,  and  in  the  second  esse  AfiC  egam  of  die  lems 
form  9m  ±1)  but  likewise  D  divisible  by  9»  ji  being  in  bodi 
cases  a  prime,  then  the  given  equation  will  h^generalfy  inso- 
luble. And  I  am  now  enabled  to  odd  that  the  omJ^  solutioo 
of  which  it  will  in  any  case  admit,  is  the  solitary  one  found  by 
making  two  of  the  torms  Ka^^  By^»  Gs^  equal  to  one  another } 
so  that»  for  instance,  if  the  given  equation  shoiiki  be  of  the 
form 

+ ABC .  a8«D«y«, 

then  the  above  conditions  iMing  satisfied^  the  one  solttMy  ao- 
lutioo  of  which  the  equation  can  possibly  admits  ii««al  ym\^ 

Air*— D;s  +  2=0, 

whicii  may  or  may  not  have  possible  roots.  I  call  this  a  soU- 
tan/  or  singular  solution,  because  it  exists  alone  nnd  no  other 
solution  can  be  deduced  from  it;  wliereas  in  general  1  shall 
show  that  any  one  solution  oi'  liic  equation 

A«»»4-By8  +  Ca»=:D*y« 

can  be  made  to  furnish  aninfinitj^  of  other  solalions  indepen* 
dent  of  the  one  supposed  given,  u  e*  not  reducible  thereto  by 
expelling  a  common  factor  from  the  new  system  of  values  of 
Sfi/,  z  deduced  from  the  given  system. 

The  following  is  the  Theorem  of  Derivation  in  questioii: 

Let 

Then  if  we  write 

F=Aa?   G=B/3»  H«C/» 

and  make 

PG  +  G^H  -1-  H*F^  dFGH 
5^»FG»+GH*+HF>*SFGH 

^  {F+G>4-H^-3FGH>, 

^'  «  «/37  { F«+ G«+  H«-  FG  -  FH-  GH}, 

we  shall  have 

«-'*  +  2^  +  ABC2'''  =  D.r^z. 

I  am  hence  enabled  to  show  tluit  whenever  j^  +  i/^  +  Ajt* 
s=Drifr  h  insoluble,  there  will  be  a  whole  fannly  of  allied 
equaauiii  ctjually  in<;o*luble.  For  instance,  beca  1180.1*^ -f- y'  +  ^j* 
sbO  is  insoluble  in  integer  numbers.    I  knosv  likevwse  that 

are  each  equally  insoluble. 
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X  {aP-^i^  +  -J® — — js^^  +  2^jr*) 

where  %  0^  tt^  are  rational  integral  functions  of  .r,^,  ;r. 

Hence  each  of  the  factors  must  be  incapable  of  becoming 
lero*. 

As  a  particular  iujrtance  of  my  general  theory  of  transfor- 
mation and  elevation,  take  the  equation 

+ + 2j8®  =  M;r^ 

Tben^  with  the  exception  of  the  singular  or  solitary  solution 
d:=  1  V^l)  of  which  I  take  no  account^  I  am  able  to  affirm 
that  for  all  values  of  M  between  7  and  --6»  both  inclusive, 
with  the  exception  of  Ms— 2»  the  equation  is  insoluble  in 

integer  numbers. 

Take  now  the  etjuation  where  M  =  —  2,  viz. 

One  particular  sdntlon  of  this  is 

Anotiier«  which  I  shall  call  tlie  second  t)  is 

^=3    2=— 2» 

From  the  first  solution  I  can  deduce  in  succession  the  follow- 
ing: 

jr«ll  y»5  «»— 7 

dr=:s. 793269121  ^=117949000  1189785855 

&e.         ftc*  8ec 

From  the  second, 

jTs -10085  ^=8921  84i2 

s:«b8ec.        ^"s&c.  ksb&g* 
Ai  another  example^  take  the  equation 

One  solution  of  the  transformed  equation 

is  evidently 

tt=l     V=«l  ti:=l. 

♦  It    however    ilTiricntly  evident  from  their  intrimic  form,  which  may 

be  reduced  to  ^(M^'+^N^)*  that  thi*  impowibtiity  exists  for  all  the  facton 

txcept  the  first, 
t  See  Poitterifit. 
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Hence  I  can  deduce  an  infinite  series  of  solutions  of  the gifCB 
eqoAUOiiy  of  which  the  lirst  in  order  of  ftscenl  wiU  be 

#as5   j/=7    a  =  S. 

Agaia»  the  lowest  powibie  tolatiop  in  integenof  the  ecpntioo 

will  be 

The  equation 

admits  of  the  solutions 

1  tnibt  that  111^'  readers  will  do  me  liie  justice  to  beiicve  liiai 
I  am  ill  possession  ofa  strict  demonstration  of  all  that  has  been 
here  advanced  without  proof.  Certain  of  the  writet^s  fricndi 
on  the  continent  have^  in  their  comments  upon  one  of  Iw 
former  pai^ers  which  appeared  in  this  Magazine,  oomplimeoled 
his  powers  of  divination  at  die  expense  of  his  judraneDt,  ia 
rather  gratuitously  assuming  that  tlieauthor  of  theTlieory  of 
elimination  was  unprovided  witli  tlie  demonstrations,  which  he 
was  too  inert  or  too  beset  with  worldly  cares  and  distractions 
to  present  to  the  public  in  n  sufficiently  digested  form.  The 
proot  of  whatever  has  been  here  advanced  exists  not  merely 
as  a  conception  of  the  author's  mind,  but  fairly  drawn  out  IB 
wriiiiig,  and  iu  a  ibroi  fit  for  publicatiou. 

P.S.  It  must  not  be  su]>posed  that  the  two  primary  or  bask 
solutions  aliove  given  of  the  equation 

viz.  xsl  ^as-*!  jrsl 

are  iudept^ndent  of  one  another.  The  sctoiul  may  be  citi  ivtd 
from  the  first,  as  I  shall  show  in  a  future  commuuiciiiiun.  In 
fact  there  exist  three  hidependent  processes,  by  combinii^ 
which  together^  one  particular  solution  may  be  made  to  give  * 
rise  to  an  infinite  series  of  infinite  series  of  infinite  series 
of  correlated  soluttonsy  which  it  may  possibly  be  diaoovered 
contain  between  them  the  general  complete  solution  of  the 
equation 

«»+y»+  Aa^sDjyiT.  J.  J,  S. 

S6  Lincoln^  bin  Fieldf, 

£  t  o  bo  cuntiuucd.J 
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XLVIIL  On  ike  ^itenikn  and  Bra  Iniroduaim  ^  Mr. 
lLaixa^%Prhaia%MnMme^  ^Richar]>Tatx.oS|jP*£^.4i^. 

"  Af  ■  Btep  in  the  progreM  of  riviliatioii  the  Sleam  IVms  can  only  be 

cniMparod  to  the  original  discoyery  of  Printilig  itsdif.'* — TIhm  iVirangNqMr, 

Jtdy  ?n.  1 S47,  on  the  death  of  Mr.  J,  WaU«r. 

MORE  tlmn  fi  pcntnry  after  its  introduction  the  first  inven- 
tion of  the  Ai't  of  Printing  became  a  subject  of  long-con- 
tinued miitroversy.  remarkable  for  the  insufficiency  and  fallacy 
of  the  iiidsL  coniidcnt  assertions  resting  upon  prctondcd  tradi- 
tions and  unsupported  conjectures.  And,  as  Iladnaii  Junius 
in  1575  first  disputed  the  daiuis  of  Guteui berg  alter  so  long  a 
period  had  elapsedj  bo  did  Atkyns  as  late  as  1664  first  deny 
the  title  of  Caxton  to  the  honour  of  having  introdaoed  the 
art  into  our  own  countij*  Hence  one  of  the  writers  in  this 
controversy  remarks  that  ''the  Art  of  Printing,  which  has 
given  light  to  most  other  things,  hides  its  own  head  in  dark- 
ness.^ 

It  will  be  our  own  fault  if  we  allow  any  unfmmded  as<;cr- 
tions  and  pretensions  to  obtain  currency  with  regard  to  an 
improvement  in  the  art,  of  which  17ic  Times  newspaper  has 
said  that  "from  the  days  of  Faust  and  Gutemberg  to  the 
present  hour  there  has  been  only  one  great  revolution  in  the 
art  of  printing,  and  it  occurred  in  the  year  1814.  Of  that 
revolution  Mr.  Walter  wm  theprammeiU  and  ieadrng  ageni/* 

Now  though  I  would  on  no  account  detract  from  the  se- 
neral  merits  of  the  late  Mr.  Walter^  as  set  forth  in  the  Obi- 
tuary and  extended  Memoir  which  appeared  in  The  Times  of 
the  29th  of  July  and  16th  of  September^  yet  I  cannot  allow 
the  representations  which  are  made  in  these  articles,  as  to 
any  «harc  v.  hich  he  is  alleged  to  have  had  in  tfiin  important 
invciitio]!.  t!)  pass  without  the  most  unqnalitied  contradiction* 

In  the  Obituary  we  read  as  foUuvvs  ; — 

**V>nt  one  achievomcnt  idonc  is  sufficient  to  place  Mr.  Walter 
high  in  tlmt  li:^t  which  tiie  world,  as  it  grows  older  and  wiser,  will 
more  and  more  appreciate — 

'  Inveiitas  aut  ^u^  viuai  excoluere  per  artes, 
Qniqae  siii  meaoRs  elioe  fecete  mmodo.' 

He  first  brought  the  steam-eDgine  to  the  aisistanoe  of  the  public 
pree.  Familiar  as  the  discovery  is  now,  there  was  a  time  when  it 
seemed  frauglit  with  dIfEculties  as  great  a?  those  which  Fulton  has 
overcome  on  one  elemenf  nnd  Stephenson  on  another.  To  take  off 
5(KX)  impreiasions  in  an  hour  waa  once  m  ridiculous  a  cuuception  as 
to  paddle  a  ship  fifteen  miles  against  wind  and  tide,  or  to  drag  in 
that  time  a  train  of  carriages  weighing  100  tons  fifty  miles.  Mr. 
Walter,  who»  without  being  a  visionary,  may  be  said  to  have  thought 
nothing  imijossiblc  that  was  useful  and  good,  was  early  resolved  that 
there  should  be  no  impossibiUty  in  ))rintin[r  by  ^^tcatn.  It  took  a  long 
time  m  those  days  to  strike  off  the  JllOU  or  4U0U  cop^  oi  Xh^ 
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TimBB*  Mr,  Wtltor  oottld  not  braok  tlM  taedhtm  of  tke  mtnotl 
pvooeat.  Aa  Mily  M  the  ycv  1804  aa  ingenioin  ooBipoaftor* 

Thomas  Martyn,  had  invented  a  self-acting  machine  for  wottinr  tlie 
press,  and  haJ  jiroduced  u  model  which  sati!^ficd  Mr.  Walter  cf  the 
feasibility  of  the  scheme.  Being  assisted  by  Mr.  Walter  witli  the 
necessary  fiind?,  he  made  considerable  progress  towards  the  comple* 
tion  of  inn  woik." 

«<  On  the  very  eve  of  tncoen  he  iras  doomed  to  bitter  disappoint* 
ment.  He  had  exhausted  hb  own  ftinds  in  the  attempt,  and  hit 
father,  ytho  had  hitherto  attiated  him,  became  disheartened,  and  ie» 
fused  him  any  further  aid.  The  project  w.i?  therefore  for  the  time 
abandoned."  [IMiy  abandoned,  we  may  ask,  if  so  feasible,  and  on 
the  very  eve  ot  success }] 

"  Mr.  Walter,  however,  was  not  the  man  to  be  deterred  from  what 
he  had  onoe  fesolved  to  do.  He  gave  his  mind  inrrs ■ndy  to  tfaa 
subject,  and  (^urted  aid  from  all  quarters,  with  his  usual  manifioSDOe. 
Id  the  year  1814  be  was  induced  by  a  clerical fmnd.  in  whose  judge- 
ment he  confided,  to  make  a  fresh  experiment ;  and  nrrordingiy  the 
machiner}'  of  the  amiable  and  ingenious  Kcrnig-,  asfisttd  by  his  younp: 
fiiend  Bauer,  was  introduced — not,  indeed,  at  first,  into  The  Times 
office,  but  into  the  adjoining  premises,  such  caution  being  thought 
necessary  from  the  threatened  violence  of  the  pressmen.  Hera  the 
work  advanced,  under  the  frequent  inspection  and  advice  of  the 
friend  alluded  to.  At  one  period  these  two  able  mechanics  sus- 
pended their  nnxioits  toil,  nnd  left  the  premises  in  di«rrn«?t.  After 
the  kpsc.  however,  of  about  three  days,  the  same  f^enticman  dis- 
covered their  retreat*,  induced  them  to  return,  showed  them  to  their 
anrprbe  liieir  difficulty  conquered,  and  the  work       in  progress." 

Who  would  not  infer  from  the  above,  that  Mr.  Walter, 
having  determined  ^  to  make  a  fresh  experiment,^'  in  pitfw 
luaiiee  of  thote  which  lie  htd  long  he/km  abendooed  (DOt> 
withstanding  his  early  rciolutioii  that  there  should  be  no  in^ 
possibility  in  k),  and  ^  courting  aid  from  all  qoarters  with  his 
usual  munificence/'  had  been  actually  the  person  that  enabled 
Mr.  Koenig  to  pursue  his  labours  on  Mr.  Walter's  premises, 
^  under  the  inspection  and  advice  of  Mr.  Walter's  cleriod 
friend,"  and  thus  to  produce  his  invention?  Whereas,  in 
truth,  Mr.  Walter  knew  nothing  of  Mr.  Koenig  till  after  his 
invention  had  hcvn  completed.  He  was  merely  the  tirst 
newspaper  proj)iietor  who  purchased  from  the  Patentees  the 
Printing  Machines  long  before  inventi  il  1  v  Mr.  Kcrnig.  Of 
these  patentees  I  was  one,  and  as  1  am  liuw  the  s(de  snrvivor, 
it  devolves  upon  me  to  conti'adict  any  erroneous  statements 
and  unfounded  pretensions.  I  feel  this  to  be  the  note  ne- 
cessary^  as  alreadv  the  misstatements  of  The  Times  are  cfa^ 
culateoj  with  adcittions  and  exaggerations,  in  other  joumsls. 

•  To  me  this  «tnn'  npprars  not  n  litt!o  cxtraordimrv  • — the  "  drsform* 
of  the  retreat"  of  Mesara.  K.  and  B.!  who  were  every  tiuy  to  be  found  in- 
pwialending  our  iketory  la  Whiteems  StntiL  >  -B.  T. 
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1  Thus,  in  an  article  in  tlie  Mechanics'  Magazine  for  Sept.  18, 

1  copied  into  the  newspapers,  I  find  the  luUowing  passage  : — 

'  "  No  sooner  were  presses  made  of  iron,  than  the  iileti  ocrnrred  of 

*  W'uikinj;  them  l)y  steiini  ;  and  the  ftrst  to  welcome  the  ucw  iind  happy 
'  thought  was  the  proprietor  of  a  journal  which  stood  in  instant  need 
'  of  MiM  toch  puweriu  auxiliury  to  enable  him  to  keep  paoe  with  a 

ehteiiiation  unezampM  in  the  htatoary  of  the  press,  and  whow  with* 
'  out  it,  would  most  assuredly  iiefer  hm  baen  able  to  attain  to  that 

*  prodigious  influence  which  for  many  years  past  has  at  once  asto- 
m8he(i  and  juvcd  the  world.    Kocnig,  the  ingenious  inventor  of  the 

'  steam  -  pre  bs  ^  found  in  the  proprietor  of  The  Times  his  naturid  and 

best  possible  patron.  With  the  liberal  aid  of  the  kUt  ^fr,  WkUer, 
kgpriinee^  a  mackiMe  of  somewhat  gigantio  aite«  hut  nefeithelesa 
poaaeaabg  n  eompleteness  of  design  and  puipoae  which  oast  all  other 

^  anrface  printing-presaes  into  the  shade/' 

I  And  again — 

i.  "  Hie  ateam-prcss  has  given  occupation  to  many  thousands,  who, 

but  for  its  intr(u!nrtion,  would  have  been  standing  idle,  and  who 
\  onght,  one  and  all,  to  bless  the  memory  of  Mr.  Walter  for  ennhfing 

the  inventor  to  work  out  hU  ideas,  and  perfeot  his  great  and  glonous 
undertakin**." 

Now  the  whole  of  this  is  a  fable.    Mr.  Walter  was  no 
J  "natural  and  l)est  po5«s!ijle  patron"  of  Mr.  Kfcnig's, — ?^ave 

r  him  no  **  liberal  aid  in  producing  his  niacliine,'*  nor  did  any- 

*  thing  whatever  to  "  enable  him  to  work  out  his  ideas.**  These 
iuid  all  been  woiked  out  long  before ;  patents  had  been  taken 
onfy  a  machine  had  been  maiiej  and  was  in  operation  on  the 
premises  of  the  Patentees,  before  ever  Mr.  Walter,  or  any 
other  newspaper  proprietor,  was  applied  to  and  invited  to 
adopt  it.  Mr.  Perry  of  the  Morning  Chronicle  declined, 
alleging  that  he  did  not  consider  a  newspaper  worth  so  many 
yaurs'  purchase  as  would  equal  the  cost  of  machines.  Mr. 
Walter,  "being  n  rantioiis  man  of  the  world,"  but  enterprising, 
"it  being,''  as  his  biopmphrr  f^av^.  "  bis  habit  the  game 
of  life  never  to  throw  away  a  chance/'  when  he  had  fidly  sa- 
tisBed  himaclf  by  seeing  that  the  invention  was  accomplished, 
and  in  effective  operation,  consented  to  give  an  order  for  two 
machines,  for  the  cost  of  whieli  he  paid  us  a  certain  suai,  aiul  a 
rental  according  to  the  number  of  copies  printed ;  and  this  rent 
we  received,  until  it  was  oonunuted  for  a  sum  agreed  upon. 

I  do  not  mean  to  chaige  the  writer  in  the  Mechanics'  Ma- 
gasine  with  any  intentional  misrepresentation.  He  has  evi* 
dently  been  misled  by  the  articles  in  The  Hmes,  which  though 
they  do  not  directly  assert  all  that  be  has  inferred  from  them, 
yet  they  imply  as  much.  Thus  a  story  gains  in  the  telling, 

*  Mr.  Konig's  invention  is  very  inapproprlaCdjrdeiignated  by  tba  terms 

"•team-press,"  and  *'  the  worlcing  of  iron  prrs^?s  by  steam"  ItS  COPf  IrnO" 
tion  is  wholly  independent  of  the  moti?e  power  emplojcd* 
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tin  the  most  vague  and  unfounded  suggestions,  if  uncontfa- 
dictedi  are  assumed  as  indisputable  facts;  and  it  would  be 
recorded  that  if  Koenig  was  the  Outemberg  of  the  new  dis* 
covery,  Walter  was  at  least  the  Faust  or  Schoefler  of  the 
afiair,  or  rather,  both  in  one. 

I  am  convinced  that  Mr.  Walter,  were  he  living,  would 
(lisclaim  the  pretensions  that  have  been  made  in  his  nnnio : 
and  indeed  he  has  done  so  in  the  announcement  which  ap- 
peared in  The  Times,  Nov.  20,  Ihl  l,  the  day  on  which  that 
journal  was  first  printed  by  the  machines,  and  which  contains 
the  following  passage : — 

*'  That  the  completion  of  an  inv(  ntion  of  this  kind,  not  the  effect 
of  chance,  but  the  result  of  mechanical  combinations  methodically 
arranged  in  the  nund  of  the  artiBt*  ahould  be  attended  with  many 
obetnicttoas  and  much  delay  may  be  readily  admitted.  Our  share  in 
the  event  has  indeed  only  been  the  application  of  the  discovery,  under 
an  agreement  with  the  patentees*  to  our  own  particular  business.'* 

The  time  for  effecting  the  great  revolution  in  the  art  of 
printing/'  says  Mr.  Walter's  biographer,  "  did  not  arrive  till 
the  year  1814."  Now  it  was  in  1809  that,  together  with  the 
late  Mr.  George  Woodfali,  I  joined  Mr.  Koenig  and  Mr, 
Bensloy  in  taking  out  patents*,  the  machine  being  even  then 
so  far  advanced  as  to  satisfy  us  as  to  the  prospect  of  success, 
and  to  enable  us  to  have  the  spocifiralioiis  drawn  up.  Kcenig 
had  gone  on  with  Bensley,  to  whom  I  had  recommended  him 
some  few  years  before,  up  to  the  year  ISOU,  when  the  taking 
of  premises  and  the  purchase  of  lathes,  tools,  &c.,  and  the 
employing  of  workmen,  with  the. salaries  of  Mr.  Koenig  and 
his  able  and  excellent  assistant  Mr*  Bauer^  led  Bensley  to  in- 
vite us  to  a  partnership  in  the  undertaking.  For  several  years 
it  occupied  much  of  our  time  and  attention,  and  cost  us  much 
money  (from  which  we  had  no  return  f )  and  much  anxiety. 
Each  experiment  suggested  some  improvement,  and  one  im- 
provement led  to  others,  so  that  additional  patents  had  to  be 
taken  out.  But  with  Mr.  Walter  we  had  none  of  us  any  com- 
munication, until,  as  I  have  before  stated,  the  machine  had 
been  completed  and  was  at  work  on  our  own  premises, 

I  have  thought  it  right,  under  the  circumstances,  to  put  on 

•  One  of  tlic  fuur  patents  bears  date  March  2D,  ISIO  (See  Phil.  Mag. 
vol.  XXXV.  Ist  Series,  p.  319).  It  was  taken  out  in  the  name  of  Frederick 
Koenig,  and  was  assigned  by  articles  of  partnership  to  the  firm  of  Ben&ley, 
Koenig,  Woodfali  and  Taylor. 

f  Mr.  K(i.Miig  kTi  En^'laixl,  suddenly,  In  dt>;gr.st  at  the  treacherous  con- 
duct of  licnsley,  always  shabby  and  overreaching,  and  whom  he  found  to 
be  laying  a  scheme  for  defrauding  his  partnen  in  the  patents  of  all  the  ad- 
Tantages  to  arise  from  them.  Hcnslcy,  however,  while  he  dcstroved  the 
pn>s]><  rts  fif  his  partners,  outwitted  liiniftt  lf,  and  grasping  at  allj  lost  alJ, 
iiecuintng  bankrupt  iu  fortune  as  well  as  iu  character. 

"\. 
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veoord  mj  own  recollections  as  to  the  progress  and  introduc- 
tion of  this  invention :  and  though  they  relate  to  transactions 
which  took  place  from  thirty  to  forty  years  ago^  I  helieve  they 
are  in  the  main  oonecty  and  can  be  confinned  by  docnmentaiy 

evidence. 

XLIX.  Proceedings  of  Learned  Societies. 

GAMBBIDOB  PHXLOSOPinCAL  SOCIETY. 
[Continued  from  p.  143L] 

ON  the  FBLTtHidiis  of  Nuraben*  on  Oombmations,  and  on  PenaiiQ<« 
tations.   By  Henry  Warbiirton,  M.P.,  F.R.S.,  F.G.S..  Mem- 
ber of  the  Senate  of  the  University  of  London ;  formerly  of  IVinity 

College,  A.M. 

The  use  made  by  Warlniz:  tlie  Partitionft  of  iiumbers  in  develo- 
ping the  power  of  a  polynome,  iaduced  the  author  to  seek  for  some 
general  and  ready  method  of  detennining  in  hov  many  different 
ways  a  given  ntimber  can  be  leedlved  into  a  given  number  of  parte. 

On  iiis  communicating  the  method  described  in  artide  5  of  Section 
I.  of  this  abstract,  to  Professor  De  Morgan,  In  the  autumn  of  1846, 
that  gentleman  intimated  a  wisli  that  the  author  would  turn  his 
attention  also  to  ( 'omhhiations  ;  and  such  was  the  origin  of  the  re- 
searches which  lomi  the  subject  of  the  2nd  and  3rd  sections. 

I.  Oh  the  Partiiious  of  Numbers, 

1.  Let  [N, denote  how  many  different  ways  there  are  of  re- 
solving the  integer  N  into  p  integral  parts,  none  less  than  ^,  Then 

CN.,»,]  =  [N±;,fl.p,+^]  a.) 

2.  Such  of  the  p- partitions  of  N  as  contain  ^  as  a  part,  and  no 
part  leas  than  ij,  are  ohtaincd  by  resolving  N— ij  into  p—l  part«  not 
less  than  i],  and  by  adding  ij,  as  a  pth  part,  to  every  such  (jp— 1)» 
partition.   That  is, 

CN,jj,]-LN,|i  J=sLN-^,|>-l].     .   .   .  (II.) 

3.  In  (n.)»  substitute  ^+1*  Y+S*  &c.  succeBsively  fas  f.  The 

sum  of  the  results  is 

Inthisexpression,  when^sl*^— 1}.  the  term  [N,|),^#+i] 

vanishes,  and  the  formula  then  becomes  analogous  to  one  published 
anonymously  by  Professor  De  Morgan  in  a  paper  printed  in  the 
fourth  volume,  p.  87,  of  the  Cambridge  Mathematical  Journal. 

4.  In (II.).  for  [N,^;,^i]  sttbttitnte  [N-iJv;.^^J.  and  transpose 

e  I^^Vs  employed  to  avoid  the  long  phrase,  the  integer  nearest  to 

N 

and  not  eiceediog 

P 
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tbetomii.  Then 

CN,|>,]-[N-,.p-13=CN-|»».p,];    •  .  (IV.) 

and  this  kudb  to 

9  n  9 

and  that  leads  to  the  mmimatioa 

[N,p,]=Si[N~|j,,z,]  (V.) 

The  lower  limit  of  z  in  (V.)  la  made  0,  in  order  that  the  fornmla 
mny  comprcliend  tlie  extreme  caie  [0,  Uij^l*  analogoui  to  th*  CX* 
treme  case  in  Combinations. 

5.  After  substituting  1  lor  i^,  tii€  uuthur  applies  fonuula  (IV.)  to 
determiuiijg  iu  how  many  different  ways  N  can  be  resolved  into  p 
parte  not  leia  than  1.  Let  [N,  p,]  be  tihe  tana  in  ik  taUeol donble 
entry  oorreaponding  to  column  N,  lioep,  in  the  table.  From  the 
bead*  in  line  0»  of  each  of  the  columns  0, 1,2, 8,  &c.,  draw  a  riiatnnnl. 
advancing  one  column  and  one  line  at  a  time.  Take  these  diagonals 
one  after  another,  and  in  each  of  them  coraj)ute  by  formula  (IV.)  the 
terms  situate  ou  lines  0,  1,  2,  3,  Slc,  one  by  one  iu  succession.  If  N 
be  the  number  at  the  head  of  the  column  from  which  any  diagonal 
takes  its  departure,  there  will  be  only  N  tenia  to  oompate  on  that 
dia^nal,  the  further  terms  lieing  only  repelftions  of  the  term  on  tim 
line  N.  Fur  the  diagonal  in  question  inteiaecta  line  N  in  oolunm 
2N;  and,  by  formula  V, 

[2N,N,]  =  S?CN,«i3 

s=  tlie  sum  of  all  the  terms  in  column  N.    But,  moreover, 

as  the  feamc  cuastunt.  The  Icuuiug  pro^)erty  ui  tiic  tabici  inuicated 
by  thefofmnla 

[N,|),]=Si[N-p,iJ. 
g 

la,  that  the  term  |[N,  pi]  =  the  sum  of  all  the  terms  in  column  N—pi 

from  line  0  to  line  p  inclusive.  After  the  publication  of  the  anony- 
mous; paper  before  referred  to.  Professor  De  Moigan  disooTSied  this 
theorem  ulso^  but  he  did  not  announce  it*. 

11,  Oto  CraiMMlioNS. 

1«  In  ordanaiy  Comlunations,  theconbining  dements  tie  ofdifier* 

ent  kinds,  and  there  is  but  one  element  of  a  kind :  in  the  case  here 
considered,  there  are  different  kinds  of  elements,  and  there  may  be 
many  element^  of  a  kind  ;  and  more  than  one  element  of  akindmay 

enter  into  tlie  same  com  hi  nation. 

2.  If  u  elements  enter  .iL  a  time  into  each  combu.alujii,  and  the 

•  The  author  has  recently  discovered  an  equivalent  fonnulit  in  p.  264 
of  Enler't  Int.  in  An.  Infinitorami  but  ioTestiasted  by  a  totally  diMM 
methoclf  «nd  not  applied  s«  the  author  has  spiHied  it. 
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kitttb  are  determinate  in  number*  and  theirnumber  it  «»1et  |  |  denoCa 

how  uiauy  dli}'ereQt combinations cun  then  be  formed;  u  the  elemenis 

are  determinate  In  number,  and  their  nnmber  it    let  the  nnmbcr 

of  the  combinations  which  can  then  be  constructed,  be  denoted  by 
{u,  <r}.  }fp  (af)  be  any  function  ofx,  let  I>       denote  the  co« 

efficient  of     in  that  function  developed  according  to  the  powers  of  jr. 

3.  The  same  thintr**  ns  bi.  fiiie  being  assumed,  let  a  iriven  set  of 
elements  consist  of  a  clciiu  iits  of  the  kind  A.  -f /3  elements  of  the 
Idud  B,  +  &c.  Take  the  product,  K,  ot  the  s  geometrical  progres- 
none, 

Then  K  will  be  of  the  form, 

1  +  S  [  A  ]  r  +  S  [    +  AB]af«+  S  [  A»  +  A«B + ABC  J«>  +  Ac., 
and  l^CK j  wiU  be  of  the  form 

the  last  expression  being  an  aggr^te  of  termi  of  the  form  AfB'fCr ... . 
each  containing  a  different  combination  of  «  of  the  given  elementiy 

and  their  sum  comprehending-  all  tbc  po«!»ible  comMriiilions  of  tlio^e 
tli  n  riu  taken  «  at  a  time.  Now,  if  A,  B, C,  &c  be  each  made 
equal  to  1 ,  K  will  become 

each  of  the  terin?  A^.B».  C^  &c.  will  become  1,  and  the  number  of 

all  the  terms  of  tlu>  form  A/'B'/C''. . .  which  D''[K]  or  S  [APB?C^..] 
contains,  that  is  to  say,  {u,  <r)  will  be  represented  by  D"  [^kj  ;  which 

latti  r  coefficient  the  author  next  proceeds  to  determine. 

Now 

-ci—'+'Jci-*^']...—  f.  [c«+i]'-"V](vu.) 

For  brevity,  write  u„  a,.  fti,Sic.  respectively,  for         a +  1, /J 
ae.;  andalso write  [1]  for  [i-*]"';  L2]ftwCl-*^Kl 
timt  Is.  for  [l-af^3  .        [3]  for  [1-afi]  [I-**]  [1 
tluilia,far  [1— s!^].^2].andaooii.  Then 

D''C2]  =  D"[1]-D"-^»[1J; 

and 

♦  According  to  the  factorinl  notation,  here  used  bj  the  uuiboTf  j"*!** 
repreieatf  t  Oil]C«+« J . . .      « — 1)] . 
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and 

D»[4]=D«[8]-iy-**[8];  and  toon;  (VIH.) 

and  the  Jereloped  product  of  tiie  binomes, 

that  is  tu  say, 

&c. 

when  multiplied  into  the  derelopment  of  f  1  — ~*, 

manifestly  leads  to  tlie  following  formula  : 

-  s  [D«—i-^-yi  [  1  ]]  +  &c  J 

where,  since  the  jinwcr-s  of  ^,  in  (VT.)  or  (VII.)  developed,  are  to  be 
ail  positive,  no  cx])resp.iori  of  the  form 

(«-«,),  (tt-a,-/3i).  (»-«i-A-yi),  &c. 
U  to  be  negative.  Then  by  givmg  to 

D*[l],  D»--t Ac  •   .  (EC.) 

(heir  retpective  values,  we  obtain  the  aeriea  of  expraanoaa ; 

where  in  aU  the  kinds  the  elements  are  plural  without  limit ;  a  for- 
mula given  by  ilirsch  : 

where  the  elements  A  are  limited  in  number  to  a,  but  those  of  the 
other  («— 1)  kinds  are  plural  without  limit : 

where,  moreover,  the  elementa  B  are  limited  in  number  to  /3,  but 
thoae  of  the  other  2)  kinds  are  plural  without  limit :  and  so  for 
the  ri'^t.   The  law  of  the  terms  being  evident,  they  need  not  be 

continued  further. 

Example  of  (IX.).  Given  one  element  of  1  kind,  two  elements  of 
a  2nd  kind,  three  of  a  3rd,  and  four  of  a  4th  ;  and  let  «=5.  Then 


— 4.5.G 

G.7.8 


— 4.5.G  -\ 

-3.4.5-hi.2.3l  no 
-2.3.4  P^^- 

-1.2.8  J 
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4*  .If  As/fsyssfte.,  (bimiik  (IX.)  beeomii 

Bmaple  of  fonnula  (X.)  Givm  tma  kmdi  ol  elwiMiiti,  tad 
tliree  of  cadi  kind ;  and  let  iias4.  Hien 

(K»  ^>=  p^y^^  [5.6.7.8.9.10- 7.1.2.3.4.5.63=203. 

5.  If  it  is  required  to  determine  many,  or  aU«  of  the  tenns  of  the 
aeriM  {0,<r},  {l,<r},  {2,  <r}....,  {<r»<r},  formulas  (VIIL)  rag- 

gest  the  following  prooest  (or  the  detenasnatHifi  of  tfaoae  torma* 
An  example  will  best  explain  the  process. 

Given  1  element  of  ime  land,  2  elements  of  a  second  kind,  and  3 

of  a  third  kind.  How  many  combination??  can  be  formed  from  these 
eiemenU.  when  taken  0, 1,  2, 3. 4, 5. 6  at  a  time,  respectively  ? 


0 

1 

2 

3 

4 

5 

6 

1 

3 

G 

10 

13 

21 

28 

Multiply  by  £1  -  jt^J;  that  U,  (ul^tract   

•  *• 

•  «  • 

1 

3 

G 

10 

15 

Coefficients  of  a*  in   

Hal%ly  by  [I-jc^J  ;  that  is,  subtract   

1 

3 

5 

7 
1 

9 
3 

11 

5 

13 
7 

CodkleBtS(il«>inri-«3]tl-«*][i-4r]-'' 
Mohiply  by  [!-«•}  1  thai  is,  aAttaok  ...... 

1 

•  •  • 

3 

•  •  • 

5 

6 

6 

1 

6 

3 

6 

* 

CoelRdartier««ui[l— «^][l~«nCl-««]  1 

1 

{0,.} 

3 

5 

so  „\ 

G 

5 

3 

1 

{G..} 

G.  T.<'t  a  set  of  clement*,  S,  such  n<?  we  have  been  previously  con- 
sider:.1::,  consist  of  two  similar  ^ets,  T  and  T',  which  do  not  cont  i"n 
in  commoQ  any  elements  of  the  same  kiud.  if  S  consists  of  c  ele- 
ments combining  «  at  a  time«  and  T  consists  of  r  elements  combining 
V  at  a  tiflse,  T*  will  consist  of  (o-— r)  elements  combining  (u->o)  at 
a  time.  Consider  u  as  constant,  for  the  moment,  and  r  as  variable. 
The  author  then  shows  that  if  by  the  process  described  in  art.  5,  the 
ivlirlc  series  of  terms  {»','''}  «ind  the  whole  series  of  terms  |r<  — v, 

<r  — r|,  have  been  determined,  we  can  thence  determine  the  whole 

series  of  terms  {a>  tf")  by  means  of  the  formula 

and  of  this  he  gives  ezamplea. 

7.  In  lbnnn&  (XI.)  subatitnte  (ff'^a)  for  a ;  and  develope  {»,  ^} 
and  {<r->a,  r)  in  the  manner  indieated  by  that  fbrmnla.  By  com« 
paring  the  1st,  8nd,  3rd,  &c.  tenna  respectively  of  (a,  v}  with 
the  last,  last  but  one,  last  bnt  two»  &c.  terms  d       a,  9),  and  vice 

PhU.  Mag.  S.  S.Yol.  81.  No.  fi08.  Oct.  1847*  X 


Digitized  by  Go  -^v^i'- 


006  Cambridge  FhUotophicai  iiiociei^. 

vend,  tlie  author  tbowi  that         will  be  idntisal  widi  {r— «.  r}, 

provided  {f .  r}  U  identical  with {r—v.r}, andpiondad  idao  {a^«» 
o*— r}  it  identical  with  fr»«'»(ti«-p)»  r— f].  But  thia  idcnliky 
actually  extlte  when  T  consiata  of  elements  of  one  kind  only,  and 
when  T'  also  consists  of  elements  of  one  kind  only.  For,  iu  that 
case,  every  term  of  the  series  and  every  term  of  tlie  scries 

{«—!;,  a— r}  is  equal  to  1.  Let  the  elements  of  the  single  kind 
which  T  contains,  be  difft'i  ciit  from  those  of  tlie  .-ingle  kind  which 
T'  contains.  Tiien  the  idontity  iu  question  will  exist,  when  S  con- 
sists of  elements,  finite  in  number,  of  two  different  kinds :  conse- 
quently, it  aidati  alao  whenT  consisti  of  altnenti^  §aatm  in  iuimbar» 
of  two  different  kinds,  and  1*  eontiati  of  clamenta,  inite  in  munbar* 
of  OBO  or  two  other  kind  or  kinds  t  that  is,  when  S  consists  of  ele- 
ment?.  finite  in  number,  of  three  or  four  different  kinds.  And  there* 
for*.-  uuiver^iUiy,  in  the  case  n*"  v  eil  of  fimtely  plural,  as  oi  aing«lar 
elements,  the  following  luw  obtmiis : 

{«,r}={ir-«,r}  (Xil.; 

Hence  it  feUowa  thai  in  applying  fnmiilft^  (IX.)  nnd  (X.)  to  parti- 
cular cases,  the  labour  of  computation  will  "be  shortened  by  substi- 
tuting for  the  varinblc  the  lesser  of  the  two  numbers  u  and  r — u. 

8.  The  author  litxt  considers  how  many  ditleri^at  combinations 
can  be  formed  from  a  given  set  of  elements,  when  ever^'  combiuatiQB 
is  to  be  constructed  in  conformity  with  a  given  type ;  m  wbiofa  type 
there  are  m  different  kinds  containing  V  dements  each,  m'  other  dif- 
ferent kinds  containing  v'  elements  each,  m"  other  different  kinds 
containini'  r"  elements  each,  and  «o  on;  and  where,  e^n^efniently, 
in  eueh  cuiublnntion,  s,  the  nun^ljcr  of  kind?',  h  m-^  m  -f-  ^c. ; 
and  u,  tht  number  of  t;lement«,  iti  nw  tn'v'  m  v  o«c.  The  type 
remaining  constant,  any  combination  conformable  thereto  may  be 
altered,  either  by  changing  the  particular  X  kinds  which  ate  selected 
cmt  of  the  s  given  kinds ;  or,  the  kinds  remaining  the  same,  by  alter- 
ing t!ie  distribution  of  the  prts  v,v,v, .  .  .  (m)r,  r',  v*,  .  .  .  {m')v  .r'^.r", 
.  .  .  r>  • <^c.,  amonsT  tlio^e  kinds.  When  all  tlie  elements  arci>Iur;il 
without  limit,  the  changes  of  the  former  description  will  be  repre- 
sented by 

and  thoaa  of  the  latter  description  by 

 1*|  

lr«|l.  ImV,  l-"!'  ...  • 

and  their  joint  effect  by  the  product 

But  when  the  elements  of  all  the  given  kind^  are  finite  iii  number, 
daas  them  kinds,  so  that  each  kind  In  dhua  1  conbdns  not  finicr 
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than  V  elements ;  each  kmd  in  class  3  oontaaie  fcuwf  tium  o»  but  aot 
fewer  tbaa  elements ;  eaeli  kind  in  class  3  contains  fSewer  than  t^, 
hwt  not  fewer  than  0*  elements :  and  so  on ;  and  so  that  the  gi^en 

kinds  may  in  this  way  he  reduced,  say,  to  t  kinds  containinsj  v  ele- 
ments each -f  T'  kinds  containing  v'  elcrnt  nf'^  each  +  T''  kinds  con- 
taining elements  eacli,<.^c.  Then  let  t  —  m-j-'L  '  =-t';  w'-f  T"=/''; 
and  &o  on.  The  given  kinds  being  thub  ordered,  since  we  are  required 
to  select,  Ist,  m  ont  of  t  kinds ;  then.  3nd.  m*  out  of  1*  kinds ;  then, 
drd,  m*  ont  of  t"  kinds ;  and  SO  OH;  the  number  of  the  dlfiferent 
(K)mbinat!on8  which  can  be  oonstnuted  iiom  those  kinds  in  oonfor* 
mity  with  the  type,  will  be 

If  lir4-TV4-T'e^.  &c  is  rednced  to  a  single  tern,  that 
fcirarala  (XIV.)  heoomea 

Example  of  (XTV.).  OiTen  eight  elements  of  1  kind,  seren  of  a 
2nd  kind,  six  of  a  drd,  ftve  of  a  4th,  four  of  a  5th,  three  of  a  6th, 
two  ef  a  7th,  and  one  element  of  an  8th  kind,  ont  of  whidi  it  is  re- 

qnired  to  construct  combinations,  each  consisting  of  three  kinds  with 
five  elements  each  4-  two  kinds  with  three  elements  each  -f-  one 
kind  with  two  elements.   Of  such  combiaationa  there  can  be  formed 

481-1  33!-i   2»i-i  _ 

Tir'"WlTi> — 

9«  it  be  paqniied  to  dstarauiie  how  many  dilforatttoombinatfami 
can  he  eonstraeted,  rach  oontalning  u  elements  of  s  lands,  and  thm 
given  elements  are  all  finite  in  number  i  we  roust  form  all  the  differ* 

ent  r-partitions  of  if ;  and  each  of  these  partitions  being  regarded  as 
a  type,  \vc  must  determine,  by  formula  (XIV.)  or  (XV.),  how  many 
combiiiatioa&  correfepoud  to  cuch  of  the^c  types;  and  the  total  num- 
ber required  wiU  be  the  sum  of  all  the&e  particular  determimitionB. 
B«t  if  the  giTW  elements  may  all  be  ftpeaind  without  limit,  it 
follow  s  from  fennnla  (XUL),  that  tiie  snm  of  all  the  partiealar  4e* 
tenninations  maj  be  represmited  by 


Now 


'(l»>».  ) 


denotes  how  many  different  permutations  can  be  formed,  when,  in 
each  different  c-purtition  o(  u.  the  parts  arc  permuted  g  together  at 
a  time ;  and  the  number  of  such  permutations  is 
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CoDMBqiicn]^  the  iwpured  emu  te 

If  in  (XVL)  z  variei  from  0  to  «— 1,  ' 

tiiia  tummatioQ  being  a  particular  (mse  of  fornrala  neolt 
agrees  with  I>[13  formula  (IX.),  art.  8. 

If).  When  the  given  elomc  nts  are  all  finite  in  number,  w<?  mnv 
determine  |m,  (t]  ,  by  takin-  tlie  sum  of  all  the  particular  deteriuuia- 

tions  that  may  be  obUiinecl  pursuant  to  art.  9,  by  giving  to  -  tbe 
successive  values  0,  i,2, 3,  &c  If  m  <: the  upper  limit  ot  z  is  u, 
and  tbe  onmber  of  ^jrpee  to  be  formed  is  [da,  vj:  which  beoomee 
[Sf»«i],  if  If  tf  >-  9,  the  upper  limttof  jr  is     and  the  number 

of  types  to  be  formed  is  [K+t,#i]«  (See  articles  4  and  5»  Section  I  ) 
But,  if  the  re]>etition  is  finite,  some  of  these  partitiaiii  niay  £sil  to 
yield  combinations. 

11.  if  the  elements  A,  B,  C,  6cc.  represent  different  prime  uuui- 
hers,  all  the  meAodi  and  theorems  contained  in  tilts  section  will 
apply*  antfo^ts  muiaiulii,  to  the  composite  ntimben  of  whldi  thoM 
pnmes^  or  the  powers  of  those  primes*  are  divisors* 

III.  On  Femutatioiu, 

1 .  Let  the  given  elements  be  of  #  different  kinds.  We  can  de- 
termine in  two  known  cages,  by  an  explicit  function  of  u,  when  the 
element?  are  taken  u  at  a  time,  in  how  ninnv  dift'erent  ways  they  can 
be  permuted.  The  number  of  the  permutations  is  denoted*  when 
there  is  but  one  element  of  a  kind,  by  and  wb^  in  nil  the 
lands  the  dements  are  plnrsl  without  limit*  by  if*.  When  the  pin- 
rality  is  finite,  it  is  only  in  the  particular  case  of  all  the  demcots 
being'  permuted  at  a  time,  tliat  there  is  R  known  foromla  to  esKpfta 
the  number  of  their  permutations. 

2.  Every  combination  constructed  on  a  given  type,  u^^mv+m'v^ 
+}7rt;''+  Slc,  will  generate  the  same  number  of  permutetions, 

 _p 

[  1 '•:■]'«[  J  «^i»]r«'[piT]^Sr&cr 

TTiercfore,  if  the  number  of  the  different  combinations  which  can  be 
constructed  out  of  the  given  elements  in  conionnity  with  that  typ€. 
is  represented  liy  Q,  Qx  P  will  be  the  number  of  the  permutations 
corresponding  to  the  type  and  to  those  elements.  If  the  plurality 
be  without  limit* 

will  be  tlie  number  oi  tiic  permutations.  If  the  given  elements  be 
finite  in  nnmber,  as  in  finrnnlas  (XIV.)  and  (Xy.)»  the  nnmbcr  of 
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Bwry  dtffSmit  partition  of  u  that  may  be  formed  within  the  limits 

pointed  out  in  nrt  10,  Section  11..  will  give  rl.^e  to  a  similar  product, 
Qx  P  ;  and  tin  mi  in  of  all  these  i)articuiar  product^,  S[Q  x  P],  will 
show  liuw  mauy  dilVi  rt  nt  prrmtTtatinns  can  be  formed  from  the  given 
elements,  taken  u  at  a  time.  1  kc  auLiioi-  illustrates  this  method  of 
computing  the  number  oi  pennntatioiit.  by  examples. 

3.  Let  P  denote  how  many  different  permutations  can  be 

formed  w^hen  u  elements  are  takm  nt  a  time  out  of  klnd^'  ;  niid  P 
[m,  crl  denote  how  many  differciU  prnnutfititnis  cnn  bo  formed  wlu-u 
M  elements  are  taken  at  a  time  out  of  c,  ;i  tmitr  number  ol  elements. 
If  all  the  elements  may  be  repeated  without  limit. 

Hence  the  author  infers  that,  if  the  ele mentis  A  arc  limited  in  num- 
ber to  a,  while  those  of  the  other  («— 1)  kinds  are  plural  without 

p  { : }  =D"  [  "-'^  [i +•+ o + •  • + i^]]  ^ 

that  if,  moreover,  the  elements  B  are  limited  in  number  to  /S,  while 
the  other  (9—2)  kinds  are  plural  without  limit, 

■ad  10  oo,  until  finallf  •  if  all  the  elements  are  finite  in  number,  and 
the  elements  A,  B,  C,  &c.  ere  jeepertivdy  ]imited«  in  point  of  num- 
ber, to  y, 


.  (XVII.) 


4.  Henoe,  if  in  all  the  «  kinds  the  elements  are  dual,  (XVII.) 
*  beoonea 
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'Xlus  is  the  only  addition  ^vhich  the  author  ha*  been  able  to  make 

to  the  eases  wherein       J  >  ^  ^{*» expressed  }gf  an  e^tidl 

function  of  u,  symmetrical  in  £onn. 

Biwinle,  Let  tbssa  be  fire  Idnds^of  ekmsptii  aad  two  of  sacib 
Idnd.^  LetassS. 

o.  The  author  give«  the  following  theorem,  which  is  precisely 
aaalogDw  to  that  of  art.  6*  Sect  IL«  ftrnuilii  (SI.),  in  Coinbiii»> 
tions;  yiz. 

V{u,  «r}=S  ;[^^  P{t;,r}.  P^u-u.  «r-r}  J,  (XIX.) 

6.  By  a  mode  of  proof  precisely  analogous  to  that  employed  in 
art.  7,  Sect.  IL,  ha  shows  that  P{e'-l.^}:eP{r»r} ;  that  Is  to 
say,  that 

H».  1^*.  Vf\K  te. 

denotes  tiie  number  of  permutations  that  can  be  fonned  with  a  de- 
ments A,  daments  B,  &c.  (where  [a+/3+7<4-  lu^^Js^),  as  wdl 
when  r— I  elaments,  as  when  r  eEetnents^  are  tsken  at  ft  time. 


Since  correcting  his  paper  for  publication,  the  author  has  had  his 
attention  called  to  the  work  of  B^zout  on  Elimination  (4to.  Pari5. 
]77f).  p.  469)»  as  containing  a  formula  similar  in  structure  to  that 
numbered  VIII*.  in  the  present  abstract. 

B6zout  investigates  the  composition  of  a  polynome  function  of  s 
quantities*  A.  B,    &e.,  coniisting  of  terms  whkh  are  of  the  form 
A''  Bf  O*,  and  of  every  dimension  from  0  to  a  inclusive.  Let 
denote  such  a  polynome.  complete  In  sU  Its  termSt  and  N[f3*  iim 
nmnbcr  ol  its  terms.  Then*  1  st, 

and  2nd,  thi  number  of  tiie  ttrma  in  [0*  whieh  aitnotdmsibleby 
aither  A*,  or  B^,  or  C^,  &c.,  he  expresses  by 

N[;«j»-NW«-»  +NCf]*'-»-^-  &c. 

-NW«-^-|-  &c. 
—  &c. 


I 

•i 
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He  also  ob?crve?«  (p.  39) that  whoii  A",  B^,  C>,  t\c.  arc  the  high- 
est j)o\vers  of  A,  B,  C,  &c.  wluch  :i  polynoino,  ugrmng  in  other 
respects  with  [^J",  contains,  the  terms  of  such  incomplete  poly nome 
will  agree  in  point  of  Dumber  witk  thota  temt  in  whidi  wn 
not  divla!liie  by  either  A*+l,  or  BH-l,  or  CH-l.  he.  The  polyaomes 
from  which  Bteut  propoeet  to  eliminate  certain  temt,  oontain 
terms  of  all  fl'menplons  from  0  to  k  inclusive.  The  terms  which  atv 
to  remain  after  the  others'  luive  been  eliminated,  uiul  vhich  are  enu- 
merated by  means  of  the  coiKlition,  thnt  they  are  not  divisible  by 
certain  powers  of  A,  or  B,  or  G,  &c.,  may  be  of  all  dimensions  india- 
erimitttttely  from  0  to  «  inetwire.  Btent's  object  fe  exchuively 
Blimination«  end  he  makes  no  alluiion  to  any  other  eppUcatioik  of  itU 
fiimmleii* 

The  j^nlvnoTTies  considered  by  the  atithor,  tnken  in  their  entirety, 
agree  in  their  general  structure  with  those  eotisidercd  by  Bezout ; 
but  the  nature  of  the  author's  inquiries  led  him  to  confine  hii>  atten- 
tion to  Ili6  eompoaition  of  thoie  pertienler  terme  in  a  polyoome 
wiudi  Wire  of  the  mio  dimtnaion ;  and  to  Mek  to  eiyram  the 
number  of  the  termSi  not  of  all  dimaoaions  indiscriminately,  but  of 
each  particnh\r  dimension  separately.  'I'o  show  liow  It  has  hap- 
pened that  researches,  very  different  at  tlicir  point  of  departure, 
have,  VLsi  regards  one  point  of  investigation,  ended  in  nearly  similar 
formuUe,  &  anthor  proceeds  to  dedSice  his  formula  (VIII*.)  from 
the  investigationa'of  Btemt.  Bneb  a  deduction,  ho  oonoeiTes,  might 
foadiiy  have  been  made  by  any  one  to  whom  it  had  occurred  to  make 
it ;  and  the  application  of  such  a  deduction,  when  once  made,  to  pro- 
blems in  Cumbinations,  would  haye  been  nuich  too  obvious  to  have 
remained  long  unnoticed. 

Expressions  of  the  form  aboFC  considered  are  regarded  by  B4zout 
aa  of  liie  nature  of  Difforenceat  and  the  truth  of  this  view  the 
subject  may  ha  shown  in  the  following  brief  manner. 

If  ^s;)  generates  ^Kk^CI  — x«]f  (jr)wiUgeneratet//(i<)— «), 
which  ^ve  may  denote  by  Aa^K*)*   Coosaqueotly  C1--«^3C1— 
that  is  to  say» 

will  generate  ^v(w) and  ?o  on;  the  independent  variable,  u, 
undergoing*  not  uniform,  but  variable  decrements,  at/3»y»&c* 


L.  hUeiiigence  and  Miscellaneous  Articles, 

OH  TBS  ARTiyiCIAL  PRODUCTION  OF  MINERALS,  AND  S8PI- 

CIALLY  OP  PRECIOUS  8TONKS. 

MEBELMEN  states  that  the  6rst  residts  which  he  obtained 
•    related  to  minerals  of  the  fntnily  of  Spinrlle*;. 
The  method  ndopletl  by  tiic  author  to  cHlct  tiie  crystrdli/.ation  of 
these  compoundii,  is  based  on  the  property  which  boracie  acid  pos* 
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scsscs  of  dissolving  metallic  oxides  in  tlie  dry  way,  and  the  volati- 
lity of  this  acid  at  a  high  temperalurc.  It  occurred  to  h\m  that  by 
dissolving  alumina  and  magnesia,  mixed  in  the  propurtioiis  which 
constitute  spinclle,  in  fated  boracfc  acid,  and  expoting  tbe  mixture 
in  open  vewels  to  the  high  temperatare  of  a  poraelaia  furnaoe,  that 
the  affinity  of  the  alumina  for  the  magiiesia  might  cause  thesei  it  a- 
tion  of  a  crystallized  aluminate  and  the  expulsion  of  the  boracic  acid. 
The  proportions  employed  were  about  one  part  of  fused  boracic 
acid,  and  two  ])arts  of  a  mixture  of  alumina  aiui  mn'jnesia,  conipoii»ed 
so  as  to  constitute  the  compound  Al^O^MgO;  ami  iroui  to 
3^  of  bichromate  of  potash  «rere  added  to  it.  The  ingredients, 
weU-mizcd,  were  pbced  on  platioa  foil*  in  a  cup  of  porcelaliii  and 
ex  posted  to  the  highest  temperature  of  the  porcelam  furnace  of  S^t  ret. 
A  product  was  obtained  the  slurface  of  which  was  covered  with  cry- 
stalline facets,  and  the  interior  contained  cavities  sprinkled  with 
crystals,  the  form  of  which  was  readily  distinguishable  with  a  ^la.ss. 
I'hese  crystals  were  rose-red,  transparent,  scratched  quartz  readily, 
and  had  the  form  of  the  regular  octobedron  without  any  modifica- 
tion. They  were  completdy  hifuiible  by  the  blowpipe.  These 
characters,  combined  with  tlie  composition  of  the  crystab  as  deduced 
from  synthesis,  appear  to  M«  Ebeimen  sufflcientiy  conduatve  as  lo 

their  identity  ^vi^li  spinelle. 

By  substituting  ilie  equivalent  of  protoxide  of  manganese  for 
magnesia,  a  crystalline  product  was  obtained  iu  large  laminae,  ex- 
hibiting the  form  of  equilateral  triangles  or  regular  hexagons.  The 
author  considers  theae  as  constituting  the  tnan^MMfliin  spudle  AHO* 
MnO,  which  has  not  hitherto  been  met  widt  in  die  mineral  kingdom. 

Oxide  of  cobalt  substituted  for  magnesia*  equivalent  for  equiva- 
lent, yielded  crystal'^  of  a  hlrtrk-hliie  colnnr,  in  rc^lar  octohedrons. 
They  also  bcralchcd  quartz,  but  not  so  readily  as  the  two  preceding. 

In  employing  alumina  and  gluciua  in  the  proportions  wliich  con- 
stitute cymophane  Al"  GIO,  a  mass  covered  with  crystalline 
asperities  of  great  splendour  was  obtained.  This  product  scratched 
quarts  and  even  topas  distinctly ;  it  therefore  possessed  hardness 
comparable  to  that  of  natural  crystallized  cymophane. 

Certain  silicates,  which  are  infusible  by  the  heat  of  our  furnaces, 
aj)[)t  :ii  also  to  be  produced  by  t!;c  same  process.  Thus,  on  fusing 
the  t  It  iits  of  emerald  with  hail  iheir  weight  oi  boracic  acid  at  the 
same  temperature  as  in  the  preceding  experiments,  a  substance  is 
obtained  which  easily  scratches  quarts,  and  its  surfiuse  presents  a 
great  number  of  facets,  the  form  of  which  is  the  reguhr  hexagon. 

The  author  proposes  to  continue  these  experimentaa  but  at  pre- 
sent only  states  in  addition,  that  it  is  possible  to  produce  at  tempe- 
ratures lower  than  those  obtainable  in  our  furnaces,  diaphanous 
crystals,  the  hardness  and  exu  inal  characters  of  wliich  areanalc^ous 
to  those  of  precious  stones ;  and  he  also  concludes  tliat  many  mi- 
neral species  may  be  formed  at  a  lower  tamperatnie  than  that  re* 
quired  for  their  fuaion.— 'CbaifilM  tUndiu,  August  16|  1M7« 
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ANALYSIS  OV  THX  GHAT  COFPBE  FBOM  XOUIUIa  IN  ALGSBIA. 

M.  Ebelmcn  states  that  a  copper  mine,  apparently  of  great  im- 
portanoe^  has  been  Ibr  some  time  worked  at  the  foot  of  the  defile  of 
Mourala  in  Algeria*  The  Tfiiia  are  composed  prmdpaUy  of  car- 
bonate of  iron  and  t^ray  copper  ;  tJte  latter  sometimes  occurring  in 
compact  ma}>scs  and  sometimes  in  crystnN,  t!ic  prevailing  form  of 
which  appearb  to  be  a  rhorr.bic  dodecahedron,  but  with  numerous 
modifications  on  the  edges  and  at^es. 

The  specimena  received  by  M.  Ebelinen  for  analysis  coBtaioed 
A  great  number  of  very  hrHltaat  small  crystals  of  gray  copper,  on  m 
gangtie  coin{>o8ed  of  carbonate  of  inm  and  sulphate  of  barytes. 
These  s|)ccimen«;  were  digested  for  some  time  in  warm  dilute  hy- 
drochloric acid,  which  dissolved  tlie  carbonate  of  iron  without  alter- 
ing the  gray  copper,  the  cry^tai^i  ui  which  were  then  readily  de- 
tached. 

Qualitative  experiments,  conducted  in  the  usual  manner^  showed 
tiiat  the  ore  contained  sulphur,  arsenic,  antimony,  coppeTi  iron  and 

zinc  :  lead,  bismuth,  and  mercury  were  tried  for,  but  not  the  smallest 
quantity  was  found.  No  notable  riuatuity  of  silver  could  be  de- 
tected ;  and  the  fact  that  M.  Berthier  found  O'OOOS  in  I  part  of  the 
ore,  »howb  that  the  silver  is  very  irregularly  interspersed  ihtuugh 
the  veins. 

For  the  quantitative  analysis  of  this  ore,  M.  Ebelmen  employed* 
with  a  slight  modification,  the  method  proposed  by  M.  H.  Rose ; 
and  takini^  the  mean  of  several  experiments,  he  obtained  the  fol- 
lowing as  the  composition  of  this  ore : — 

Sulphur   27-2.5 

Antimony   14*77 

Arsenic   9*12 

Copper    4 To 7 

Iron    4*S6 

Zinc    _S*24 

99-61 

If  the  nnrilvsis  of  fhis  ore  be  conijiarcd  \\n\\  that  ot'  gray  copper 
from  various  localities,  the  greatest  sinuianty  wiil  bei'ound  between 
it  and  that  from  Sainte-Mam-anx  Mines,  which  gave  M.  H.  Rose--* 


Sulphur   ?6'S^ 

Antimony    lf*46 

Arsede  •   10*19 

Copper    40 'GO 

Iron    4-66 

Zinc   3*69 

Silver   0*60 


99*03 

Amiaigt  d§s  Mmu^  tooM  xi.,  p*  47* 


Digitized  by  Go  -^v^i'- 


Sii  JsUelltgaice  and  Miscellaneous  Articles, 

AVALTtn  OV  XUPmEyCCKEL* 

M.  Ebelmen  •tates  that  this  mineral  eomes  from  Ayer,  in  iIm  val' 
lay  of  Anntmr  (H*  Valais).  It  poaieates  the  usual  chai  actera  of 
Kupfernickel.   It  forms  compact  masses  whkb  are  perfectly  homo* 

prncons,  but  exhibit  no  trncrs  of  cry^tnh  ;  the  ore  is  rntxct!  with 
bimtnrjr  carbonate  ol  lime,  which  is  easily  separated  by  dilute  by- 
lirociiioric  acid.    Its  density  is 

The  analysis  was  effected  by  treating  the  purified  mineral  with 
a(|ua  regia.  The  salpburic  aeid  was  precipitated  by  chloride  of  ba- 
rium and  the  excess  of  barium  by  sulphuric  acid.  Tiio  arsenic  acid 
was  converted  into  arsenious  acid  by  means  of  ebullition  with  5u1- 
phurous  aciil,  and  the  nrscnious  at  id  was  precipitated  by  snipbtiretted 
hydrogen.  The  siilphiuel  of"  arsenic  obtained  wns,  after  drying  and 
weighing,  anal)' sed  by  aqua  regia  to  obtain  the  i^uiphur  ;  by  li^ating 
another  portbn  io  a  current  of  hydrogen,  a  minute  residue  of  antn 
monj  was  obtained.  The  liquor  freed  fVom  sulphuri:  t  of  araonie  was 
eoncoMrated  along  with  nitrio  acid,  and  precipitated  by  exoeM  of 
amrr.onin  ;  an  nbnndnnt  precipitate  of  peroxide  of  iron  was  fbrmedf 
which  rctaine*!  n  littlo  nickel,  as  appeared  from  its  colonr. 

It  was  rt'di^solvcd  on  the  filter  by  hydrochlorio  acid,  and  the 
liquor  was  then  treated  cold  with  carbonate  of  bary  tea.  The  peroxide 
of  iron  only  was  pre  cipitated ;  tlie  carbonate  of  barytes,  with  which 
it  was  mixedi  was  readily  separated.  7*he  liquor  containing  the 
nickel  was  treated  with  sulphuric  acid,  and  alter  Oitration  it  waa 
added  to  the  ammoniacal  solution  of  the  rest  of  the  nickel ;  this  \rm 
precipitated  by  exct  ss  of  potanh,  and  after  drying  and  calcining,  it 
was  weighed,  and  its  quuiitiiv  indicated  that  ot  the  metallic  nickel. 

The  ammoniacal  liquor»  afterwards  treated  with  hydrosulphate  of 
ammonia,  yielded  a  slight  black  precipitate,  whioh»  collected,  calcined 
and  weighed,  gave  with  ))orax  the  reaction  of  cobalt. 

The  results  of  tlie  various  experiments  showed  that  the  ore  con* 


sisted  of-~ 

Arsenic    54*05 

Antimony    0'05 

Nidml   4$-<0 

Cobalt   0*38 

Iron...   015 

Sulphur  »,   g-18 

Gangue    0*20 


10076 

Ammkt  d$§  Minet,  tome  xi.  p.  56. 


OH  THE  OSKTDBATIOM  Of  MONOHYDRATSO  fOLPHUUC  ACID. 

M.  Barreswil  observes  that  anhydrous  sulphuric  acid  has  been 
hitherto  prepared  by  distilling  protosulphate  of  iron  or  dry  bisul- 

phatc  of  soda.  Tb<'?e  t^vo  prncc^iscs  produce  an  an!iydrous  salt 
and  sulphuric  acid,   The  auUior  sutes  that  he  is  not  aware  that  an 
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•lltinpi  bM  ev«r  Imcd  niadt  to  defsiwe  oimoeotr«t«d  tntylnirie  acid 
Pf9f9c.  grav.  1*848  of  itt  wsler,  without  pmiimily  CMiiing  it  lo 
enter  into  combination  mul  form  a  mU.  The  tamt  mey  alio  happen 

when  monoh)  lira  ted  sulphurio  acid  is  employed  in  the  preparation 
of  f]uol)oric  ai)d  fiuosilicic  acids,  which  are  considered  at  aubataacea 
having  great  ailinity  for  water. 

The  reaction  whicii  M.  litirre&wil  employ i»  be  considerti  as  ex- 
tremely aimple*  He  mista  anhydroua  pliotphorte  acid  with  the 
aulphurie  acid  of  oommerce>  and  leoTee  them  tn  eontaet*  and  the 
mixture  ia  afterwards  heated :  the  combination  of  the  two  aeida  pro* 
duces  an  increase  of  temperature,  and  some  acid  vapours  soon  ap- 
pear ;  l>Mt  fliis  is  prevented  by  proceeding  cautiously,  nnd  keeping 
the  aciils  lu  a  trrcxiivj;  mixture:  by  distillation  anhytlioiijs  .sulphuric 
acid  ill  di:iengag(;ii,  and  vitreoui  bydrated  pliosphoric  acid  temaias ; 

the  distlllatbn  la  effected  in  the  same  way  as  the  Sajion  aeidt 

A  circomstance  which  struck  the  author  in  thie  operation,  is  the 
fact  of  the  innocoousnesB  of  the  mixture  of  monobydrated  sulphurio 

acid  and  anhydrous  phosphoric  acid,  with  respect  to  organic  matters, 
such  as  i)aper  and  cotton,  which  are  itistantaneou«5ly  destroyed  by 
the  Saxon  acid.  Tin-  author  considers  i\m  circumstance  as  a  proof 
that  the  sulphuric  auiu  in  the  mixture  is  not  anhydrous,  but  becomes 
ao  when  heat  ia  applied. 

Eren  if  die  leaetion  above  deaeribed  posseasea  iniereat  in  a  theo- 
retical point  of  riew^  M*  Barreswil  admits  that  as  a  manuliMinring 
process  it  is  unimportant,  and  will  hardly  be  rcgnnled  as  a  ready 
method  of  obtaining  anhydrous  sulphuric  acid.  The  high  price  of 
phot'phorus,  and  tlu"  dilHculty  of  preparing  anhydrous  phosphoric 
acid,  are  obstacles  to  the  euiployment  ol  the  proccs::>. —  CumpUs 

Rmdut,  JuUlet  5,  1847. 


OBSSEVATIOirS  ON  SILICA.    BY  II.  OOTSRI* 

It  results  from  the  eKperlnnnta  detailed  by  the  author— 

1.  That  the  alkaline  silicates,  when  decomposed  by  acids,  and 

particularly  hydrochloric  acid,  deposit  the  greater  part  of  the  silica 
which  they  contain  if  the  acid  in  evrp<?s  be  added  drop  by  drop; 
whereas  the  same  quantity  of  acid  added  at  once  does  not  occasion 
the  precipitation  of  the  emalleat  portion  of  silica. 

f .  That  silica,  once  precipitated,  doea  not  rediseohro  in  ncida» 
whatever  may  have  been  its  origin,  whether  precipitated  flrom  an 
alkaliiir  siiicate  by  an  acid,  or  from  fluoride  of  silicium  by  water. 

3.  Tiiat  weak  acid?,  a<?  the  carbonTC,  sidphurous,  horacic  and  the 
vegetable  acids,  dct  ompose  the  alkaline  silicates  at  common  tetnpe- 
raturesi  and  precipitate  the  silica  either  as  a  jelly  or  in  gelatinous 
floeeuli. 

4.  That  very  llaelydi vided  tiliea,  whether  anhydrous  or  hydrated« 
ie  capable  of  decomposing  the  aqueous  aolotions  of  the  alkaune  car» 
bonates,  and  dissolring  in  the  aolutiim  at  a  boiling  heat. 

4.  That  ailiea  pfecipfaited  at  commen  tenpeintorea  from  n  lokk 


Digitized  by  Google 


316         InUUtgience  and  MitrHlanrofix  ArUdes* 


I 


lion  of  Ml  alkaline  ailieate  or  ftom  fluoride  of  MlieiDiii,  ie  a  hydrate 

of  definite  proportions,  the  composition  of  which  may  be  represented 
by  the  formula  HO,  Si  O'.  This  hydrate,  when  heated  to  212 '  F., 
loses  one  equivalent  of  water,  and  ifl  converted  into  another  com- 
pound, HO,  2Si  0\ 

6.  That  when  a  sulutiun  ui  an  aikaiuic  sihcate  is  ueated  with  a 
metalHe  toIutioD,  a  precipitate  is  formed*  which  ie  a  mixlim  of  hy- 
drate of  ailica  and  a  metallic  eilicate ;  the  metallic  aiUcaCe  beiag 
entirely  dissolved  by  the  mineral  actde,  while  the  free  ailica  re- 
mains undissolved. 

7.  TJint  a  limpid  and  very  strong  solution  of  silica  in  hydrorhl  i>ric 
acid  may  be  obtained  by  dissolving  in  tliis  acid  silicate  ot"  cupper, 
aud  precipitating  the  copper  by  sulphuretted  h^dr(^eD. 

8.  That  a  aolution  of  tuica  in  hydrochloric  aad,  elowly  eVaporated 
under  the  receiver  of  the  air-pump,  gives  hydrate  of  siltca(HO,  SiO*) 
perfectly  crystalliaed  in  very  small  transparent  needles,  grouped 
either  in  stars  or  tufka.^CoRafile«  Rendutt  JuiUet  19, 1847* 


OK  MITRIC  MANNIT£.    BY  if.  SOBBBBa 

Since  the  action  of  nitric  add  on  organic  bodies  has  been 

studied,  a  number  of  substances  of  great  mterest  to  scietice  have 
been  discovered  ;  but  the  arts  have  hitherto  acquired  only  fulminn- 

ting-cotton,  the  fate  of  which  is  as  yet  uncertain.  NVhilst  the  ques- 
tion as  to  cotton  is  under  consideration,  M.  Sobrero  announces  to 
the  Academy  another  body  which  is  Itiliiuunting  in  the  highest  de- 
gree, resulting  from  the  action  of  nunc  acid  upon  mannite — the 
nitric  mannite,  the  ooropoaition  of  which  has  been  alreiKiy  given  by 
MM.  Flores  Domonte  and  Menard. 

Fulminating  mannite  possesses  the  property  of  detonating  by  the 
stroke  of  a  hammer  with  as  much  violence  as  fulminate  of  mer- 
cury, nnd  produces,  during  its  decomposition,  sufficient  heat  to  in- 
Hamc  gunpowder.  As  soon  as  the  author  was  acquainted  with  this 
property,  he  set  about  lu  apply  it,  and  prepared  capsules  with  it 
lostesd  <^  detonating  mercury  for  the  discharge  of  fire-armsi  and  a 
fowling-|iieoe  was  dueharged  by  it. 

With  reepeet  to  its  ttsot  the  author  has  arrived  al  the  feUoariog 
conclusions : — 

1 .  Fulminating  mannite  most  always  be  cheaper  than  fulminating 

mercury. 

2.  It  is  more  conveniently  prepared,  and  doe^i  not  expose  the 
workmen  to  the  great  danger  which  attends  the  manufacture  of 
fulminating  mercury* 

It  must  oe  cbeiqper  than  fulminating  mercuryt  because  the  price 
of  manna  ia  not  very  high ;  becai^e  in  the  preparation  of  mannite 
an  uncrystallizable  residi?*'  is  oht;dned,  mixed  with  a  little  mannite, 
which  may  be  employed  in  medicine  and  the  veterinary  art  as  a 
purgative ;  and  because,  according  to  the  analyses  of  MM.  Flores 
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Domonte  and  Mintrd,  the  mannite,  in  beeoming  nitric  roaonite, 
inntl  inereaM  considerably  in  weight  (from  100  to  ftMSy, 

It  ia  less  dangeroaa  ia  preparation  and  manipulation:  in  fact  tlie 
preparaiioii  ia  merely  accompanied  with  the  diaengagement  of  aoma 

Tapotir  of  nitric  acitl. 

Fulminating  manmte  requires  for  detonation  a  violent  blow  be- 
tween two  hard  bodies  ;  heat  {rradually  applied  lo  it  fn-^esand  after- 
wards decomposes  it,  but  witliuut  dctuimtu>n.    lu  tact  it  may  be 

S laced  on  paper  and  touched  with  a  red-hot  coal,  and  fused  without 
etonation;  the  paper  on  which  it  is  put  may  he  burnt,  and  it  is 
decomposed  without  detonation. 

Lastly,  fulminating  mannite  is  deeompoised  by  the  blow  of  a  ham* 
mcr,  without,  ns  far  f?s  appears,  producinrr  nitrous  vapour*;,  ft 
seems  to  be  entire!','  ticroni]t  i^ed  i»v.o  {Ttrhonic  acid,  water  and  a/ote  ; 
besides  wliich  it  ketps  iiuiciiuiitiy  witiiout  undergoing  decomposi- 
tion,— CWi/i/e*  itfiiJiiA,  Juillct  ly,  1847. 


ON  THE  EXTllAC  TION  OF  SILVER. 
BY  MM.  MALAGUTI  AND  DUROCHEIl. 

From  the  numerous  researches  \vhich  the  authors  'lavc  made  on 
a  large  series  of  specimens  from  different  parts  of  Europe,  they  liave 
inferred  the  general  fact,  iliat  all  luctallir  compfjunds  wliich  accom- 
pany or  are  found  near  argentil'erous  mtnerai:>  cuutaia  more  or  less 
silver;  so  that  they  deem  it  an  established  fact»  that  silver  is  pro- 
hahhr  one  of  the  most  widely-diffused  metals  in  nature, 

The  researches  of  the  authors  have  been  made  on  sulphureta, 
arseniurets,  arsenio-sulphurcts,  some  metallic  oxidesi  and  even  native 
metals.  This  fact  being  established,  the  mode  in  wbicli  the  silver 
exists  occupied  their  attention.  As  the  subject  appeared  a  dillicult 
one,  it  was  simplified  by  inquiriiii;  in  what  stafe  the  silver  existed 
in  gaieua,  blende  and  pyrites,  and  they  supposed  it  could  exist  only 
in  mt  native  state*  as  chloride  or  sulphuret.  Experimenu  appeared 
to  show  that  in  these  sulphnrets  the  silver  is  not  in  the  metallic 
state ;  and  experiments  still  more  numerous  and  decisive  seemed 
also  to  prove  that  the  silver  could  not  he  in  the  state  of  chloride  ; 
and  on  this  occasion  they  remarked  a  circumstance  which  Ikis  hitherto 
escaped  the  observation  of  chemists: — They  Ibund  that  all  metallic 
sulphurets,  properly  so  ealled,  and  even  some  arseniureis,  possess 
the  property  of  decomposing  a  certain  quantity  of  chloride  or  bro- 
mide or  stiver.  This  decomposition  is  effected  more  or  less  slowly 
when  contact  is  effected  merely  by  water ;  but  it  is  produced  much 
more  rapidly,  and  in  some  cases  even  instantaneously,  when  the 
chloride  or  bromide  of  silver  is  in  solution. 

By  comparative  trials  the  authors  sucecedod  ifi  deterjnininjy  the 
decomposinfr  power  of  a  great  number  of  sulpiiurets  and  several 
arseumrels.  Thus— 
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100  of  sulphurel  of  zinc  decompose  3  of  chloride  of  silver 

100        ....      cadtmitim  •  •  14  •  • .  • 

100        •  •  •  •       bismuth  • «    i  •  •  •  • 

100         ....       lead  •  •    5  •  •  • , 

1 00  protohulj)]uiret  of  tin  ^  •••• 

loo  of  bi.sulphiuet  ol' tin  ..  SO 

100  pi  otosuiphuret  of  copper  ii60  , . , , 

100  arieniurfit  of  amimoDy  IfO  .... 

100        ••••      cobalt  160 

In  operating  with  natural  sulphurets,  the  authors  remarked  very 
coaaidcmble  difiiireiioea  in  chair  decomposting  power*  They  attri- 
bute  thaia  diSinreneea  to  lha  presence  of  small  qnantitiea  of  aulphu^ 

rets  or  arseniurets  of  very  htgli  deconipo^ing  power ;  and  tbey  8up> 
pose  they  may  sometimes  ntl.idi  to  the  molecular  condition  of  the 
bodies.  Tlicy  found,  lor  cxamj)Ie,  t)iat  a  very  pure  und  weli-cry* 
stallized  blende  from  Kiini^sberg  possessed  decomposing  power 
equal  to  that  of  artificial  sul^uret  of  ainc ;  while  a  blende  equally 
pure  and  as  weli  crystallised,  but  coming  from  Radna,  bad  adeeom- 
posing  power  which  was  twice  aa  weak,  and  yet  theae  two  blendes 

were  of  cqiTfd  density. 

The  autiuirs  draw  the  foliowing  coaclustODS  from  the  reaulta  of 
liitir  experiments : — 

AH  pure  metallic  sulpburets  possess  the  power  of  decoamosiogi 
under  certain  circumstances,  a  given  quantity  of  chloride  of  ail?er, 
and  even  of  other  insoluble  chlorides.  I'his  power  appears  to  be 
modified  in  some  cases  by  the  molecular  condition. 

The  decomposition  of  chloride  of  silver  by  sidphurets  may  be 
effected, —  1st,  by  doubiL  tlccomposition  ;  ;2ud,  by  reductioni  Srd| 
by  simultaneous  reduction  und  double  decomposition. 

Natural  sulpburets  sometimes  exhibit  very  higli  absorbent  powers, 
on  account  of  the  presence  of  minute  quantities  of  foreign  sulpburets 
or  arscniurats,  acting  by  the  reduction  of  tlie  diloride  of  silver. 

The  decomposing  action  of  sulpburets  is  exerted  proportionally  on 
the  bromide  of  silver,  and  it  is  but  slightly  appreciable  on  the  iodide. 

In  these  phnenomena  the  solvent  exerts  no  ififlucnce  ;  for  the 
same  results  are  obtained,  except  an  to  time,  by  simple  coulact  aided 
by  water* 

The  general  fact  of  the  decomposition  of  insoluble  chlorides  by 
sulpburets  appears  then  to  render  it  probable  that,  in  natural  sul- 

phurtts,  the  silver  is  in  the  state  n  ithcr  of  chloride  nor  bromide. 

Having  tiien  shown  the  improbability  of  the  presence  of  mctallrr 
silver  or  chloride  in  the  natural  argentiferous  sulpburets,  the  authors 
are  of  opinion  that  it  must  exist  in  the  state  of  sulphuret ;  but  if 
this  conclusion  were  correcti  how  does  it  happen  that  blende,  pyritM 
and  galena,  do  not  yield  silver  to  mercury  r  Is  not  the  sniphuret 
nf  ilv(  r  almost  as  readily  acted  upon  by  mercury  as  metallic  silver 
itself?  The  autliors  propose  shortly  to  communicate  the  second  part 
of  this  inquiry  to  the  Academy.—- CoMpkf  RenduSfJ\xilWlZ6,  liiT^ 
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VANAUIAIE  OF  LEAD  AND  COPPEB. 

M.  Dufrenoy  jirfiseiitcd  to  the  Academy,  in  the  name  of  M,  Do- 
meyko,  Profefcjsor  of  Ghetuistrv  and  Miueralogy  in  the  college  of  Saa 
Yago,  Chili,  an  MOoont  df      new  iniiwnL  wludi  ii  compoMdof-* 


Oxide  of  k«l    fi4*9 

Oxide  of  copper. ,  •   14*6 

Vnuulic  acid   13*5 

Arsenic  lu-ld  , , , ,  4*G 

Phosj)horic  acid..*,.,,,,.,,,,  0*6 

Chloride  of  lead    O'S 

88*5 


Qomptei  HendMS,  Mai  5, 1847. 


METEOROLOGICAL  OBSERVATIONS  FOR  AUG.  1847. 
Ckmddt^kMgVLtl  Very  fine:  Bultry.  3.  Vtry  fine:  cltar.  4.  Very 
fne :  densely  overcast  5.  ILain.  6.  Overeasit.  7.  Very  tine.  8.  Very  fine  : 
cloudy.  9.  Cloudy:  ftbower :  cUar.  lOd  Rain:  ahowery.  II.  Very  laa. 
1^.  Light  clouds,  with  bright  sun  at  intervals:  clear  at  iitgnt.  13.  Overcast: 
vcr^  fine.  14.  Very  fine :  cloudy.  15.  Cloudy  ;  dear ;  lightning  at  night.  16. 
Rain.  17.  OvavnM.  18.  Heavy  nis.  19.  Overeat:  ligbtnil^  at Bt^t» 
20.  Unifonnly  overcast :  slight  fog.  *2\.  Slight  fog  :  fine.  22.  Overcast :  ratn  : 
cloudy.  2S,  Cloudy :  rain.  S4.  Cloudy :  clear  at  night.  S5.  Very  fioew  126. 
Overauti  voy  flat.  ST.  98.  Vcrr  ina.  S9i  Rrint  verj  laa.  90.  vary  flna  i 
elowly.  91.  Very  fine:  clear  at  ntght. 

Mean  tmaimmturt  of  tb«  arooih  ... 

Maao  tMnpmiura  flf  Aug.  l%4(6  64  *I6 

Mean  tenipcnuurc  of  Aug.  for  tlie  latt  tWMtf  ytall  62  -^2 

Avcrrtgc  amount  of  rain  in   Vuir,  ,   2'41  inches. 

Bmion* — Aug.  1.  Fine;  2  o  clock  r.M.  tiiGrjnometcr  83°.  S.  Fine:  rain  r.ii. 
3,4.  Fine.  5.  Cloudy  :  rain  p.m.  6.  Floa.  7.  Fine:  rain  p.m.  8.  Fine. 
9,10.  Cloudy.  11.  Cloud)  :  rain  early  A.M.  12.  Cloudy.  13,14.  Fine.  15. 
Cloudy.  16.  Cloudy  :  rain  A.M.aDd  p.m.  17.  Cloudy;  nun  p.m.  18, 19.  Cloudy. 
90"-fi9.  Villa.  §0.  Oaodjr.  t7.  Ffna.  9t.  Rata.  M.  Clondjri  nimmAfAjkt 
nbkf'U,  so,  31.  Cloudy. 

Sandmck  yf-'n*--.  Orknr;/. —  Auj;.  T,  2.  Brij^lit :  clear.  3.  Bright;  cloudy. 
4.  Cloudy  !  drops.  5.  Bright :  cloudy.  G.  Cloudy  :  fine.  7.  Ram  :  fine.  8. 
Cloudy:  rain.  9.  Cloudy:  fine.  10.  Cloudy:  min.  II.  Clear:  showers. 
12.  Cloudy.  13.  Clesr:  dourly.  14.  Cloudv :  fine.  15.  Bn^Iit  f^-c.  16, 
J  7.  Clt^ai*:  fine.  18.  Cloudy  >  tine.  19,  SO.  Cloudy.  SI.  SJiowtira;  rata.  SS. 
Cloudy :  showers.  tS.  Clear :  tbowns ;  cloudv.  f4.  Cloudy :  rain.  tf>  Gloa4j« 
S6.  €lnu(?y  rain.  '27.  Cloudy  :  clear.  90,  Bright t  Aewiiat  al«MW  t9^  8liaw«l, 
90.  Ham  :  ahuwerii.    .il.  Bright:  rain. 

Appfegarl/i  Manse t  Dum/ricS'SJiirc. —  Aug.  1.  Fair,  but  cloudy,  S.  Fair  and 
iae  ;  shower  early  A.M.  3.  One  slight  shower.  4.  1  lain  early  a.ll*  5.  Raia 
nenrh- nM  f?ny.  6.  Frequent  showers.  7.  Heavy  showers  and  sun.  8.  Rain. 
9.  Lioudy  :  cool :  diy.  10.  U^vy  rain,  II.  Fine  a.^^.  :  rain  p.m.  12.  Rain 
nearly  all  day,  13.  Flahr  aad  iaa.  14*  Vary  ine.  15, 16.  Very  fmc  :  lie.^vy  dew. 
17.  Fine,  though  cloudy.  IS.  Very  fine.  19.  Still  fine,  hut  dull.  20  Heavy 
showers.  21.  iiiight  showers.  22,23.  Fine:  dear.  24.  Kainr.u.  25,  26.  Fine, 
Utoofh cloudy.  97.  FIm  though  cloudy :  a^drofa,  98«  Flin^  dMMfjhcIaikly  t 
one  hiight  showir*  flft.  Alff  and flaa»  90.  Flaa :  eoi alig^likowtr.  SI.  Ffna 


lurre^t  day. 

Mean  temperature  of  the  month   57^15 

Mean  temperature  of  Aug.  1846  ,   C,\  -2 

Mean  temperature  of  Aug.  for  twenty-five  years   57  '14 

Average  rain  for  twenty  yean  ,«„..,   3*16  iachef, 
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NOVEMBER  1847. 


Li.  iUsearchcs  on  ihc  Voltaic  Arc,  and  on  the  injlacncc  •mhich 
Magtietism  exerts  both  on  this  .li  e  and  on  bodies  transmitting 
intermpted  Electric  Currents.  By  M.  Augusts  De  la  Rivb» 
Pr^euor  in  tke  Academy  of  Geruva^  Foreign  Member  of 
ike  Bojfal  Soeiefy^  Corresponding  Member  tf  the  Academjf 
if  Sciences  at  PariSf  4^,* 

ri  HiiK  luniinuus  voltaic  arc  occurring  between  two  conduct- 
•L  ing  bodies,  each  communicating  with  one  of  the  poles  of 
the  pQe,  is  not  merely  one  of  the  most  brUliant  pbaenomena  in 
physics,  but,  from  the  niimeroiis  aspects  under  which  it  may 
D6  regardedi  it  is  also  one  of  the  most  important. 

As  a  source  of  light*  this  phenomenon,  when  exhibited  in 
a  vacuum,  enables  us  to  examine  what  influence  this  particular 
ori^n  of  the  light  employed  may  have  in  various  optical  ex- 
penments.  Compared  with  the  solar  iigbt»  the  light  of  the 
voltaic  arc  presents  some  curious  differences  and  also  resem- 
blances. If,  on  the  one  linnd,  we  find  in  it  the  seven  coloured 
rays  of  tlie  spectrum,  on  the  ollr  r  the^  black  streaks  are  re- 
placed by  brilliant  ones,  and  these  are  differently  interspaced. 
In  this  field  of  inquiry,  muclif  or  rotlier  lUl,  yet  remains  to  be 
investigated. 

As  a  source  of  heat,  the  vohaic  arc  enables  us  to  sliid  v  lin. 
fusion  and  bohdiiicalioii  of  even  tiie  nw^t  reiractory  bodies  in 
vacuOf  and  consequently  mider  circumstances  exempting  them 
from  oxidinng  action  and  other  chemical  influences*  which 
Bsnalijr  raukfriMD  the  application  of  a  high  temperatnre  in 
atmospheric  atr«  It  likewise  allows  us  to  determine  the  eflects 
produced  npon  bodies  at  a  high  temperatorc^  by  various  gases 
or  Tapoiira,  distinct  from  those  which  enter  into  the  composi* 
tton  of  atmospheric  air,  and  at  diftrent  decrees  of  density. 

As  an  dectro-chemioal  power,  the  voltaic  arc  may  be  ap- 

•  From  the  Philoso|)hiciil  Transactions  for  1847t  part  i. ;  having  been 
received  by  the  Roynl  Society  Nov.  26,  I84fi,  am!  rcaii  Jan.  7,  IWj. 

Phil.  Mag,  S.  S.  Vol.  31 .  No.  209.  Nov.  1847.  Y 
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plied  so  as  to  submit  to  the  electrolizing  actioa  of  tbe  electric 
eurrent  gaseous  inedta»  wbich^  from  someezperiraenls  mlmdy 

made,  appear  capable  of  decomposStfon  by  this  prooesa. 

As  a  mechanical  power,  the  voltaic  arc^  by  bringing  bodies 
into  a  stale  of  minute  division,  and  impressing  upon  Uiem,  in 
tiTis  state,  a  tendency  to  motion,  places  tiiem  in  a  favourable  con- 
dition for  the  study  of  their  molecular  constitution,  and  of  tbe 
relations  which  connect  this  constitution  with  electricity  and 
iiian;netisni.  The  strngi^le  that  Inkes  place  between  cohesion 
and  the  expaii^jive  force  of  the  electric  current,  the  rcJuctic^n  of 
matter  to  the  niolecuiar  state,  and  the  form  and  nature  of  the 
deposits  resulliijg  ihei  efi  om,  are  so  many  phienoniena  cajjable 
of  throwing  light  on  the  obscure  subject  of  molecular  physics. 

The  few  preceding  remarks  suffice  to  give  sonic  itiea  of  the 
extent  of  an  investigation  embracing  tbe  whole  range  of 
experimental  research  on  the  voltaic  arc  under  its  various 
aspects,  which  I  am  far  from  pretending  to  have  attempted, 
I  shall  confine  myself  at  present  to  a  few  details,  and  especially 
to  such  as  exhibit  the  action  of  magnetism  on  the  voltaic  arc, 
and  on  tliose  bodies  whicb transmit  interrupted  enmnts.  I 
shall  begin  hy  describing  some  particular  pbsMMMMna  which 
I  observed  during  my  study  of  the  voltaic  arc  under  various 
circum  tnnces,  while  employing  difTerefit  substances  as  elec- 
trotle*^,  both  in  the  air  and  in  a  vacuum;  I  shall  then  proceed 
to  fxamine  the  .action  of  a  powerful  electro-magnet  on  this 
voltaic  arc,  and  I  shall  conclude  by  desorihifig  sonie  remark- 
able ex{>erin}euls  also  illustrating  ill"  inlliiLiice  of  magnetism 
on  conducting  bodies  of  whatever  nuiure,  Uavused  by  inter- 
rupted currents. 

$  1.  Some  Phenomena  concerning  the  Voltaic  Arc* 

Davy  was  the  first  who  produced  tbe  phanoraanoD  of  tbe 
voltaic  are  with  two  points  of  diarcoaL   Mora  menllff 

Messrs.  Grove*  and  Daniellf  employed  with  succaaa  the 
points  of  difTerent  metals,  and  arrived  at  intereacing  results: 
I  also  publ!>hed  some  experiments  I  made  on  the  voltaic  arc{ 
in  1841.  Subsequently,  MM.  Fizeau  and  Foucault  observed 
some  remarkable  ficts  of  the  same  kind  on  the  occnsion  of  an 
investigation  into  the  inten'^itv  of  the  light  emitted  by  < :li:ircnal 
in  tlie  experiment  (^f  Davy<^.  The  researcln  s  made  up  to  the 
present  lime,  have  already  led  to  many  rebults,  uf  which  1 
fehall  consider  only  the  most  im})ortant. 

1.  That  the  voltaic  arc  may  be  produetil,  a  pile  of  greater 
tension  is  required  than  thai  which  is  necessary  for  the  ordi- 

•  Um.  Unkf.  June  1 840,  i.  27^  387-  t  Arck  de^f  Elect,  torn.  i. p.  46^ 
I  ArdI,  df  PMeci*  torn.  i.  p.  ItW*        §  IMd.  too.  iv*  p.  811* 
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nary  calorific  and  eitcuo-chemical  phoeiiumena.  The  neces- 
sity of  this  condition  proves  the  great  resistance  pretented  to 
the  fNunuB  of  the  eieetrie  camot  bj  tbe  minutely  divided 
metier,  wEeiever  it  may  be,  vliieh  comiecte  tlie  tvo  poles. 

2.  The  laminous  arc  cttDm»t  exitti  imlem  contact  be  pre- 
viously made  between  the  electrodes^  and  milese  tlicse^  or  at 
lead  one  of  them»  be  terminated  at  the  point  of  contact  by 
points  line  enough  to  produce  in  them  an  increase  of  tempera- 
ture. When  this  increased  temperature  is  once  produced,  we 
may,  by  separating  the  electrodes  gradually  and  with  pre- 
caution from  each  other,  obtain  tlie  luminous  arc,  tfie  lengtii 
of  which  will  depend  on  tlic  intensity  of  the  pik.  Daniell 
di-scoverptl  the  important  lact,  whicii  was  conlirmed  by  M- 
Van  Breda  in  a  very  recent  investigation  inserted  in  the 
CompU's  Itcndus  de  i  Jhtidcmic^,  iliaL  without  contact  having 
taken  place,  the  laminouf  arc  may  be  prodnoed  between  two 
dectrodet  placed  very  near  togetner,  by  caosbg  thediscfaaroa 
of  a  Leydoi  jar  to  pass  between  them :  this  is  owing  to  the 
discbam  bang  alwavs  attended  by  the  transiereooe  of  highly 
diffiisadniattrr,  which  closes  the  circuit  daring  the  instant  oif 
time  neceseaiy  for  the  formation  of  the  aic 

8.  The  enormous  elevation  of  temperature  which  aceon* 
panics  the  production  of  the  luminous  arc,  is  also  manifested 
in  the  electrodes,  e5%pccia]|y  in  the  positive  ones,  which  become 
mucii  nmre  --troni^ly  heatetf  ih-m  the  negative. 

4.  Matter  is  thus  transported  from  the  positive  electrode  to 
the  negative,  a  fact  which  may  be  verified  with  electrodes  of 
all  kinds,  but  pai  iiculariy  with  those  of  chait  oal. 

5.  The  various  phajnoujeiia  presented  by  the  voltaic  arc, 
are  modified  to  a  eater  or  less  extent  by  the  nature  of  the 
electrodes  and  by  that  of  the  sorrounding  mediom.  Thus 
Mr,  Orofe  adduces  facts  from  which  it  appears  that  the  pro* 
senee  of  oxygen  is  necessary  in  most  cases  to  prodnoe  a  veij 
lamtnoiis  and  brilliant  arc  It  rcsolts  also  from  his  expert* 
nients,  as  well  as  those  of  other  philosopher-,  that  when  two 
diflinnsnt  substances  are  made  use  of  for  tbe  electrodes,  it  is 
not  a  matter  of  indiftraice  which  of  the  two  is  placed  at  the 
positive  pole. 

I  now  proceed  to  my  own  researches.    I  commenced  by 

studying  the  production  of  a  li^minousarc  between  a})lateand 
a  point  of"  the  sanu-  materia!  i;i  air,  and  in  vacuo.  \Sy  means 
of  a  mici  ometcj-  screw  I  was  able  to  make  ihc  point  recede 
from  the  piate  very  gradually,  and  judge  of  their  mutual  (h- 
i»tance  with  great  precision.  The  limit  of  tlistance  beyuiul 
which  the  lumii:ous  arc  ceases  to  appear,  is  constant  for  the 
bee  also  |»,  syi^  of  the  December  Number  of  thb  Juuroal  far  lb4(i.J 
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same  plate  and  the  same  point:  when,  however,  the  plate 
communicates  with  the  positive  pole^  it  is  in  general  double 
that  which  it  is  when  the  point  communicates  with  the  same 
pole.  But  in  proportioti  ns  the  strength  of  the  pile  is  greateTt 
the  difference  is  so  miicli  tlie  smaller. 

With  respect  to  the  absolute  ntnount  of  this  distance,  it  is 
ytty  variable,  deptiuiing  on  the  strength  of  the  pile,  on  the 
nature  and  niolecuhir  state  of  the  electunlcsj  jukI  on  the  time 
occupied  in  the  experiment.  Thus,  with  a  Grove  battery 
composed  of  fifty  pairs  of  plates  sixteen  square  inches  in  sur« 
&ce,  it  is  two  or  three  times  greater  than  with  a  pile  of  seventy 
elements  of  two  or  three  square  inches.  With  metals  easily 
fused  or  oxidized,  as  zinc  and  iron,  it  is  much  greater  than 
with  platinum  or  silver.  The  duration  of  the  phenomenon 
influences  the  result,  inasmuch  as  ilie  high  temperature  of  the 
electmdos  allows  them  to  he  drawn  asunder  to  a  greater  di- 
stance %\ith(>ut  breaking  the  inc.  The  same  eflf'cct  may  be 
produced  l)y  heating  them  artificially,  by  means  of  a  spirit- 
lamp.  It  is  evident  from  what  1  have  saiil  lliat  tiie  length  of 
the  luminous  arc  has  a  relation  to  the  greater  or  less  facility 
which  the  substances  composing  the  electrodes  possess  of  being 
segregated,  a  facility  which  may  depend  upon  their  tempera- 
ture diminishing  their  cohesion^  upon  their  tendency  to  oxi« 
dize  (which  produces  the  same  efiect)i  upon  their  molecular 
state^  and  lastly  upon  their  peculiar  nature.  Carbon  derives 
from  its  molecular  constitution,  which  renders  it  so  friable* 
the  property  of  being  one  of  the  substances  which  produces 
the  lonrre^-t  luminous  arc. 

The  deposits  of  the  transported  malU  i-,  torni  upon  tlie  plate, 
when  it  is  negative  and  the  point  positive,  a  sf>ecies  o(  very 
regular  ring,  the  centre  of  wliich  is  the  projection  of  the  point 
upon  the  plate.  This  takes  place  equally,  whether  the  plate  be 
vertical  or  horizontal,  plainly  indicating  a  determinate  direc* 
tion  in  the  transfer  of  the  substance  from  the  positive  to  the 
negative  electrode;  in  the  air  and  with  metallic  electrodes, 
the  deposits  always  consist  of  the  oxidized  dust  of  the  metal, 
of  which  the  positive  electrode  is  composed. 

I  shall  here  enter  into  some  details.  A  plate  and  a  point 
of  platinum  have  been  used  as  electrodes  in  a  vacuum,  in  air 
and  in  hydrogen.  In  a  vacuum  with  a  Grove  battery  of  lilty 
pairs  of  plates,  which  had  previously  been  used,  I  had  only  a 
very  feeble  effect,  and  particularly  when  the  plate  served  as 
the  positive  electrode.  The  point  was  hardly  reuioved  a  mil- 
limetre* from  the  plate  when  the  arc  broke ;  to  re-establish  it, 
it  became  necessary  to  renew  the  contact  between  the  point 
•  1  milUmetre  s  <M)3937  ■acb.^TVew. 

"V 
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and  the  plate,  by  touching  another  point  of  the  plate,  the  first 
point  which  was  touched  appearing  to  have  undergone  such 
a  modification  as  to  prevent  the  re^formation  of  the  arc.  The 
same  effisct  b  produced  when  the  experiments  are  made  in  the 
air,  but  it  ceases  when  the  power  of  the  baiter^  is  increased: 
this  is  probably  due  to  an  augmentation  of  cohesion  consequent 
on  the  increase  of  temperature  in  that  part  of  the  plate  wliich 
acts  as  the  positive  electrode.  Besides,  when  tlie  experiment 
is  made  in  air,  the  voltaic  arc  more  marked  :irHl  of  greater 
length  than  wheii  it  is  made  in  vacuo,  at  least  \i  llie  battery  be 
weak;  for  when  tlie  battery  is  powerful,  composed,  lor  ex- 
ample, of  fifty  pairs  of  plates  freshly  charged,  it  appeared  to  tue 
that  the  contrary  obtained.  I  did  not,  however,  perceive  any 
great  diflerenoe ;  but  the  vacuum  in  which  I  experimented  was 
far  from  being  |)erfect ;  it  was  that  of  a  pneumatic  pump,  en- 
closing therefore  highly  rarefied  air. 

In  the  latter  case,  that  is  to  say,  with  the  pile  composed  of 
fifty  pairs  strongly  charged,  and  in  highly  rarefied  air,  a  bluish 
spot,  jierfectly  circular  and  pro^ienting  tlie  appearance  of  a 
coloured  ring  ofNohili,  was  formed  on  the  plate  orjtlatinuni 
when  it  served  as  the  positive  electrode.  The  same  spot  ap- 
peared in  atmospheric  air,  but  its  diameter  was  one-half  less, 
and  its  colours  much  less  vivid.  In  hydrogen,  no  coloured 
spot  was  formed ;  its  formation  is  therefore  evidently  the  result 
or  the  oxidation  of  the  platinum  at  a  high  temperature  when 
acting  as  a  positive  electrode  in  the  ordinary  atmosphere,  and 
still  more  so^  perhaps,  in  rarefied  air*.  When  the  same  plate 
of  platinum  was  made  use  of  as  a  negative  electrode,  the  point 
being  positive,  it  became  covered  with  a  white  circular  spot, 
formed  of  a  vast  number  of  minute  grains  of  platinum,  which, 
having  been  raised  to  a  hi^^h  temperature,  remained  adhering 
to  the  surface.  The  white  spot,  like  the  blue  one,  was  muefi 
larijer  in  rarefied  air  than  in  a  vacuum.  If  the  experiment  be 
pioionired  for  a  iiiuujte  or  two  when  liie  plate  is  negative,  the 
rod  of  platinum  terminating  in  a  point,]which  is  positive,  soon 
becomes  highly  incandescent;  its  end  Is  fused  and  falls  on  the 
plate  in  the  form  of  a  perfectly  spherical  globule.  When  the 
plate  is  positive  and  the  point  negative,  the  latter  is  less  heated, 
and  does  not  become  fused ;  but  the  plate,  unless  it  be  very 
thick,  is  liable  to  be  perforated :  besides,  as  may  easily  be 

*  'Tiny  crtcot  may  possibly  have  beer.  o\viiiy  to  the  action  of  the  oxygen 
brought  by  the  voltaic  current  into  iiiai  particular  state  v^hich  Schunbeia 
lint  oewribcd  uader  the  name  of  otone.  Indeed,  in  thi^  state  the  oxygen 
may  attack  those  metals  which  are  supposed  to  be  iiioxldizahie ;  and  AI. 
Murignac  and  I  have  shown  that  this  may  be  crt'ected  by  causini^  a  succes- 
sion of  electric  discharges  to  piuit  thi  ou^h  the  oxygen,  even  when  very  dry, 
with  which  the  pbrnomenou  of  the  vvltaic  arc  has  a  graaft  resenblaace. 
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iinagiaed,  the  pbeenomenon  lasts  much  looger  in  the  Urtlsr 
case.  The  light  is  less  hriUiant,  but  it  Is  aeoompenicd  bj  a 
refiexiofi  of  a  superb  blue,  whidi  may  be  seen  wlieD  thees- 
perimenlis  made  in  the  interior  of  a  bell,  whether  the  air 
be  rarefied  or  not.  Tliis  blue  reflexion  is  observed  on  the  side 
of  the  bell,  and  is  io  be  seen  whatever  may  be  the  nature  of 
the  electrodes,  or  the  colour  ol  the  light  to  which  these  give 
rise  in  the  centre  of  the  be!!;  only  when  this  centrnl  lii^bt  is 
very  brilliant,  it  becomes  .sli<^luly  paler  by  tiie  eiil  i  l  L>t  contrast. 

I  substituted  for  ihe.  ))latinum  point  a  poiui  of  coke,  but 
the  plate  of  platinum  remained ;  this  being  positive  and  tha 
point  negative^  I  obtauied  a  lummoos  arc  more  than  doobls 
the  length  of  the  arc  produced  b^  the  point  of  plfttuimii* 
With  respect  to  the  arc,  instead  of  its  being  a  cone  of  Ugfai^ 
having  its  bese  on  the  plate  and  its  apex  at  the  points  as  was 
die  case  when  the  latter  was  platiannif  it  was  composed  of  a 
multitude  of  luminous  jets  diverging  from  different  points  of 
the  plate,  nnd  tending  to  various  parts  of  the  point  of  coke. 
Tills  fact  shows  clcany  the  influence  that  may  be  exercised  by 
tlie  negntivi'  electrode,  the  function  of  wlrich  is  very  far  from 
being  a  merely  jiassive  one.  Let  me  add,  that  although  the 
strength  of  the  piie  was  precisely  ihe  same  as  when  the  pomi. 
was  of  platinum,  not  only  was  the  luminous  arc  much  longer 
with  the  point  of  ooke»  but  the  htat  cfoveloped  ui  the  |daln  of 
platinum  was  so  much  greater  that  it  was  soon  melted  and 
perforated.  The  coke  Eeing  positive  and  the  plate  ncgadve^ 
the  length  of  the  arc  was  less  than  in  the  preceding  case,  and 
particttwrly  so  in  air,  where  it  was  smsibly  less  than  in  a 
vacuum.  The  heat  generated  was  however  still  very  great, 
the  point  of  coke  becoining  quickly  incandescent  throughout. 
1  ought  to  add,  that  with  the  pomt  of  coke,  the  lunnnous  arc 
was  so  brilliant  that  the  blue  light  which  I  have  mentioned 
filmust  entirely  di^appeaiedi  which  was  nut  the  case  with  anjf 
oUiLi  kiijti  of  point. 

Leaving  the  plate  of  platinum,  I  adjusted  a  zinc  point.  The 
efieou  were  most  brilliant^  but  of  snort  duration,  the  point 
speedily  melting*  In  common  air,  a  deposit  of  iHiite  oxide 
was  precipitated  upon  the  platinum  plate ;  in  highly  rarefied 
air  (the  ▼acuum  off  an  air-pump),  a  black  deposit  was  fbrroed : 
in  both  cases  it  communicated  with  the  positite  poIe«  An 
iron  point  being  substituted  for  that  of  zinc,  equally  produced 
in  common  air  a  brownish-red  depo<;itof  oxideof  iroo,  and  in 
rarefied  nir  a  deposit  of  black  oxide. 

I  call  the  attention  of  chemists  to  these  two  tact-^,  n--  well  as 
that  of  ilic  t>xi(i.'iiiun  of  the  platinum  at  a  high  tom})L  r.iiure  in 
rarehed  air.  They  appear  to  prove  liie  iuiiuciKc  vUitcii  the 
State  of  greater  pr  less  density  cm  the  sarroonding  oxygen  may 
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exert  on  the  phsenomenon  of  oxidation  and  on  the  nature  of 
the  oxide  formed.  A  phite  and  a  point  oi  soil  iron  were  used 
as  positive  and  negative  electrodes,  botli  in  a  vnciiurn  and  in 
tlie  ntmosjihere ;  the  buine  results  appeared  vvifh  a  plale  and 
a  point  ot"  silver,  a  plate  and  a  point  of  coppci,  and  a  phite 
and  point  of  argeniane*.  The  blue  light  was  perceived  ia 
all  tlw  cxporimeoto ;  eokwrod  drd«i  mm  likewise  teen  on  all 
the  plates  when  Uwj^  had  acted  ae  poaitife  electrodes  in  rare- 
fied air.  ^  The  silver  and  copper  plates  presented  in  this  case 
veiy  decided  cavities,  caused  by  the  passage  of  the  matter 
Irom  the  posiuve  to  the  negative  pole.  The  points  became 
oicandescent  throughout  when  they  served  as  positive  elec- 
trodes ;  whereas  when  negative,  they  were  heated  only  at  their 
extremities.  The  copper  point  when  positive  became  isolating 
at  its  extremity,  nnd  it  was  necessary  to  excit*'  it  by  friction 
in  order  to  renc  v  the  experiment.  This  ciriu  instance  is  pro- 
bably aUributal)le  to  liie  furnialioi)  of  a  thin  iiim  of  oxide. 
The  point  and  plate  of  copper  gave  out  a  luminous  arc  of  a 
heaotiful  green  lieht,  whtcn  contrasted  in  a  remarkable  manner 
with  the  blue  re£xion  visible  in  this»  as  in  the  other  experi- 
Donts,  Mercory  was  likewise  emplojredy  both  as  a  positive 
and  negative  electrode.  In  a  vacuum  as  well  as  in  atoiospheric 
air,  the  Inminoas  effect  was  most  brilliant.  The  mercury  was 
excessively  agitated,  rising  up  in  the  form  of  a  cone  when  it 
was  positive,  and  sinking  considerably  below  the  positive  point 
when  it  was  negative.  The  quantity  ot  vapour  thrown  oil"  by 
the  mercury  during  this  experiment  filled  the  bell  so  quickly 
that  it  was  not  easy  to  obscrvL'  U?o  det.nil>. 

I  shall  termauiLe  tins  seeuun  b^'  aiauug  uiUct  whicli  appears 
to  me  to  be  important ;  it  is  the  mfluence  which  the  nature  of 
the  metallic  points  forming  the  electrodes  exercises  on  the 
temperatore  which  they  acqnire  in  relation  to  the  production 
of  the  voltaic  arc.  If  the  two  points  are  of  the  same  metal> 
both  piattnnniy  or  both  silver,  the  positive  one  alone  becomes 
incandescent  thronghout  its  whole  length.  If  the  silver  point 
be  positive  and  that  of  the  platinum  negative,  tlie  latter  bc- 
cotneii  incandescent,  and  the  silver  one  is  much  le^s  heated. 
Thus,  when  the  vol:aic  arc  is  formed,  the  circuit  must  be  re- 
garded as  completed,  and  then  it  is  those  part»  of  the  circuit 
which* present  the  greatest  resistance  to  the  current  which 
become  liie  iiuiiejBt ;  at  iirsl  it  is  iliat  portion  ibrmin^  the  arc 
itself,  and  then^  in  the  rest  of  the  drculi,  the  metal  which  is 
the  worst  coodoctor.  Bat  if  the  condnctors  be  of  the  same 
nuiterial  on  both  sides  of  the  arc»  or  if  there  be  only  a  slight 

^  An  alloy  of  copper  and  nickel:  alio  known  by  the  names  pac/ifvng 
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ditlereiice  of  conductibility  between  them,  then  the  develo})- 
ment  of  lieat,  instead  oi  bt.iijg  uiiitoim,  as  it  might  appear  it 
ought  to  be,  is  much  greater  on  the  pusitive  side.  Thiii  im- 
portant fact  evidently  proves  that  this  portion  of  the  circuit 
DM  to  resist  a  much  more  energetic  action  than  that  which  tibe 
other  side  experiences ;  a  fact  which  is  confirmed  by  the  mo- 
lecular segregation  accompanying  this  action  at  the  positiTe 
electrode.  This  want  of  resemblance  in  the  phaenomena  pre- 
sented by  the  two  electrodes^  although  placed  in  conditKMis 
entirely  synnTjetrical,  deserves  to  be  taken  into  serious  consi- 
deration, for  it  may  throw  light  upon  the  nature  of  the  electric 
current,  and  upon  the  link  whicii  unites  it  with  the  molecular 
state  of  the  bodies  through  which  it  is  transmitted. 

'§  9.  Influence  of  Magnetism  on  the  VoUaie  Arc 

Davy  was  the  iiibL  who  observed  that  a  poweriul  magnet 
acts  upon  the  voltaic  arc  as  upon  a  moveable  conductor,  tra- 
versed by  an  electric  current ;  it  attracts  and  repels  It^  aod 
this  repulsion  and  attraction  manifests  itaelf  by  a  change  in 
the  form  of  the  arc*  Even  the  action  of  the  magnet  may,  as 
I  have  found*  breftk  the  arc  by  too  great  an  attraction  or  re- 
pulsion exerted  upon  it|  causing  the  communication  which  the 
transmitted  particles  establish  between  the  electrodes  to  ceaae. 

The  action  which  1  have  just  mentioned  is  not  the  only  one 
which  magnetism  exerts  on  the  voltaic  arc.  I  have  already 
stated  the  curious  fact,  that  if  two  points  of  soft  iron  acting  as 
electrodes,  be  both  placed  within  a  helix  ibrmed  of  thick  cop- 
per wire  of  several  coils,  the  voltaic  arc  clevelopcd  betweeii 
the  two  jjoiiiu  ut  ii  i  ii  ceases  the  moment  a  strong  current 
pab-)Ctl  ihiuugh  ilic  wire  of  the  helices,  and  reappears  if  this 
current  be  arrested  before  the  points  have  become  cold,  i  he 
arc  cannot  be  formed  between  the  two  iron  points  when  tliey 
are  magnetized,  whether  by  the  action  of  the  nelices,  or  by  that 
of  a  powerful  magnet^  unless  they  be  brought  much  nearer  to 
one  anodier,  and  the  appearance  of  the  pnsenomenon  is  then 
entirely  diflferent*  The  transported  particles  appear  to  di^ 
engage  themselves  with  ilifliculty  from  the  positive  electrode^ 
sparks  fly  with  noise  in  all  directions,  while  in  the  former  case 
it  was  a  vivid  light  w  ithout  sparks,  and  witlmut  noise,  accom- 
panied by  the  translcr  of  a  liquid  nniss,  and  this  appeared  to 
be  effected  witli  the  i^neatest  ea«e.  It  is  of  little  moment  with 
respect  to  the  il  miIl  of  the  experiment,  whether  the  two  rods 
ot  niagnetizeii  u  vu  present  to  that  })art  of  their  extremities 
between  which  the  luminous  arc  springs,  the  same  magnetic 
poles  or  diflerent  poles. 

The  positive  electrode  of  iron,  when  it  is  strongly  magnet* 
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mod,  producest  the  moment  that  the  voltaic  are  Is  formed  be- 
tween it  and  a  negative  electrode  of  whatever  nature*  a  very 
intense  noise»  analogous  to  the  sharp  hlsbiug  sound  of  steam 
Issuing  from  a  locomotive  en^ne.   This  noise  oeases  simul- 

tatitjously  with  the  magnettzation. 

For  the  purpose  of  better  analysing  these  different  phaeno* 
mens,  I  placed  an  electro- magnet  of  large  dimensions  and  great 
power  in  such  n  manner  as  to  enable  me  to  place  on  each  of 
its  poles,  or  ht'tvvpcn  them,  ditFerenl  metals  destined  in  loviw 
one  of  the  electrodes  of  the  pile,  while  one  point  ol  ihc  ^aiiie 
metal,  or  another  substance,  acted  as  the  other  clecir^Hlc.  I 
have  alike  en»{)loyed  as  electrodes,  placin<r  them  in  llie  same 
circumstances,  two  points  oi  ilie  same  iueial  or  of  different 
metals.  The  following  are  the  results  which  I  have  obtained. 
A  plate  of  platinnm  was  placed  on  one  of  the  poles  of  the 
electro-magnet,  and  a  point  of  the  same  metal  was  placed  ver« 
tically  above  it;  the  voltaic  are  was  produced  between  the 
plate  and  the  point,  the  plate  being  positive  and  the  point 
negative*  As  soon  as  the  electro-magnet  was  charged,  a  sharp 
hissing  was  heard ;  it  became  necessary  to  bring  uie  point  of 
the  plate  nearer  to  enable  the  arc  to  continue,  and  the  bluish 
circular  spot  which  ihe  ))latinum  plate  presented,  became 
larger  than  when  the  t  xpt  riment  was  made  beyonc!  tlie  influ- 
ence of  tiic  electro- maguet.  The  plate  was  nuule  negative, 
and  the  point  positive;  the  dleci  was  then  totally  ddierent; 
the  luminous  arc  no  lon^'cr  mairiLaiiicd  its  vertical  direction 
when  the  elecUo-niagnet  was  charged,  but  took  an  obli(jue 
direction,  as  If  it  had  been  projected  outwards  towards  the 
margin  of  the  plate;  it  was  broken  incessantly,  each  time  ao» 
companied  by  a  sharp  and  sudden  noise,  similar  to  the  dis- 
chai^  of  a  lievden  jar.  The  direction  In  which  the  luminous 
arc  is  projected,  depends  upon  the  direction  of  the  current 
producing  it,  as  likewise  on  the  position  of  the  plate  on  one 
or  other  of  the  two  pol^,  or  between  the  poles  oi'  the  electro- 
magnet.  A  plate  and  a  point  of  silver,  n  plate  and  a  point  of 
copper,  and  generally  a  plate  and  a  point  of  any  other  metal, 
provided  it  be  not  metal  too  easily  fused,  present  the  same 
phitnomena. 

Copper,  and  still  more  silver,  present  a  remarkable  pecu- 
liarity. Plates  of  these  two  metals  retain  on  their  surface^  the 
impression  ol  the  acUou  liiat  took  jilace  in  the  experiments 
just  described.  Thus,  when  the  plate  is  positive,  that  portion 
of  its  surface  lying  beneath  the  negative  point  presents  a  spot 
in  the  form  of  a  helix ;  as  if  the  metel  melted  In  this  locality 
had  undergone  a  gyratory  motion  around  a  centre^  at  the  same 
time  that  it  was  uplifted  m  the  shape  of  a  cone  towards  the 
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point.  Moreofer,  ths  ctirvi)  of  the  helix  is  fringed  throughout 
by  minute  nuuificatioiit,  precisely  similar  to  the  tufts  whieb 

mark  the  passage  of  positive  electricity  in  a  Leyden  jar.  When 
the  plate  is  negative  and  the  point  positive,  the  marks  are 
totally  different,  being  merely  a  simple  point,  or  rather  a  circle 
of  a  very  small  diameter,  whence  proceeds  a  line  more  or  U  ns 
curveil,  forming  a  kind  of  tail  to  the  comer,  ol'  which  lIic  muuU 
circle  might  be  liie  nuclens:  the  (iirectiou  o\  this  tail  depends 
upon  the  direction  in  which  the  luminous  arc  has  been  pro- 

When,  iDsteed  of  a  plate  and  a  pcMiit«  two  pointt  are  oaed 
ibr  electrodes,  it  is  evident  that  no  visible  trace  of  this  pfajeno* 
menon  can  be  obtained  \  but  both  the  sharp  hissing  and  tbe 
detonations  may  be  prodvced,  whicfa  latter  are  sometinea  so 

loud  as  to  bear  a  resemblance  to  distant  discliaf|(es  of  mus- 
ketry.   For  this  the  electro- magnet  most  be  very  powerful, 

and  the  current  wliich  produces  the  arc  very  intense.  I  had 
observed  that  when  1  took  for  a  positive  electrode  a  point  of 
platinum,  and  for  a  negative  electrode  a  point  of  copjwr.  nrul 
plncefl  thetn  hptvvcen  the  two  poles  of  the  electro-n. ii^ncu  lli  j 
protiiKiiun  oi  ilie  voltaic  arc  between  the  two  poles  was  ac- 
companied by  a  siiaip  iiissing  noise;  whereas  in  the  opposite 
case,  the  copper  being  positive,  and  the  platinum  negative, 
tbe  detonations  were  heard,  attended  by  a  frequent  breaking 
of  the  arc.  On  examining  this  pbsBnoneooD  more  cloeely,  1 
perceived  that  the  fact  I  have  iust  mentioned  was  due  to  the 
platinum  beeoming  heated  mach  more  rapidly  than  the  copper 
when  they  were  employed  as  electrodes  in  producing  tbe  vol- 
taic arc ;  and  I  have  satisfied  myself  that  in  order  to  obtain 
the  hissing  sounds*  it  is  necessary  that  the  pc^tive  electiode 
diould  be  at  a  sufficiently  Iiigh  temperature  to  experience  a 
commencement  of  liquefaction ;  lor  without  this  condition, 
only  ;i  series  of  detonations  are  hoard.  Tfie  hissing  would  be 
t!if  iesult  of  the  ea&y  and  continuous  trniispurt  of  matter  more 
ui  less  liquefied  from  the  positive  electrode,  whilst  the  drto- 
naiiuii.:,  would  be  the  effect  ot^  the  resistance  opposed  by  the 
same  matter  to  the  disintegration  of  its  particles  when  it  is  not 
sufficiently  heated.  Numerous  experiments  made  with  metal- 
lic pointSj  whether  of  the  same  or  difierent  natoresy  as  8ilver» 
iron,  brass  Also  platinum  and  copoer,  some  of  which  b^ 
come  heat^  sooner  than  others  under  the  same  drcumstaneesy 
have  cpiite  confirmed  me  in  this  view  of  the  aul^ecL  It  is 
merely  neoessary  to  be  careful,  in  order  to  produce  the  hissing 
noise^  to  maintain  as  much  as  iiossible  tbe  continotty  of  tbe 
arc  when  once  the  positive  electrode  becomes  incandescent: 
whiles  on  the  other  band,  to  obtain  tbe  detooalaons,  one  of  tbe 


Digitized  by  Google 


tlectrodes  must  be  liM  hi  the  hand,  and  then  the  arc  fre« 
quenliy  timdc  and  broken  witboQt  waiting  till  mMliio 
points  acquire  too  high  a  tmperatara. 

It  renuuna  now  to  oa  eootidered  why  the  influence  of  pow- 
erful magnetitm,  anch  as  that  exerted  by  the  eleeti^magne^ 
ia  neeasaary  ibr  the  prodnetloii  of  these  sound%  which  are  not 
heard  in  the  ordinary  experiment  of  the  voltaic  arc  This  can 
arite  only  from  the  change  which  the  magnet  prodaces  in  the 
molecular  constitution  of  the  matter  of  the  eieetrode,  or  rather 
in  the  highly  diffused  matter  which  forms  the  voltaic  arc. 
This  action  is  besides  shown  by  the  shorteninr^  of  the  arc,  and 
b}'  the  remarkable  diirereiice  which  it  prestiits  in  its  appear- 
ance; it  is  iheretore  not  surpri^nig  that  it  sliould  also  be  capable 
of  jirodncing  a  phicnomenon  'such  as  sound,  which  essentially 
dej»t*iui?»  on  the  variations  in  ilic  molecular  state  of  bodies. 
This  vit'u  (it  [he  subject  appears  to  nie  to  deserve  very  par- 
titular  .iiLcniiou  :  lilt  results  at  which  I  have  arrived,  in  pur- 
suing it  more  closely,  form  theiuL^ect  of  theiollowing  sectioo. 

f  S.  Influence  qf  the  permanent  action  of  Mugnctim  on  am* 
ducting  bodies  (raoened  t^f  iniem^d  eleeirk  eurremU* 

Faraday'a  brilliant  discovery  of  the  action  exerted  by  mag- 
netism on  a  ray  of  polariased  fights  when  that  ray  traveteea  a 
tnuMparent  body  aabmitlcd  to  Uie  action  of  a  powerful  electro- 
iTian;net,  had  no  sooner  been  announced  by  its  illustrious 
author,  than  the  majority  of  philosophers  saw  in  it  a  proof 
that  magnetism,  when  at  a  high  defiree  of  intensity,  has  power 
to  modify  the  molecular  constitution  of  all  bodies.  They 
conse(|uently  attributed  the  phrunomenon  observed  by  Faraday, 
not  to  the  direct  action  of  the  t  Icctro-magnet  on  the  polarized 
ray,  but  to  the  modification  eiiected  by  this  action  on  the  mo- 
lecular consul  I. /lOn  of  the  substance  traversed  by  the  ray.  I 
was  of  this  o|)nnon,  aiul  ct>imiiunicateil  ii  to  Mr.  Faraiiay, 
who  alludes  to  it  in  hi:>  memoir.  Desirous,  however,  of  found- 
ing this  opinion  on  facts  of  a  dtfierent  kind,  I  asked  myself  if 
it  wero  not  poasible  to  find  in  the  eleotrie  eorrenty  an  agent 
capable  of  performiiw  the  same  fimotion  for  opake  conducting 
bodtis  that  polarisecT light  doea  for  transparent  ones,  I  had 
atotod  in  my  paper  on  the  sound  emitted  by  iron  wires  tra- 
velled by  interrupted  eleotrio  cnrientSy  that  the  nature  as  well 
as  the  intensity  of  the  sounds  were  singularly  modified  by 
tlie  moUeular  i>tate  of  tlie  wire  submitted  to  the  experiment. 
I  had  particularly  mentioned  the  influence  of  temper  and  an- 
nealing, of  greater  or  less  tension,  nnd  of  temperature.  I  had 
shown  that  iron  wire,  wlien  nncicr  tlic  inflnence  nf  nii  nctioii 

which  remkra  it  magueuct  doeti  not  eout  the  8«uue  »ottnd  as 
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when  h  is  in  ibt  natural  state.  Finally^  by  modiMii^  tfarooch 
the  agency  of  heat,  the  molecular  arrangement  or  some  metal% 
ancb  as  platinum  and  brasti}  I  had  succeeded  in  obtainiiig  from 
tbeni,  during  tlic  passage  of  the  interrupted  curreoty  soands^ 

which,  though  lcfl)le,  were  yet  distinct. 

Tfic  j)recediug  reHexiouii  teniled  to  conHrm  me  in  inv 
opinnsii,  th  it  sounds  produced  un(]er  the  iunuence  of  nng- 
iielisni  iii  llio  experiments  on  tlie  voltaic  arc,  are  owiu^  to  a 
molecular  moddication  clfected  l)y  the  action  of  the  magnet, 
and  ihe  litoi  e  so  inasmuch  as  the  vullaic  ;ii  (  may  be  regarded 
as  produced  by  a  succcsbioii  of  interrupted  cun  cuts,  following 
each  other  witti  extreme  rapidity,  rather  than  by  a  perfectly 
oontinnous  current.  I  accordingly  Uxk  bars  of  other  oietaie 
besides  iron*  as  of  tin,  zinc,  lead,  Dtsmnthy  &c*  I  pkoed  them 
on  the  poles  of  the  electro-magnet,  and  1  caused  an  intemtpted 
carrent  from  a  Grove's  battery  of  from  five  to  ten  pairs  to 
traverse  them.  They  emitted  no  sound  as  long  as  tlie  electnH 
magnet  was  not  magnetiMd ;  but  as  soon  as  it  was»  sounds  were 
very  distinctly  heard,  composed  of  a  series  of  strokes  corrc- 
n>onding  to  the  interruptions  of  the  current,  and  analogous  to 
tnat  produced  bv  a  toothed  wheel.  The  bars  were  eighteen 
inches  lon^,  nnd  Irom  nine  to  ten  lines  square.  Rods  of 
copper,  platuunn,  and  silver  produced  a  similar  eflect :  a  rod 
of  iron  liid  iK>t  emit  a  much  louder  sound  under  the  inHueoce 
of  the  magnet  than  it  did  when  not  exposed  to  this  action. 

What  appeared  to  me  most  reiiiai  kable  was,  to  find  lead,  a 
body  so  little  elastic,  yield  a  sound  as  powerful  as  those  pro- 
ceeding from  tlie  other  metals,  when  placed  under  the  same 
circumstances»  The  position  of  metallic  bars  with  mpect  to 
the  poles  of  (he  dectro-magnet  did  not  in  any  way  modify  the 
result  of  the  experiment;  they  might  be  placed  axially,  thai 
is  to  say.  In  the  direction  of  the  poles»  or  eqnatorially,  that  is, 
across  the  poles ;  the  effect  remained  the  same,  being  merely 
weakened  as  the  distance  between  the  bur  and  the  poles  in- 
creased. In  order  to  hear  the  sound  dbtinctlyt  when  not  very 
powerful,  it  was  sufficient  to  establish  a  communicalkm  hi^ 
tween  the  metallic  bar  and  the  ear  by  means  of  a  wooden  rod. 
In  this  manner  the  sotiiuf  wns  Tiot  un frequently  heard  prolonged 
some  seconds,  thou<^li  growing  constantly  feebler,  until  it  ceaj^ed 
entirely,  after  the  source  oi  magnetism  had  been  withdrawn 
from  the  eiectro-magnet.  Mr.  Faraday  has  remarked  an 
analogous  fact  in  the  action  of  the  transparent  medium  on  the 
polarized  ray,  an  action  which  does  not  cease  nutucdiately 
with  the  magnetism  of  the  electro-magnet.  Is  this  prolonga- 
tion owing  lo  the  magnetization  of  the  electro-magnet  not 
ceasing  in  a  sudden  manner;  or  to  its  return  to  its  primitivo 
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molecalar  state  not  taking  place  inetantaneouslv  In  the  suIh 

stance  submitted  to  its  actioD  ?  This  question  t  am  unable  to 
decide.  I  incline,  however,  rather  to  the  ktter  of  these  ex- 
planations, seeing  that  the  effiact  is  not  equally  perceptible  in 
all  bodies,  nnd  that  it  is,  for  example^  more  sensible  in  a  bar 

of  bismuth  than  in  one  of  copper. 

It  is  needless  to  remark  tiint  the  calorific  ac  tion  of  the  cur- 
rent could  not  have  any  influence  on  liie  j)i  <)(iiiction  of  the 
phienonienon.  since  there  could  hax  i  ht'cn  no  tU  velopnient  of 
heat,  on  account  of  tliu  iluncnsion  ui  the  bars  compared  with 
the  force  of  the  current.  Besides,  if  the  expansion  arising 
from  the  heating  of  the  body  traversed  by  interrupted  currents 
had  caused  the  sound,  the  efiect  would  have  been  produced 
equally,  whether  the  bar  had  been  under  the  infloenoe  of  the 
magnet  or  not  This  last  remark  applies  equally  to  the  fol* 
lowing  experiments,  as  to  the  preceding* 

The  intensity  of  the  sound  appears  to  depend  much  lesson 
the  nature  of  the  substance  submitted  to  the  cxperinipfit,  than 
on  its  form,  its  volume,  and  its  mnss.  Tubes  of  pialnuini,  of 
copper,  and  of  zinc,  emitted  more  marked  M  jimds  than  massive 
cyUndcrs  of  the  same  iiicials.  1  wound  a  leaden  wire  iu  the 
form. of  a  hehx  round  a  cylinder  of  wood  ;  I  did  the  same  with 
a  very  fine  platinum  wire^  and  also  with  copper,  zinc,  and  tin 
wires,  taking  care  to  place  the  coils  of  the  nekices  so  far  apart 
that  each  should  be  isolated.  Placed  like  bars  and  tunes, 
whether  in  the  direction  of,  or  across  the  poles  of  the  electro- 
magnet, these  helices  emitted  very  powerful  sounds  when,  the 
electro-magnet  being  charged,  they  were  traversed  by  the  in- 
terrupted ctuTent.  ft  was  particularly  surprising  to  hear  the 
lend  wire  emit  so  stronfr  a  sound.  A  helix  constructed  with 
copper  wire,  covered  with  silk,  and  composeii  of  several  coils 
wiJiiM  1  Kuind  each  other,  emitted  a  very  intense  sound;  it 
n\i>o  cmiued  one,  but  much  feebler,  under  the  action  of  the 
electro- magnet. 

It  is  almost  needless  to  remark,  that  in  all  these  experiments 
an  ordmary  magnet  produces  the  same  eflect  as  an  electro- 
maonet.  But  what  is  more  interesting,  is  to  replace  the  action 
of  the  electro-magnet  by  that  of  a  helix  traversed  by  a  strong 
continuous  current,  in  the  axis  of  whicli  lielix  is  placed  the 
bar,  the  tube  or  the  coiled  wire,  through  which  the  interrupted 
current  is  transmitted.  Experiments  have  shown  me  that  in 
this  case  the  results  nrc  the  same  ;  the  intensity  of  the  sounds 
is  not  very  different,  especially  when  tubes  and  wires  coiled  as 
iifci  n-xs  are  used. 

If,  between  the  exterior  helix  and  ilie  uauil  subiuiiieJ  to 
the  action,  a  tube  of  soft  iron  is  placed,  the  effect  is  a  little 
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b«ighteiied  i  it  is  neither  increaeed  nor  lessened  wlwn  the  tube 
is  of  copper,  only  in  this  case  another  sound  is  heard  which 

seems  tf)  proceed  from  the  copper  tube.  This  tube,  however, 
is  not  trttverseil  by  a  currei!t,  but  it  is  probably  acted  upon 
by  the  currents  of  induction,  which  tlie  interrupted  currents 
traversin'r  the  conduclor  phiced  in  the  axis  of  tlie  helix  pro- 
duce lii  iL  1  constructed  a  double  helix  lurnied  oi  two  ihick 
copper  wires  covered  with  silk  and  coiled^  each  forming  several 
drcuuvolutkmsy  the  one  exterior  to  the  other.  In  SMking  a 
continuous  current  pass  through  the  exterior  wir%  and  aa 
interrupted  current  through  the  inbarior  on%  I  hfAfd  a 
markably  intense  aound.  In  the  reverse  case,  the  aonnd  CK- 
isted,  but  was  much  weaker.  1  his  fact  is  etidentljr  connected 
with  the  known  property  of  heUces  traversed  by  electric  cur- 
rents exercising  scarcely  any  magnetic  influence  exteriorljTf 
whilst  in  tlie  interior  this  action  h  very  energetic. 

Metals  and  solid  bodies  aie  not  the  only  substances  whicli 
produce  the  phiLMiomen.i  J  have  jur?t  desciibcd  ;  all  conducting 
bodies,  whalevei  iii.iy  bu  their  state  or  their  nuluif,  aj)pe*ir  to 
be  capable  of  producing  them.  Tims,  I  have  observed  them 
with  pieoea  of  duirooal  of  all  kinds  and  shape.  Mercary  also 
produces  them  in  a  Tery  marked  manner.  I  have  indoted 
mercury  in  a  tobe  of  gkss  an  incli  in  diameter^  and  ten  inches 
long :  the  tube  was  completeljr  full  and  closed  with  care,  so 
that  the  mercury  could  have  no  motion.  As  soon  as  it  was 
traversed  by  an  interrupted  current,  transmitted  by  means  of 
two  platinum  wires,  and  the  elcclro-n)ntrnet  or  the  helix  v^'fis 
made  to  act  upon  it,  n  -mind  was  heni  d  remarkable  foi  its 
intensity.  When  tiie  mercury  was  placed  in  an  (tpi  n  ti  uugh, 
instead  of  btDi-^  inclosed  in  a  tube,  it  likewise  jirotkicetl  a 
sound,  and  in  adciiiion  iJiere  was  seen  on  its  surliice  an  agita- 
tion or  vibratory  motion,  very  different  from  the  gyratory 
moiioit  observed  by  Davy,  which  appears  nncter  theinfiaoioa 
of  the  poles  of  a  magnet  when  traversed  by  a  conttouous  cnr- 
rent. 

Dilate  sulphuric  acid^  and  what  is  even  better,  salt  wateff 
were  successively  put  in  a  capsule  of  platinum  placed  onooaof 
the  poles  of  an  electro-magnet.  A  point  of  platinum  immersed 

in  trie  litjuid,  served,  together  with  the  capsule,  to  send  an 
interrupted  current  through  iL  A  sonnd  was  again  heard, 
but  less  distinct,  on  account  of  the  noi  l  produced  by  the 
lii^Liigagenunt  of  the  gas  :  still  it  was  so  ciear  that  no  doubt 
could  be  ejJtertaiuLii  of  its  existence. 

Il  may  perhaps  be  thoughl  ihaL  in  ihc  experiments  1  iiave 
just  d^cribed,  the  sounds  are  produced  bv  the  mechanical 
actioii  of  attnotiioii  or  rapwision  aiwrted  by  tae  alccti  o^jpagnet 
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on  the  snbstSDce  traversed  by  nn  interrupted  current,  and 
that,  eoiiBeqiwntIy»  inagiMlistn  has  no  more  share  in  the  pbae- 
nomenon  than  a  finger  might  he  supposed  to  have,  %vhen 
pressing  on  a  sonorotis  cord.  Tl)e  simple  description  of  the 
experiments  sliows  tliis  interpretation  to  be  inadmissible.  In 
the  lirst  place,  the  sonii  i  is  the  same  with  the  wires  in  a  helix, 
whetlier  these  wires  be  sirelclied  or  not,  or  whether  they  be 
of  lead,  phitinum,  or  brass.  Besides,  iiuw  coultl  this  account 
for  the  sound  produced  in  huge  masses,  especially  ia  liquids, 
such  as  mercury,  and  for  the  fact,  that  the  position  of  the 
conductor  traversed  by  the  interrupted  current  with  regard  to 
the  poles  of  the  electro-magnet  does  not  exert  any  influence 
on  the  phaenomenoD*?  Ftirther,  it  roost  be  remarlned  that  the 
sound  in  question  is  not  a  musical  sound,  such  as  would  be 
produced  by  a  string  or  mass  made  to  vibrate  by  a  cause  acting 
exteriorly  at  its  surface ;  it  is  a  series  of  sounds  corresponding 
exactly  to  the  alternations  of  the  passage  of  the  current;  like 
a  species  of  collision  of  the  pnrtieles  amongst  themselves. 
Thus,  the  pluenomenon  is  molecular;  and  it  leads  to  the  de- 
monstration of  two  important  principles. 

The  first  pi  incijde  is,  that  the  passage  of  the  electric  current 
modilies,  even  in  :>olid  bodies,  the  arrangement  of  the  par- 
ticles ;  a  principle  which  I  have  already  deduced  from  the  ex- 
periments contained  in  my  preceding  memoir  cm  this  subject. 
The  second  principle  is,  Uiat  the  action  of  magnetism^  under 
whatever  form  it  may  be  exerted,  modifies  alike  the  molecular 
constitution  of  all  bodies^  and  that  this  modification  lasts  as 
long  as  ilie  cause  producing  it  endures,  and  only  ceases  with 
it.  What  is  the  nature  of  these  two  modifications  ?  This  is 
what  we  mnstendeavour  to  investigate  and  to  ascertain.  I  pur- 
pose to  engage  in  this  inquiry,  and  indeed  I  have  already  made 
some  attempts  of  which  it  would,  however,  be  premature  to 
give  any  account.  I  shall  confine  myself  at  p?-esent  ton  single 
remark,  which  does  not  appear  to  me  to  be  devoid  of  intei  c-t  : 
it  is,  that  the  influence  of  magnetism  on  all  conducting  bodies 
seems  to  impress  on  them,  as  long  as  it  lasts,  a  molecular 
constitution  similar  to  thai  wiiich  iron,  and  generall)  all  bodies 
susceptible  of  magnetism  possess  naturally ;  for  it  developes 
Jn  them  the  property  of  producing,  when  traversed  by  inter- 
rupted currents,  sounds  identical  with  those  emitted  also  by 
iron  and  other  magnetic  bodies  when  transmitting  these  cur« 
rents,  but  produced  In  these  last  without  requiring  the  action 
of  a  magnet  « 
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LII»  Anahjses  of  the  Ashes  of  Rough  Br  arm  Stigar  amd 
lasses.   By  Thomas  Hicuakoson'*'. 

TOURING  some  inqalries  which  I  had  occasion  to  make  In 
the  manufacture  of  an  artificial  manure  for  the  sii^r* 
cane^  it  was  necessary  to  know  the  composition  of  the  ash  of 
coarse  brown  sugar  and  molasses  as  imported  into  thiscoantiy. 
The  results  may  be  interesting  to  some  of  the  readers  of  jonr 
Journal* 


^6*48  grs.  ill  its  ordinary  state  left  2*74  grs.  ash  sl*S5 
per  cent.    14S*05  grs.  of  ash  furnished  18' 16  grs.  siliGa»  and 

4'75  grs.  carbonic  acid. 

grs.  of  ash  furnished  8*43  grs.  SOsBaO  =2*89  grs. 

suiptuiric  acid. 

28*61  grs.  of  ash  furninhefl  O'li)  gr.  oxide  of  copper. 

28'61  grs.  of  ash  fun)ished  1*95  gr.  peroxide  of  iron. 

28-61  grs.  of  ash  furnished  7*00  grs.  COg  CaU  =3*92  grs. 
lime. 

28-61  grs.  of  ash  furnished  7'8l  grs.  P062MgO  =2*86 grs. 
magnesia* 

16' 18  grs.  of  ash  furnished  7*36  grs.  Cl^  Ag  =  1*96  gr. 
chlorine. 

28*61  grs.  of  ash  furnished  28-61  grs.  chlorides  of  alkalies^ 
and  this  yielded  33*88  grs.  of  the  double  chloride  of  platinum 
and  potassium  =  1 0*34  grs.  chloride  of  (lotassium  =  6*53  grs. 
potash,  leaving  4*16  grs.  chloride  of  sodium  =  2*20  grs.  soda* 
The  ash  also  contained  n  trace  of  oxide  of  manganese. 

The  result  of  the  analysis  is  therefore — 


I.  Rough  Brown  Sugar. 


Potash  .  .  .  . 
Soda    .    .    .    .  . 

Lime  

Magnesia .   •   •  * 
Peroxide  of  iron 
Oxide  of  copper 
Oxide  of  maniranese 


.  '66 


22-84 
7-69 
18*69 
10*00 
6*11 


trace 

1012 
12*68 

2*J52 


Silica  •  •  • 
Carbonic  acid 
Chlorine  .  . 


.  12*20 


98*81 


*  ConmiiiiicBiad  by  the  Auihor. 
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Omitting  tKt  carbonic  add  and  combintqg  the  chlorine  with 
the  sodium  and  polassium»  we  obtain  the  following  compositioo 
In  100  parts 


Fbtash  19*48 

Lime  .  •  '  14*67 

Magnesia  10*72 

Peroxide  of  iron  •  .  .  «  6*55 
Oxide  of  copper  •  •  .  *  *7i 
Oxide  of  manganese  •  •  •  trace 
Cliloriiiu  of  potassium  .  •  •  8*03 
Chloride  of  sodium    .   .    .  i  r>-46 

Sulphuric  acid  10-8.5 

Silica  13-59 


100-00 


II.  Mohstes. 

Great  difficultv  was  experienced  in  incinerating  the  bulky 
charcoal  mass  left  by  boiling  down  th^  molasses.  Part  of  the 
oxide  of  iron  and  sulphuric  acid  were  decomposed  ;  and  this 

accounts  tor  the  excess  in  the  analysis,  as  these  substances 
were  obviously  in  part  twice  estimated.  477*77  grs.  ieil  17*21 
grs.  ash  =3-60  per  cent. 

Gl*27  grs.  of  ash  ftinD^hed  6*46  grs.  carbonic  acid. 

64  27  grs.  of  asli  f  n  inched  8*65  grs.  charcoal^  containing 
'5'}  gr.  peroxide  ol  iruii  antl  -26  gr.  lime. 

G4*27  grs.  of  ash  furnished  1*02  gr.  siUca. 

fil'*48d  grs.  of  ash  furnished  *28  gr.  peroxide  of  iron. 

9I*4S8  grs.  of  ash  ^mushed  3*83  grs.  (X>tOBOe314  grs. 
lime. 

SI  *48d  gra.  of  ash  furnished  5*34  grs.  PO5  SHgOs  1  -95  gr. 
m^gneaia. 

2 1  •1-23  grs.  of  ash  furnished  chlorides  of  alkalies  24'9J  grs., 
and  this  gave  chiortdes  of  platinum  and  p^«'^'i*ii  59*88  grs. 
»C]«  K  10*54  grs.,  ka?iog  GlgNa  4*57  grB.>«piMash  6*55and 
soda  2-42  grs« 

12-62  grs.  of  ash  faimished  i*58gra.  S0^BaO«*81Sgr. 

sulphuric  acid. 

18*405  grs,  of  ash  iumishvd  d'92  grs.  CJ^  Ags2<453  grs. 

chiornie. 

The  a^  also  coutaioed  traces  ol  oatides  of  copper  ami  man- 
ganese. 

Collecting  these  results  we  obtain  the  Allowing  compi^itioQ: 
F/iiL  Mug,    3.  Vol,  31.  JNo.  20y.  Nov.  1847.  Z 
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Potash   30-50 

Sodft   11 'SO 

Lime  10'42 

Magnesia   9*13 

Peroxide  of  iron   •    •    •    .  2*15 

Oxide  of  co]iper   •    •    »    •  trace 

Oxide  of  niaui^anese  .    .    .  trace 

Sulphuric  acid   6*48 

Chlorine   13*83 

Carbonic  acid   10*04 

Silica   1*58 

Charcoal   11*78 


106*71 

Omitting  the  charcoal  and  carbonic  acid,  and  combining 
the  chlorine  as  before,  we  have  as  follows:— 

Potash   36*23 

Lime   12-72 

Magnesia  11*14 

Peroxide  of  iron  ....  2-62 

Oxide  of  copper  ....  trace 

Oxide  oi  manganese  .    .    .  trace 

Chloride  of  potassium    .    .  1*58 

Chloride  of  sodium   ,   .   •  25*87 

Sulphuric  acid   7*91 

Silica   1*93 


100-00 

The  molasses  and  sugar  came  from  the  same  manufactory, 
and  were  made  from  the  same  sugar-cane. 


LIII.  Letier  from  Professor  LooMis  qf  (he  New  York  Uni" 
venity  to  Lieut.-Colonel  Sabine,  Foreign  Secretary  of  the 
Bmfid  Soeieti/,  on  the  determination  differences  of  Longt- 
tude  made  in  the  United  Slates  by  means  of  the  Electric 
Telegraph,  and  on  projected  observations  for  investigating 
the  Lams  if  the  great  North  American  Storms, 

Dear  Si  r,  New  Yodr  Unit enity,  Aug.  9, 1847. 

1H  AYE  been  for  some  time  engaged  upon  a  work  in  which 
you  may  perhaps  feel  some  interest^^^it  is  the  exact  de* 
termination  of  the  difierence  of  longitude  between  New  York» 
Philadelphia  and  Washbgton^  by  means  of  the  magnetic 
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telegnpb.  MoraeTs  magnetic  telegraph  lias  been  In  operatioa 
between  tbeie  pkcet  for  a  considerable  time»  and  Pror.  Bacbe 
profioied  to  use  tbe  line  for  the  transmission  of  signals  for  the 
comparison  of  onr  local  times  for  tbe  me  of  the  coast  sarfe^. 
Accordingly  I  erected  a  temporary  observatory  last  season  as 
near  to  this  city  as  I  conveniently  conld,  and  set  op  a  transit 
instrument  and  clock.  A  wire  was  then  carried  from  my  ob* 
servntory  to  the  telegraph-office,  thus  connecting  me  with  the 
regular  Philndelpliia  line.  A  wire  was  nUo  carried  from  the 
Phiia(]el[)l)ia  (elegrnph-office  lo  the  Higii  School  Observatory 
in  Philaildi iliin,  and  anotlier  wire  was  carried  from  the  Wash- 
ington tcK  irrapli  uilice  to  the  National  Observatory.  Thus 
three  t)l)scr\ aioi  tes,  at  New  York,  Philadelphia,  and  \\  ash- 
ingtoii,  were  in  telegraphic  communication  ;  and  having  de- 
termined our  local  tunes  by  astronomital  observations,  we 
oply  needed  some  signal  which  could  be  heard  simultaneously 
ac  ttie  three  places*  This  signal  was  aflbrded  by  the  dick  of 
a  magnet  in  the  osnal  mode  of  telegraphic  commanicatioo« 
Oor  plan  of  operation  Is  as  follows:— At  ten  in  the  eveninffy 
when  the  nsmu  hnslness  of  the  telegraph  company  is  conclodedy 
onr  three  observatories  are  put  in  communication  with  each 
other*  After  corresponding  with  each  other  long  enongh  to 
ascertain  that  everytning  is  in  good  ordert  York  com- 
mences giving  clock  signals.  At  the  commencement  of  a 
minute  by  my  clock  I  strike  the  key  of  my  register,  and  a  click 
is  heard  simultaneously  at  New  York,  Philadelphia,  and 
Washington.  The  three  observers  record  tlio  time  each  by 
his  own  clock.  At  the  expiration  of  lO**  I  give  a  similar  sig- 
nal, and  all  three  record;  after  anotlier  10*  I  do  the  sjime, 
and  so  on  to  twenty  signals.  Having  waited  one  miiuite, 
Philadelphia  i  cpoats  the  same  series  of  signals,  and  all  ieii>r(l 
the  time.  W'e  iheu  waiL  anoiher  minute,  and  Washington 
re|>eats  the  same  signals.  Thus  we  have  obtained  sixty  cum- 
parisoos  of  our  cIocks,  which  will  give  our  difference  of  Ion* 
gitude  with  as  great  accuracy  as  we  can  determine  onr  local 
times* 

In  onr  first  experiments  we  met  with  a  great  many  disap- 
pointments»  as  might  have  been  anticipated  from  the  novelty 
and  ddicacy  of  ihc  uhcIli taking;  but  we  have  triumphed 
over  them  all.  On  Jive  diiierent  nights  we  have  transmitted 
good  sisals  back  and  forth,  and  we  propose  to  continue  the 
comparisons  until  a  further  degree  of  accuracy  is  not  to  be 
expected.  The  errors  of  our  clocks  have  not  yet  been  rigo- 
rously computed,  and  \\c  hnvc  Tiot  obtainod  final  results;  but 
we  have  made  sufticient  coniparisons  to  know  that  the  results 
of  di^rent  nights  agree  remarkably  well  with  each  oilier*  I 
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think  the  extreme  discrepancy  of  different  night**'  work  will 
aiUuunL  to  only  a  small  fraction  of  a  second.  It  ap}>enrs  to 
me  that  this  mode  of  deterniinin*:^  diflbrences  of  longitude 
must  su})crse<le  every  uilici  nitiliod  between  places  which  arc 
connected  by  a  icicgraphic  wire.  Alie  observaiioas  can  be 
repeated  indefinitely^  and  I  think  the  longitude  can  be  deter* 
mined  with  a  precision  fully  equal  to  that  of  the  local  timea* 
I  pi^eaome  the  same  oaDOOt  be  said  of  anv  other  mdhod 
piactised.  I  have  not  heard  of  this  method  bek^  tried  in 
mK$  pari  of  Europe,  thoogh  the  application  is  very  obvious. 
Gail  jou  infonn  me  of  anjr  such  trials? 

In  niy  former  correspondence  ^vith  you,  and  in  my  printed 
papers,  1  have  more  than  once  alludid  lo  the  iiiiporlance  of  a 
conibmed  movement  in  \\y.s  cuuiUry  for  meteorological  obser- 
viUkons.  1  am  happy  lu  :>av  that  the  prospect  of  s neb  a  conj- 
binatiou  i:>  Urighleuiug.  Vou  are  probably  aware  that  tl^ 
Snuthsoniap  Institution  has  been  organized,  nod  PfoCJoseph 
Henrj  haabeen  pbced  ai  thehtad  of  it.  The  plan  of  or^ 
anation  is  to  appropriate  ^15^000  a^jrear  to  the  pomonon 
of  origimd  tminktL.  Prof,  Henry  is  dispomd  lo  mdwle  in 
this  plan  a  grand  OMteorological  campaign,  to  continue  for 
Mm  years, — to  cover  tbe  entire  area  ol'  the  United  States 
with  the  greatest  possible  number  of  observers :  we  want  300, 
and  I  think  they  could  be  obtained.  1  have  l>een  drawing  up 
a  pnper  for  Pix)f.  Henry  whicli  will  be  ]>lnred  bo^oie  the 
Sniilh:>oiuun  Institulion,  and  aUo  belore  C  ongress  liie  couung 
wiuler.  I  lUiiik  the  pl;i:i  will  be  carrieil  into  excciition, />/ 
"vidcd  we  can  obtain  ilic  co<  operatimi  of  llic  Uriti>it  Govern- 
ment. Yoii  luKMr  from  the  papers  which  I  have  sent  yon  that 
ottr  sreat  alonna  firegtiently  extand  fiur  to  the  northward  oC 
the  United  States.  When  the  caotie  of  a  alorm  travela  diong 
the  valley  of  the  St.  Lawrence,  its  margin  often  extends  to  the 
Gulf  of  idexicow  Observations  spread  over  the  entile  Unked 
States  would  frequently  include  only  half  the  area  of  a  vieWnl 
winter  storm  ;  and  tins  is  the  class  of  storms  from  w  hich  most 
is  to  be  expected,  because  iheir  phaenomenn  are  most  strcnirrfy 
dev^lopni.  Unless  therefore  we  ron!d  oliUmi  simultanrDUi 
obsei vaiiotis  Irom  the  Urilisii  po^^r>^h'!l-  i  n  ihe  north  ul  Lk>, 
we  slu)uld  feel  lliat  our  obscrvaLiun^  ut.rtf  deprived  of  more 
than  half  tUeir  'kulue.  Will  you  not  see  if  the  Uritisk  Gavcru- 
xaeiU  and  the  Hudson's  Bay  Company  cannot  be  induced  to 
ochoperato  with  ns?  Whal  1  propose  ia»  that  at  every  go-» 
verament  sladen  a  register  shonid  ne  kept  ibr  n  period  of  on^ 
two^  or  three  years,  i  should  hope  100  sttch  stations  could 
beprocmed.  The  finl  cost  of  the  inatrnaenfes  would  nal  bn 
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great,  and  the  expense  of  obsei  ving  probfibly  noUiing  ut  all. 
If  your  government  will  co-operate,  I  think  the  Smithsonian 
Institution  will  undertake  the  organization  for  the  United 
States. 

With  much  respect  I  remain^ 

Yours  truly, 

Elias  Loom. 


UV.  On  the  Algehrak  Equation  of  the  Fifth  Degree. 
Bif  the  Rev.  Baic£  BaoMwiM*. 

IT  appears  tbat  the  raoliidoa  of  eaiiatioiis  of  the  fifth  and 
higher  d^^rees  into  foctoro*  one  of  which  ii  of  the  second 
degree,  depends  upon  the  solution  of  the  proposed  equation 
itielf.  This  clreuinstanee  appears  to  me  deservuig  of  notice^ 
as  k  seems  to  uidicate  the  impossibility  of  solving  such  equa- 
lione  in  finite  terms.  Soppo^ 

Multiplying  the  two  factors,  and  comparing  the  result  with 
the  first  member}  we  find 

Eliminating  6  and  ^  from  these^  we  have 

2a/^  -  (a3  +  Atf  +  B)/+  D = 0 
/»-(a*+A]t^+Cy+Dfl«0. 

From  these  we  eanly  deduce 

/«  -  (3a2  4- A)/-f- AaH  Bfl -f- C = 0 
(a»+Aa-Bl/«-(2C«-Di/-2Da«=a 

Eliminating /»  by  «fl/«»(a?+Atf+B)/-D,  we  shall  have 
two  equations^  io  which/ will  be  only  of  the  first  degree; 
and  then,  by  eliroinating  It  from  these,  there  results  an  equa- 
tion in  a  of  the  tenth  degree ;  and  it  is  obvious  that/»  and 
b  will  be  determined  from  a  by  simple  equations. 

Now  let  a„  &c.  be  the  roots  of  the  equation  in  a,  and 
A'p  those  of  (1.) ;  then,  since      a*+/=0  must  con- 

tain two  of  the  las^  we  shall  have 

a^:=X^-\-X^     fljsrr^j+^j^     O^^Xx-^-S^^  ^4 


a 


•  OoDnnmicntwl  bj  tbe  Aathor< 
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Tu  wlach  we  maj  udd, 

By  dimiittting  jr,«  jr^  &c  from  these^  we  find 

Sif^ss  tf^—  2if^+ flg— 2«j,      aaiosa^ + ffj— 2a^— Sap 

which  may  be  verified  by  potting  for  a^,  8m»  their  valaes 
in  OTj,  &c  Therefore  «z  of  the  roou  Op  &c.  are  linear 
fiinctions  of  the  remaining  (bur,  and  the  eqaatloo  in  a  of  the 
tenth  degree  is  reducible  to  one  of  the  fimnh. 

We  also  find 

1  '  1 

«»=  3  ( -  ^1  +  2flrg  -  flg  ~  ^4),     =  ^  { -  fli  -  ^'a + ''^^s— «4)>  [  m 

Now  let  the  reduced  equation  in  a  be 

a*+«Mr*+««*+^+r=0,    .   •   •   •  (4,) 
the  roots  of  which  are  a^^  0^0^  o^;^  and  therefore 

Conbe<juenlly,  —  ot=Sx^  by  (3.), 

because  Ix(.rJ  =  0; 

2  1 

Hence  w,  7?,  and  arc  given  in  terms  m,  and  7;^  —  — 3r,  can 
only  be  found  by  solving  (1.);  or  the  resolution  of  the  pro- 
posed into  factors,  one  of  which  is  oi  the  second  d^ree,  de- 
pends upon  the  solution  of  the  proposed  itself. 

We  may  introduce  filth  roots  if  we  please  j  thu»,  Jet 
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Ihe  roots  being 

Here  we  shall  find,  as  belbr^  putting  for  &c.  their 

values  in  x„  x,,  &c.,  thnt 

+  5.r ,  (.r^,  -f     +  JL'I  +  ^•♦j  +2-54-  .f  5  4-    -f    =  -  2  7a  i 

We  may  find  h,  and  /  in  terms  of^,  as  we  found  and 
r  in  terms  of  at ;  and  as  Z(jrJ)»  S(.tJ),  &c.  are  known  functions 
of  A|  B»  tet  we  shall  have^*     &c*  functions  of  Tha 

determination  of  lliese  therefore  may  be  said  to  depend  upon 
the  solution  of  the  rrivon  equntion.  If  otlierwise  found,  as 
they  \m\y  be  by  fin(liii<r  the  equatiun  on  wincli  depends,  it 
must  be  by  an  equation  of  the  fifth  degree  nut  reducible ;  for 
the  five  values  of  x,,  &c.  being  dibtinct,  tiiere  will  be  as 
many  (iistinct  values  of^'. 

It  may  be  observed  that  if  we  make  A  any  olher  iiUeger 
function  of  not  passing  the  fifth  degree,  we  shall  still  have 
an  ultimate  eqnation  to  sol?e  of  the  same  degree. 

To  gtva  two  very  simple  examples  of  the  equation  in  g»  let 

Then 

2(:rl)=0,  2(xJ)=0^  S(jrg«-4A,  2(x{)=-5B; 

and 

jtiiminating     between  this  and  x]-\-Ax^-\-  B  =  0,  we  hav 

(g  +  22  B)*^  +  7^*  A^(g  +  2  2  B)  -  7*A*B = 0. 
Again,  let«^+Ajr>+B=0«   In  Oiis  case 

2(:r;)=0,  2(J:J)=s-S^  2(x{)«Q»  2(x})=»^5Bj 

and 

^B87jrf+S0A^4-5B. 

Eliminate  j:^  IVoiu  this  and  ^^-f  A^  j4- B  =  0,  and  there  results 

(g+88B)*+8*A*(g+22B)-S^A^B-0. 

By  making  g+22Bsv  in  the  first  of  these  ezamplest  and 
g+28Bsi^  in  the  seooody  the  equations  in  v  are  similar  to 
those  in    and  are  no  way  in  a  more  solvable  form. 
Let  ns  now  take  the  eqnation  of  ihe  sixth  degree^ 

A4^-|.  Bd^^  0^4.  IXr + £=  (d^-l- A>*+<^+<0 
ar+/)=30. 
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There  are  fifleen  ways  in  which  this  may  be  done,  and  con- 
sec^uently  the  equation  ia  a  will  be  of  the  fifteenth  degree.  As 
betore^ 

aisjTi+^fly  «8=jri+jr8i  fl'a«*i+*^  a^^x^+x^  ^^f^^Xi-f^^i 
and 

If  we  eliminate  &c.  t  runi  these  sixteen  equations,  we 

shall  have  ten  resulting  equations  between  a.,  &c.,  which 
will  give  a^,  a^,  ^  intennsof  the  first  five  of  tftiMoyaiititiea* 
The  equation  of  the  fifteenth  degree  is  therefim  ledttdble  to 
one  of  the  fifth,  or 

where 

+  a«  +  fla + «4+«B=*»i« 
The  determination  of  m  then  will  be  the  same  thing  as  solving 
the  given  equation  of  the  sixdi  degpree.   And  it  is  easy  to  see 
that  we  shall  arrive  at  results  precisely  the  same  in  equations 
of  a  suU  higher  decree. 

If  we  resolve  the  given  equation  into  the  faetors 
and  jfi'-'a4^+Jjf-^g9  we  shall  have 

and  the  equation  in  a  will  he  of  the  twentieth  degree.  Bat 
since  ci„s=  ^a,,  a^^ss^a^  the  equation  in  will  be  only 
of  the  tenth  degree.  The  reduced  equation  however,  whether 
we  find  by  it  a  or  a\  will  be  of  u  higoer  degree  than  the  fifth. 

Let  tts  now  return  to  (I.),  or  the  equation  of  the  fifth  de^ 
gree,  in  order  to  find  Lagrange's  final  equation  of  the  sixth 
degree. 

Make 

Whence  we  find 

5S*i = jr,  +  a^^a  +  ^%  +  y%  +  ^^^5 

where  1,  «,  /3,  7,  S  are  the  five  roots  of  unity.  If  we  make 
^sstt*,  yso^,  we  have 
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Let  ^>     ^3>  ^  be  the  rooto  of 
Tb«n 

to  find  which  I  emploj 

oolkctiDg  the  terms  separatelyt  and  reducing  by  means  of 
and  also 

We  thub  iind 

The  first  six  terms  nf  the  second  member  nre  all  fzlven, 
beirjg  symmetrical  luuctioni  of  Xp  .r^,  Sec.  Let  theii'  »um  be 
H;  tbeni  putting  —  M  fur  £($1)9  the  above  Hiii  be 

Or  if  vfQ  make 

250 

it  will  becoaio 

-f=.rjx»jr^  +  4?»jr;jr2  +  

Now  if  we  aiftke^'j,  .r,  cfiange  places  in  the  second  member  of 
tlie  Inst,  then  JTi,  x^,  ami  .r,,  a-y,  &c.,  we  shall  find  that  it  baa 

auL  dUlemit  valuer  as  *tai^  b;  X^range*  Tbus 
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-fi=«;4«?4+*f^i+  

-^4  =  4^^1 +^4^^2+ 

— f,»a^jrJr^+«Ja^jH-  

"ft=«M«'4+*?*J*»+  

By  udding  these  six  equations,  the  sum  of  the  second  mem- 
bers will  be  a  s>ynimetr]cal  function  of  x^,  Scc^  and  we  easily 
find  — X(f  i)  a  giYen  quantirjr.   Thus  the  coefficient 

of  the  second  term  of  the  equation  of  the  sixth  degrees  of  which 
the  roots  are  &c^  Is  Itnown,  and  the  other  coefficients 
may  be  found  by  means  of  it.  It  does  not  appear  that  there 
is  any  other  relation  between  ^„  f^,  3ic;  and  therefore  it 
would  seem  that  the  equation  of  the  sixth  degree  is  not  redu- 
cible. But  if  any  one  tbiuks  that  there  may  exist  such  a  reU- 
tion  as 

fl=/(f2). 

ydenotii,^  a  rational  function,  he  may,  from  what  precedes, 
make  tlie  trial.    Success  however  seems  so  hopeless,  that  it  m 
pity  that  time  and  talent  should  be  wasted  upon  it* 
Guothwaitc  Hall,  near  Baroalciy, 
October  2,  1847. 


LV.  Letter  from  Gapt  J.  H.  Lxfroy,  R.A,^  Director  of 
the  Biagnetk  Obtavatoj^y  of  Toronto  in  Canada^  to  Lietit* 
Colondf  Sabiiie»  iLA^  oh  a  great  Magnetie  DiUwrbtme  om 
ihe  Uth  ^September  1847* 

Oiitemitorjr,  Toroiit«i, 
My  dear  Colonel,  Ssptssnbw  84, 1647. 

THIS  day  has  been  distinguished  by  a  greater  disturbance 
than  any  we  have  had  yet.  The  observed  range  of  De- 
clination was  4^  2^;  and  I  have  little  doubt  that  the  actual 
range  was  greater,  as  tlie  lujii-comniissioned  officer  on  duty, 
when  he  found  thai  tlic  ihon oiuLut  was  beyond  the  scale  of 
the  Observatory  dediiionKtei ,  lo>t  time  in  sending  Tor  me, 
instead  of  at  once  lighting  ilic  laiii|)  of  the  transportable  one, 
and  liiilow  ing  it  up  on  that.  The  observed  range  ot  horizontal 
force  was  over  600  divisions,  or  0'052  of  the  horizontal  force  ! 
The  day  has  been  raw  and  cloud  v,  with  occaslooal  rain,  so  that 
if  an  aurora  existed,  it  could  not  nave  been  seen.  The  disturb* 
ance  seems  to  have  begun  between  21^ and  Gotlingen  time 
on  the  2drd»  as  die  observation  at  82^  was  decidedly  unusoal; 
but  extra  observations  did  not  commence  until  83^  20°^.  The 
extreme  disturbance  began  about  O**  35™  on  the  24th,  when 
both  theiaigededinomelef  and  laige  bifilar  went  off  their  scales. 
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At  tiiis  time  I  was  called,  and  we  be*;an  to  observe  the  trans- 
porlabie  declinoDieter  and  bifilar.  Tiie  last  also  went  ofTthe 
scale.  The  lowest  reading  oi  ihe  former  was  G92  5  at  I**  0™ 
Gott.,  and  the  highest  11 26*0  at  1^'  45'":  this  gives  a  range  of 
3°  36'- 7;  but  at  a  subsequent  period  (5**  0"  Gott)  a  reading  of 
1177*2  was  obtained}  thai  giving  the  enormous  range  of 
4^  S^'S*.  I  dkl  not  take  a  reeding  of  ^oar  oompass;  bat 
looking  hastily  at  it,  I  perceived  that  danng  the  great  shock 
it  was  ranging  more  than  8^  SO'  from  its  osoal  position.  As 
both  biHlar  scales  were  exceeded,  we  can  only  say  that  the 
ran^  of  that  element  between  0^  and  1**  Oott.  exceeded  600 
divisions^  or  0*058  of  itj>  whole  amount,  on  the  testimony  of 
two  instruments;  a  &ct  which  cannot,  1  thinks  but  make  it  a 
most  interesting  question,  what  is  the  nature  of  a  force  sub* 
ject  to  such  immense  variations,  and  liow  can  they  occur  with- 
out aft'eciing  or  being  afi'ected  by  the  other  physical  agents  in 
tliL  ;^lobe  ?  This  disturbance  was  attended  by  a  great  decree 
of  motion  in  tiie  maofnets,  a  peculiar  mechanical  n^itation, 
which  they  only  exhibit  on  rare  occasions ;  it  lasted,  more  or 
less,  dowii  to  12^  Gott.  As  the  results  have  not  been  made 
up,  I  cannot  btaiu  precisely  the  range  uf  inclination,  but  per- 
haps may  do  so  before  I  close  this. 

After  some  litde  trouble^  I  think  we  have  got  Dr.  Robin- 
son's Anemometer  into  beantiful  working;  order.  If  the  prin» 
ciple  on  which  the  velocity  is  estimated  is  correeti  as  we  most 
feel  confident  It  most  be,  I  think  ithas  agreatsnperiori^rover 
any  other  instrument  of  the  kind  yet  invented.  The  ncility 
and  precision  with  which  the  velocity  is  measared,  and  the 
beautiful  manner  in  which  sudden  changes  are  shown,  together 
with  the  large  scale  on  which  directions  are  marked,  make  it 
a  pleasure  to  use  it,  and  make  Osier's  instrument  look  quite 
clumsy  beside  it;  it  is  a  most  elegant  instrument,  and  will  give 
dininal  curves  of  velocity  with  a  precision  we  bnvc  never 
att;iiiic  (l  before.  I  found  on  careful  examination  that  Osler\s 
aneni'uiiLtLi ,  which  has  been  up  seven  years,  was  much  the 
worse  lur  wear,  and  not  in  a  condition  to  give  a  satisfactory 
comparison  with  the  other;  we  have  therefore,  with  a  good 
deal  ul  ihlltculty,  taken  ii  liown.  I  have  put  it  into  the  hands 
of  an  engineer  here,  and  he  is  to  refit  all  the  essential  parts, 
particularly  the  shoolder  and  collar  of  the  vanci  which  were 
worn,  and  made  the  vane  unsteady:  we  shall  then  be  able  to 
compare  pressures  and  velocities. 

Believe  me^  my  dear  Colonel^ 

Faithfully  yours, 

J.  U.  LlFROT. 

•  I  think  our  grsatcft  before  thk  wss  only  8^  89;  this  oecnirsd 
last  April. 
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LVL  On  the  Decomposition  of  Valerianic  Acid  by  the  Vol' 
taic  Current .    By  H,  Kolue,  PA.D.* 

veiy  remirkftbie  changes  which  a  series  of  oi^ganic 
compounds  nndcrjrocs  by  means  of  the  voltaic  eiizrenty 
have  induced  inc  to  make  tliat  mode  of  decomposition  the 
subject  of  a  tlioroiiLrli  iuvestigatiuii.  As  however  the  nume- 
rous diffirultirs  which  present  themselves  in  researches  of 
i\u6  nature,  aiui  tlie  immense  extent  of  the  field  wliii  li  us 
before  us,  do  not  admit  of  the  results  beinrr  cuiiHuunieaicd 
in  a  complete  and  connected  form,  1  beg  to  lay  bclbre  the  • 
Chemical  Society  a  short  preliminaiy  notice  of  the  changes 
which  valerianic  add  undergoes  when  exposed  to  the  oxidiziDg 
action  of  the  voltaic  cumnt^  reserving  a  more  complete  de- 
scription of  the  products  ohtained  tUl  Uie  investigatton  shall 
have  been  brought  to  a  close. 

When  the  voltaic  current,  excited  by  six  pairs  of  Hansen's 
carbo-zinc  battery,  is  permitted  to  act  on  a  concentrated  neu- 
tral iiolutiou  of  valerianate  of  potash  in  the  cold,  two  plates 
of  platinum  forming  the  electrodes,  a  briisk  evolution  of  gas 
takes  place  simultaneously  from  both  ;  the  gases  evolved  ' 
consist  of  hydrogen,  caibouic  acid  and  a  new  carbo-liydrogien, 
but  contain  no  traces  of  oxygen  jg;as  as  long  as  the  solution 
of  valerianate  of  potash  does  not  heeonie  too  much  exhausted. 
At  the  same  time  a  light  oily  liquid  smrates  at  the  surfibce^ 
having  an  agreeable  astJiereal  odour,  and  the  alkaline  solution 
ultimately  consists  chiefly  of  carbonate  and  bicarbonate  of 
potashi  the  latter  of  which  generally  separates  during  the 
operation  in  a  crystalline  form. 

The  nentrfil  fi^tb'Tcal  oil  is  a  mixture  of  two  compounds; 
the  one  containing  oxygen,  the  other  perfectly  free  Irom  it, 
J3y  the  action  of  an  alcoholic  solution  of  potasli  the  former  is 
decomposed,  and  the  latter  can  then,  by  means  of  water,  be 
seuaiaiLtl  unchanged,  lu  the  pure  state  it  exists  in  the  foi*m 
01  a  light  colounesB  SBthereal  oil,  possessing  an  agreeable 
aromatio  smell.  l£  is  insoluble  in  water>  but  aolubK  in  al-* 
oohol  and  letheri  it  boils  at  108^  C*  without  decomposition, 
and  has  the  oompoaitton  Cg  Hg.  Oxygen  and  iodine  are  Mrith- 
out  action  upon  it,  but  chlorine,  bromine^  and  finning  nitric 
add  form  with  it  products  of  substitution. 

The  oil  containmp:  oxyf^cn,  which  in  the  first  instance  was 
found  mixed  with  tliis  substance,  I  have  not  yet  been  able  to 
obtain  in  a  |iin\  state;  but  several  circumstances  render  it 
more  than  probable  that  it  is  formed  by  the  union  uf  \ale- 
jiuiue  ticid  with  the  oxide  of  the  above  carbo-hydrogcn.  Xn 
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alooholiq  tohitioii  of  potash  treated  with  it  ia  found  to  con- 
tain aa  a  product  of  aeoompoattion  a  considerable  amount  of 
valerianate  of  potaah.  But  on  account  of  the  small  quanti^ 
of  material  which  baa  been  at  ni  v  disposal^  I  have  not  si^ 
ccccled  in  separating  the  filcohol  C9  H|o  O^^  which  moat  have 
been  formed  at  the  snmc  time. 

The  "gaseous  ciirbo-hydrogcn,  wliich  is  evolved  wlili  the  hy- 
drogen, is  a  substance  analogous  to  oleliant  ^ras  ;  it  is  cha- 
racterized by  a  peculiar  retbereal  smell,  and  has  a  specific 
gravity  double  that  of  oleliunt  gas.  It  unites  with  chlorine 
even  in  the  dark, forming  a  heavy  oily  liquid,  haviii<^  a  uiarked 
umilarity  to  chlorelayl,  and  is  eeoerally  compoaed  of  a  mix- 
ture of  aevcral  {vroducta  of  atibatitution.  Ita  lational  com* 
poaition  ia  ezpreaaed  by  the  formula  Hg.  The  diangea 
which  valeriauiG  add  oadergoes,  in  aoeoraance  with  the  fine- 
pQuig  expcrinu  ats,  are  capdbk  o£  a  very  aimple  explanation^ 
if  we  consider  that  acid  aa  a  conjugated  combination  of  the 
carboretted  hjdrogen,  or  the  radical  with  oxalic  ackl, 
in  a  similar  manner  to  the  new  view  taken  of  the  constitution 
of  acetic  acid.  For  whilst  by  the  addition  of  one  atom  of 
oxygen  oxalic  acid  becomes  converted  hito  carbonic  acid,  this 
radical  is  set  free;  but  a  portion  of  it  unites  with  the  exre«s 
uf  ow^en  to  form  an  oxide,  aiul  this  enters  inUt  combin;ili<  11 
witii  a  ^ioi  iion  of  undecompoaed  valerianic  acid,  giving  rise 
to  a  new  aithci*,  Cg  tL  O  +     ll«  Cj  O^. 

Another  portion  of  the  ndicu  la  piobably  deeompoaed  at 
the  moment  of  ita  fiNnMilioii»  in  eonaeqiienee  of  the  cooeih' 
mitant  evolution  of  heat  into  hydrogen  and  the  gaaeona  caibo- 
hjdrogen  G»  Thia  latter  view  ia  auppoitcd  bj  the  htt, 
that  if  the  tcmpesature  of  the  solution  «f  valerianate  of  potash 
axeeeda  a  certain  point  during  the  deoompoaitiony  not  a  ain^ 
drojp  more  of  the  Klherial  ml  is  {Mfoduccd. 

The  IbUowing  lanonb  will  tlurow  light  cn  thia  de6on|M>» 
aition : — 

KO^C^  H9    Ofi  ^  r KO+ 2CO« 

of 

Both  bntvric  and  aeetic  aeids  rjre  acted  on  in  a  biaiilar 
manner  to  valerianic  acid  j  the  products  of  decompoaition  of  _ 
acetic  add  are  aU  gaseous,  and  ^pear  to  contaiii  oxide  of 
mathjkw  Bnl^rric  acid  given  in  anmftion  to  the gaaeonaeaM^ 
ponnAa  a  volatile  ott  compoaed  of  Cg  H^. 

The  minute  deaeription  of  thia  ptndnet  will  tan  the  aiib- 
jeet  of  a  Ittlaiie  memoir. 

The  fi>regoing  investigation  has  been  carried  out  during 
the  late  session  in  the  bboratoiy  of  Dr.  Lyon  Playfiury  aa 
'whoae  aaaiatant  1  have  baanengagoAdiinagtfant  time;  mil 
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cannot  allow  this  opportunity  to  para  by  witfaout  thanking  Yam 
for  the  kindneas  ana  liberality  which  he  has  shown  in  pkdng 
hia  laboratory  at  my  disposal^  in  leaving  60  much  of  my  time 
on  my  own  handa,  and  m  rendering  me  erery  aaatatance  in 
hia  power. 


LVIL  An  Aeanmt  of  ExpermeiUa  with  Gabfome  Cbmlev 
immersed  in  pure  water  and  tit  oxffffenated  water,  Bff  M  r« 
Richard  Adib*. 

TN  the  years  1845  and  1816,  I  published  in  the  Edinh  ir^h 
Philosophical  Journal  two  series  of  experiments,  made 
with  a  view  to  prove  that  the  action  of  the  water  battery  was 
maintained  by  abaorbfaig  oxygen  from  the  atmoephere.  Some 
of  theae  experimenta)*  mow  that  it  is  the  oxygen  only  thai  is 
drawn  from  the  atmosphere^  and  that  the  presence  of  the 
other  component  parta  is  unneoessaiy.  But  there  was  one 
given  to  show  that  zinc  and  copper  elements  placed  in  a  hei^ 
metically  sealed  tube  along  with  pure  water  did  not  act,  there 
being  no  flocciilent  deposit  of  oxide  of  zinc,  which  is  formed 
in  abundanre  when  a  minute  aperture  admits  the  atmosphere 
to  the  contents  of  the  tube.  After  a  lapse  of  two  year^j,  I  ex- 
amined an  ai'rangement  of  this  kind  which  had  beru  her- 
metically sealed  since  December  1841 :  there  was  no  apparent 
change,  the  water  was  transparent,  and  the  metals  bright. 
I  had  scarcely  put  the  tube  down  when  it  burst  with  violence  ; 
this  fact  immediately  satisfied  me  that  the  water  batt^  must 
have  a  true  decomposition  of  water  action  when  it  acts  on 
zinc  associated  with  copper  or  any  other  metal  less  oxidliable 
than  the  copper,  independent  oi  the  much  more  extenaive 
effect  due  to  atmospheric  oxygen.  It  is  from  a  desire  to  trace 
by  oxporiment  the  double  action  of  this  battery  that  I  respect- 
fully submit  for  the  consideration  of  the  Society  the  following 
results : — 

In  fig.  1,  aa  a  rcprr<?r'nts  six  pieces  of  zinr  ^^oldrrrd  at  r  c 
to  a  corresponding  runnber  of  pieces  of  co|)p(  r  h  arranged 
alternately  as  in  the  figure,  and  insulateci  Irom  one  another 
by  strands  of  thread,  dddd.  These  were  placed  uiside  a 
flint-glass  test-tube,  whicli  was  after  theii*  insertion  drawn  otf 
at  llie  blowpipe  to  a  capillary  point.  The  tube  wjis  now  tilled 
with  pure  water^  and  to  ctislodge  the  air  from  among  the 
fibres  <tf  the  thready  the  water  was  repeatedly  boiled^  c&sbg 
and  re-opening  the  capillar}  point  at  each  boiling.  When 
the  air  was  well-removed,  the  tube  was  hemeticduy  sealed^ 

*  Conmuimcated  by  the  Chemical  Society;  having  been  read  April  1% 
f  £dU)1raigh  Nsw  Fhil.  Jmunsl,  vd,  zizfiu.    9^  sod  tsI,  al* 
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the  water  «l  the  time  of  dosing  being  Fig;  1. 

near  the  boiling  tempemture.  On 
oooHng,  the  space  left  vacant  by  the 
contraction  of  the  fluid  was  estimated 

to  be  th  of  a  cubic  inch ;  the  super- 
ficies of  each  plate  Jth  of  a  superHcial 
inch.  From  previous  trials,  I  knew  that 
when  the  above  arrangement  liad  a 
communication  with  the  atniospherc;,  a 
flocculent  deposit  of  the  protoxide  of 
zinc  was  soon  perceived,  which  steadily 
increased.  With  the  same  hermeticallv 
aealed  thm  waa  no  such  dmait ;  nei- 
ther was  there  any  perceptible  change, 
until  the  bunting  of  the  vessel  amr 
two  years  revealdl  another  action  of 
the  battery.  Judging  from  the  thick- 
ness of  the  broken  glass,  I  endea* 
TOured  at  the  time  to  make  an  ap- 
proximate estimate  of  the  volume  of 
the  gas  generated,  in  the  vacant 

space  of  y\jth  of  a  cubic  inch,  where  it 
could  lociG-e.  produced  pressure  suffi- 
cient to  burst  the  vessel :  the  result  of 
my  estimate  gave  less  than  a  cubic  inch 
of  gas  measured  at  the  usual  atmo- 
spheric pressure ;  for  the  development 
or  which  six  ane  aur&oes  of  |th  of  a 
superficial  inch  each  had  been  two 
years  in  action.  In  a  reoetition  of  this 
experiment^  with  ssinc  nlings  in  Heu  of  plates,  a  small  quan- 
tity of  gaa  was  collected,  and  proved  to  be  hydrogen. 

Afterwards  examining  the  inner  surfaces  of  the  fragments 
of  the  glass,  the  surfticc  of  the  plates,  and  the  fibres  of  the 
thrrfid  with  a  powerful  lens,  I  found  all  of  them  covered  with 
minute  transparent  crystals  :  the  Innj-est  crop  of  t!ir*;e  was  on 
a  f '  'pper  surface  oj)posite  a  spot  on  one  of  the  zinc  plates,  to 
which  nearly  the  whole  of  the  corrosion  of  the  metal  appeared 
to  have  been  confined.  The  red  crround  of  the  copper  sur- 
face showed  them  most  distinctly.  On  heating  the  copper 
the  crystals  parted  with  water  of  crystuUimtion,  and  became 
circular  white  spots,  very  much  resembling  the  protoxide  of 
dnc 

Mjr  friend  Mr.  Waldie  examined  the  thread;  his  jprocess 
was,  incinerating,  dissolving  the  ash  in  hydrochlone  add, 
adding  excess  of  potash,  filtering  to  separate  a  trace  of  onde 
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of  iron^  and  treating  the  filtered  liquid  with  hydrosulphuret 
of  ammonia,  which  gave  n  ycllowi.sh  white  precipitate.  This 
result  proves  that  the  Trtinntr  transparent  cryntalt  MIUIQg  tlui 
fibres  of  tlie  til  read  contained  protoxide  of  zinc* 

On  a  former  occasion  I  employed  either  tho  air-puni[)  or 
ebullition  to  deprive  water  used  in  cxcitinj?  voltnic  couples,  of 
absorbed  uir«  1  gave  preference  to  the  luethod  of  boihng  the 
water  in  the  battery  cell,  aa  the  more  severe  test,  for  showing 
how  ftr  a  baltcry^s  action  depended  on  oxygen  from  the  etmo- 
aphere.  The  proof  which  appeared  to  me  to  liinilab  eatieho« 
tory  evidence  of  the  assistance  gtten  hj  aibeorbed  atygen,  wii 
when  the  indication  in  the  galvanometer  M  near  to  zero  by 
prolonged  boiling,  and  rose  again  when  water  holding  dis* 
solved  air  was  thrown  into  the  cell.  According  to  this  testi 
a  zinc  and  platinum  couj)]e  lose  much  of  their  action  when 
excited  by  pure  water  boiled  for  near  two  hours.  The  galva- 
nometer needled  always  indicated  a  slight  action,  however  long 
the  boiling  was  prolonged  j  but  as  1  fouad  whua  rare  was 
taken  to  have  an  atmosphere  of  Bteaui  resting  on  the  surface 

of  the  boliing  water  the  aetiim  of  the  eoople  WW  at  ita  loweity 
I  waa  led  to  think  that  what  lemained  nnght  be  due  to  ozf  « 
gen  ftom  the  atmoephere^  wbicfa  it  wee  impoaaible  to 
perfectly*  Tlie  experiment  giiren  above  leaden  this  view  no 
longer  tenable ;  for  if  sine  and  copper  elements  can  at  ordinary 
temperatures  slowly  generate  gas,  it  must  follow  that  all  the 
rlcr^cnts  less  oxidizable  than  copper  will  at  boiling  tempera- 
tures possess,  when  associated  with  zinc,  a  voltaio  action 
mdependent  of  oxygt  n  from  the  atmospht  re. 

To  try  the  effect  of  a  zinc  and  copper  couple  excited 
pure  boding  water,  I  attiiclied  a  of  plates  to  a  more  sensi- 
tive galvanometer  than  1  had  hitherto  u&ed :  the  plates  were 
placed  in  a  Floience  flaek  and  covered  to  a  depth  of  two 
mchea  with  pure  water  previovalj  dietilled  in  |pai  veeiiLi| 
there  waa  omy  n  email  crifiOB  in  the  eofk  nt  the  top  of  the 
ilaek  lor  a  ateam  eeeaM,  in  order  to  pieeeite  tho  boiling  ear» 
ftce  from  the  atmosphere. 

Previous  to  boiling,  the  galvanometer  needle  stood  at  50^ 

lndicat.ion  the  moment  boilini^  waa  abont  to  begin  .  7^ 
...       after  long  boiljni:  20° 

A  similar  exj)enment  with  iron  and  copper  elements  i— 

Indication  previous  to  boiling  20^ 

...       at  boiling  46^ 

after  long  boiling  7** 

In  this  experiment  the  indicataon  me  on  cooling  to  30% 
and  aftcrwarda  back* 

When  whfx  or  phimnm  waa  enbrtttoted  far  the  copper  tho 
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results  were  in  the  same  order,  giving  the  highest  action  at 
the  time  the  water  is  parting  with  dissolved  air,  and  lowest 
when  the  water  is  thoroughly  boiled.  Where  zinc  is  the 
positive  element  the  action  falls  considerably,  as  the  boiled 
water  cools  before  it  has  time  to  re-aljsorb  air.  With  a  little 
common  salt  added  to  the  water  of  a  zinc  and  platinum  couple, 
ebullition  serves  greatly  to  exalt  the  action,  for  the  arrange- 
ment is  no  louder  dependent  on  oxygen  from  the  atmosphere. 

Theae  espenments,  in  extension  of  those  I  formerly  sub- 
nitked  to  toe  public  through  the  Edinburgh  Philosophical 
Journal,  cb  not  militate  a^iinst  the  general  oonduaion  then 
dnwn,  that  the  water  batteiy  supported  its  action  by  absorb* 
in^  oxygen  from  the  atmosphere ;  they  only  show  that  there 
is  in  addition  a  minute  degree  of  action  when  two  metallic 
elements  are  exrited  by  pure  water. 

Perhaps  the  experiments  of  the  most  importance  for  deter- 
mining the  theory  of  the  action  of  gas  aosorbing  galvanic 
couples,  are  those  where  one  metal  only  is  excited  by  oxy- 
genated water  5  to  illustrate  this  action  I  made  the  following 
experiments  ^— 

Two  sUpa  of  sino  ent  side  by  aide  fiom  the  same  sheet  were 
plaoed  in  a  running  brook^  the  one  opposed  to  a  rapid  part  of 
the  current,  the  other  in  a  still  place  at  the  edge.  Connecting 
these  in  the  usual  nuinner  witn  t!ie  galvanometer,  there  was 
a  permanent  deflection  of  25°;  and  on  changing  the  respective 
places  nf  the  plates  in  the  stream  without  disturlnui:  their 
attachments  to  tde  fralvano meter,  the  needles  immediately 
passed  to  the  ojjpositc  side  of  the  card;  in  both  cases  the 
piece  of  zinc  in  the  current  acted  as  a  negative  or  platinode 
ph^  With  both  plates  m  still  water  and  a  tube  filled  with 
oxygen  inverted  over  one^  the  efiect  was  the  same«  It  is  die 
greater  supply  of  oxygen  to  the  plate  in  the  current  which  con* 
▼erts  it  into  a  negative  or  platinode.  A  cell  containing  t  wo 
small  silver  wirea  and  the  cyanide  of  silver  solution  used  for 
electro-plating  was  attached  in  place  of  the  galvanometer, 
when,  atler  a  !ny>so  of  two  hours,  metallic  silver  w  as  seen  pre- 
cipitated in  a  nunute  quantity  on  the  silver  wire  connected 
with  the  piece  of  zinc  in  still  water. 

Two  plates  of  iron  were  placed  in  the  strram,  under  like 
conditions  to  the  zinc ;  atler  two  hours  metallic  silver  was 
distinctly  seen  precipitated  on  the  silver  wtfc  connected  with 
the  iron  plate  in  still  water. 

The  wA  here  shown,  of  two  similar  pieces  of  iron  giving 
rise  to  a  galvanic  current  capable  of  precipitating  metallic 
silver,  appears  to  me  to  be  important,  for  it  proves  that  the 
electricity  in  passing  through  the  water  intervening  between 
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these  two  plates,  either  decomposes  it  with  the  aid  of  oxygeiT 
in  solution,  or  that  oxygenated  water  fonna  a  binary  com- 
pound, capable  of  acting  as  an  electrolyte. 

The  fact  of  iron  and  oxygen  uniting  together  at  ordinary 
temperatnros  when  moisture  is  present,  is  well  known.  Tt  is 
the  office  performed  by  the  water  during  this  union,  wherein 
lies  the  true  ground  of  the  theory  of  irns-absorbing  batteries. 
A  single  plate  of  iron  exposed  to  water  and  oxygen  gas,  has 
local  differences  on  its  surface  which  act  in  the  same  way  as 
if  the  iron  had  been  in  two  halves  and  placed  in  a  stream  in 
the  manner  described :  the  oxidation  of  the  iron  is  developing 
a  voltaic  current  which  passes  tlu-ough  the  fluid  from  one 
point  of  the  plate  to  another,  either  by  a  process  of  decompo- 
sition and  re^composition  of  water,  or  by  the  decompoeitioii 
of  the  compound  formed  by  the  solution  of  the  gas  in  water. 

The  first  of  these  views  can  only  be  supported  by  holding 
that  the  solution  of  oxygen  so  changes  the  affinities,  that  iron 
with  its  aid  can  at  ordinary  temperatures  decompose  water. 
I  see  no  evidence  suUicient  to  give  pruljabiiity  to  this  hypo- 
thesis, while,  if  the  second  supposition  be  aamitted  to  meet 
all  the  facts  shown  by  experiment,  it  will  establish  the  exist- 
enoe  of  an  electrolyte  more  easily  decomposed  than  watar^ 
and  as  universal  in  nature ;  and  account  for  the  very  reduced 
action  of  sine  and  copper  elements  excited  by  pure  water 
freed  from  absorbed  air  or  from  oxygen  gas,  the  active  prin* 
ciple  derived  from  the  air. 

I  may  here  take  occasion  to  add,  thnt  a  saturated  solution 
of  carbonate  of  potash  and  soda  in  an  open  cylindrical  vessel 
has  so  shut  out  the  oxygen  of  the  atmosphere  from  some 
pieces  of  iron  immersed  in  it,  that  now,  after  two  years  and 
four  months  immennon,  there  is  no  rust  on  the  aur&ce  of  the 
iron. 

The  experiments  with  two  similar  pieces  of  zinc  or  of  iron 
placed  in  a  running  stream,  as  already  described,  were  per* 
rormed  during  the  cold  weather  of  winter,  with  the  tempera-' 

ture  varying  from  32°  F.  to  42°.  On  the  return  of  a  little 
^v;l^ncr  weather  I  recommenced  the  exporimpnts  with  iron 
plates,  from  a  wish  to  try  if  two  similar  pieces  ot  iron  could 
De  made  to  develope  a  voltaic  current  of  the  same  electro- 
motive force  as  that  derived  Irom  u  platinum  aud  iron  couple 
excited  by  still  water. 

A  piece  of  iron  wire  was  cut  into  two  equal  lengths ;  each 
of  those  was  bent  into  the  form  of  a  flat  spiral  (fi^.  2),  and  a 
copper  wire  well-varnished  was  soldered  to  the  iron  at  A, 
for  connecting  the  plate  with  a  small  decomposing  appeiatua 
in  the  usual  manner. 
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A  pair  of  iron  plates  thus  tbrmed  was  ^« 
taken  to  liie  baiikb  of  a  small  stream  in  A 
Chediire,  called  the  Qnmge  brook;  one 
plate  mm  plaeed  in  a  cmrait  of  mode- 
rate veloeitj,  where  the  water  jponted 
ditoughthe  uiterstioesof  theooiu;  the 
other  plafee  was  dropped  into  stiU  water 
in  a  convenient  place  at  the  edge.  In 
both  plates  the  solderinga  at  A  pro- 
jected above  the  surface  and  were  kept 
dry. 

When  copper  wire  poles  were  ])laced 
in  a  decomposinG"  cell  tilkd  wilh  bulphate 
of  copper  solution,  and  connected  with 
the  galvanic  couple  formed  of  two  piecee 
of  inm  (hg.  2),  dislinot  evidence  of  the  precipitatloa  of  ' 
tallic  copper  on  the  wire  oonneeted  wiw  the  plate  in  still 
water^  was  observed  after  an  hoar's  action^  temperature  45°, 
One  of  the  iron  plates  was  now  reoMnred  to  a  cell  Med  with 
water^and  associated  with  a  platinqm  plate^thc  arrangements 
for  precipitating  metallic  copper  remaining  as  before.  With 
the  temperature  nt  12*^,  thr  depositing  of  the  metal  did  not 
proceed  so  actively  as  it  had  done  with  an  iron  plate  in  a  cur*' 
rent  of  water  for  a  platinode. 

\A  hen  the  decomposing  cell  was  filled  with  a  solution  of  sul- 
phate of  zinc,  and  zinc  wire  poles  supplied,  after  three  hours' 
action^  temperature  46^,  the  wire  in  connexion  with  the  iron 
pfaite  hi  Btin  water  showed,  with  the  aid  of  a  lens^  a  distbct 
deposit  of  metaUio  nne.  Repeating  this  experiment  with  an 
iron  and  platinum  couple  in  still  water,  the  metallic  deposit  of 
zinc  was  again  obtained,  temperature  46^,  the  rate  of  action  in 
both  experiments  being,  as  near  as  I  could  jud^  the  same. 

The  inference  from  these  results  is,  that  a  piece  of  bright 
iron  plfieed  in  a  current  of  water  performs  the  office  of  a  piece 
of  platinum,  as  wdl  as  the  latter  metal  does  when  excited  by 
still  water. 

The  quantities  of  metal  precipitated  during  two  or  three 
hours'  action  of  these  oxygen  absorbing  batteries  is  in  uo 
case  aullicieat  to  give  results  by  weight.  I  have  tried  expeii-' 
ments  of  one  week  eadi,  but  the  changes  in  the  lerd  of  tiie 
stream  and  other  somrees  of  derangement,  made  me  pieftr 
triids  of  two  or  three  hoars  eaeii,  where  there  is  no  difficulty 
in  detecting  any  decided  change  in  the  rate  of  action. 

The  Qtange  nook  is  supplud  with  water  slmost  wholly  by 
the  drainage  of  a  rather  poor  day  soil,  reposing  on  the  WW 
red  sandstone  formation  of  the  districti 
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llie  plate  in  the  centre  of  the  stream  shows  less  rusting 
than  the  one  at  the  edge  in  still  water ;  but  judging  from  the 
analogous  case  of  the  copper  sheathing  of  a  ship,  it  should 
waste  awaj  tlie  fastest,  tlie  particles  of  peroxide  of  iron  m 
they  are  formed  being  removed  by  the  force  of  the  strc 
while  the  voltaic  current  developed  during  this  aciiuii  only 
cii'cuiates  to  some  other  point  of  the  same  plate^  or  belongs 
to  what  is  called  local  action. 

From  the  above  veaults,  thebenefit  tobeobtaiiiediiiaeoiip 
atant  battery  by  makiiig  the  negative  plate  rotate,  ahoold  be 
apparent;  but  to  prevent  waate  it  would  stiU  be  necessary  to 
employ  one  of  the  more  ooatly  metai%  whioh  ave  not  liable  to 
oxidation. 

In  concluding  these  experiments,  I  may  again  notice,  that 
a  tube  of  oxygen  suspended  over  a  plate  of  iron  in  still  water 
has  the  same  etfect  as  the  current  of  the  stream,  cuii verting 
the  oxygenated  plate  into  a  platiiiode.  The  carbonic  acid 
present  in  all  surface  water  may  by  some  be  thought  to  per- 
mnn  an  eaaential  part  in  the  ordinaiy  ruating  of  hNML  But 
where  eveiy  care  la  taken  to  exclude  this  gaa  fioa  a  tube 
filled  with  oxygen,  a  small  qnanttty  of  water^  and  a  piece  of 
Iroi^  the  oxidation  of  the  iron  prooeedawitb  n^jidity,  accom- 
panied by  changes  which  appear  to  me  to  preclude  the  idea 
that  even  a  trace  of  carbonic  acid  can  be  essentinL  The  oxy- 
gen p-ns  disappears;  at  first  an  abundant  formation  of  red  or 
peroxide  of  iron  is  seen  ;  then,  aftt.  i  tlie  supply  of  oxygen  has 
decreased,  the  greeii-c  nloured  protoxide  is  gradually  iormed. 
These  two  oxides  aitcrw  ards  begin  slowly  to  unite,  and  form 
the  well-known  black  or  magnetic  oxide.  In  an  ezpansMiit  of 
th»  kind  every  trace  of  the  red  and  green-ooloiirea  ooddaa  had 
^sappeared  at  the  end  of  three  montha  ftom  the  time  of 
closing  the  tube^  and  there  remained  only  an  inky  piccipifeafc^ 
whksh  waa  proved  to  be  the  bbMsk  oxide  of  iron. 


LVIII.  On  certain  ImprotfemenH  in  the  Comtmction  and  Si^ 
pfy  of  the  Uydro-Ox^en  Blaamipe,  bgf  wkkh  Platinum 
mmf  oeftaed  in  ike  large  way.  By  Robsrt  Habm,  MJ).'^ 

ON  my  return  from  £urope  in  1886»  I  waa  very  much  in 
want  of  a  piece  of  platinum  of  a  certain  weight,  while 
many  more  scraps  than  were  adequate  to  form  such  a  piece 
were  in  my  possession.  This  induced  new  eflbria  to  extend 
the  power  of  my  blowpipe;  and  after  many  experim^ts,  I 
succeeded  80  as  to  fuse  twen^'^ht  ounces  of  pladnnm  into 
one  mass. 

*  CosMMMicsfd  by  tiw  Author, 
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Although  small  lamps  of  platinum  had  been  fused  by  many 
operators  with  the  hydro-oxygen  blowpipe  as  well  as  myselfi 
it  had  not,  up  to  the  year  1887»  been  found  sufficiently  com* 

petent  to  enable  artists  to  resort  to  this  process.  I  am  in- 
formed by  Mr.  Saxton,  that  some  efforts  which  were  made 
while  he  was  in  London  were  so  little  successful,  that  the  pro- 
ject was  abandoned.  There  was  an  impression  that  the  metal 
was  rendered  less  malleable  when  fused  upon  charcoal,  as  in 
the  experiments  alluded  to.  This  is  cunu  adicied  ray  ex« 
periments,  agreeably  to  which  fused  platinum  is  as  malleable 
as  the  best  specimens  obtained  by  the  Wollaston  process^ 
and  is  less  liable  to  flake.  Dr.  Ure»  on  seeing  specimens  of 
platinum  which  I  had  elaborated  and  fused  in  tne  n>rm  of  wire, 
of  leaf)  ingots  and  plate»  said  that  there  was  no  one  in  Europe 
who  could  fuse  platinum  in  such  masses.  He  also  informed 
me  that  it  had  been  found  so  difficult  to  weld  plntinum,  tliat 
no  resort  was  had  to  that  process.  In  this  I  concin,  having 
had  the  welding  tried  by  a  skilful  smith,  both  wiili  a  forge 
heat,  and  with  a  heat  given  by  the  hydro-ux)  >rcM  blowpipe. 
An  incorporation  of  two  ingots  was  effected  on  their  being 
hammerca  together,  when  neated  nearly  to  fusion ;  but  on 
haromerinf^  the  resulting  mass  cold,  a  separation  took  place 
along  the  joint  by  which  the  ingots  were  united. 

The  difficulty  seems  to  arise  from  the  rapidity  with  which 
the  platinum  becomes  refrigerated.  It  seems  to  have  a  less 
capacity  for  heat  than  iron ;  and,  not  burning  in  the  air  as 
iron  does,  has  not  tlic  benefit  of  the  heat  acquired  by  iron 
from  its  own  combusiioji  with  atmospheric  oxygen. 

Lately,  by  means  oi  the  instrument  and  process  wiiich  It  is 
my  object  here  to  describe,  1  have  been  enabled  to  obtain 
malleable  platinum  directly  from  the  ore,  by  the  coniinued 
application  of  the  flame.  From  some  specimens  of  platinum 
I  have  procured  as  much  as  ninety  per  cent,  of  malleable 
metal.  The  malleability  is  not  inferior  to  that  of  the  best 
specimens  obtained  by  reducing  it  to  the  state  of  sponge^ 
through  the  agency  of  acjua  regie  and  sal-ammoniac.  There 
is  however  a  greater  liability  to  tarnish,  arising  probably  from 
tlie  presence  of  a  minute  portion  of  pnllEuliiim, 

Of  the  fusion  ot  iridium  and  rhodium,  I  have  .ilready  given 
an  account  in  the  Bulletin  of  the  American  Philosophical 
Society,  whicli  was  subsequently  embodied  in  an  article  in 
this  Journal  lor  August  1847. 

It  remains  now  to  give  an  account  of  the  apparatus  employed 
in  the  fiision  of  platina  on  a  scale. 

Fig.  1  represents  the  associatioD  of  fifUen  jet-pipes  of  plati* 
num  with  one  large  pipe  B  D  at  their  upper  ends,  so  that 
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their  b-  i  c-^  communicate,  by  means  of  an  apj^ropriate  brass 
cabling,  witli  that  ot  tlie  larj^e  pijK-,  ihe  joints  secured  bv  hanl 
solder.  1  heir  lower  exucuulics  are  tuaiie  lo  proU  ucie  abuul 
half  an  inch  from  a  box  A,  of  cast  brass>  theirjunctures,  with 
the  appropriate  perfonttbiis  sewally  made  ror  them,  boiig 
securea  by  alter  solder.  They  come  o«t  obliquely  in  a  Ime 
along  one  comer  of  the  box»  ao  interval  of  nbout  a  quarter  of 
an  inch  alternating  with  each  ori6ce.  By  means  of  flange^ 
the  brass  box  is  secured  to  a  conical  fmstum  of  copper  (fig,  9)» 


so  ns  to  form  the  bottom  thereof,  while  the  pipe,  extending 
above  tiie  copper  case,  is  screwed  to  a  hollow  cylinder  of  brass 
A,  fig.  8,  provided  with  two  no/zles  nnd  gal  lows-screws 
for  the  attachment  of  apprupi  iatL  IjoIIow  knobs,  to  winch  pipes 
are  soldered,  proceeding  from  the  reservoirs  of  oxy^^f  ti  and 
hydrogen.  Cocks  arc  interposed  by  which  to  regulate  liie 
emission  of  the  gases  in  due  proportion. 
In  connecting  the  pipes  conveying  the  gases  with  the  brass 
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cylinder  A,  fig.  3,  care  should  be  taken  to  attach  that  con- 
veying oxygen  to  the  upper  nozzle,  while  the  other,  conveying 
hydrogen,  should  be  attached  to  the  lower  nozzle ;  since  by 
these  means  their  grent  difference  in  density  tends  to  promote 
admixture,  which  evitieriily  it  must  be  advantageous  to  effect. 

The  object  of  surrounding  the  jet-pipes  with  water  by  means 
of  the  copper  box*,  is  to  secure  them  against  being  heated  to 
such  a  degree  as  to  cause  the  flame  to  retrocede  and  bnro 
within  them,  so  as  finally  to  explode  within  the  cylinder  A» 
ggf  fiff.  3.  it  is  preferable  to  acid  ioe  or  snow  to  the  water, 
in  order  to  prevent  undue  heat. 

Fig.  4  represents  a  moveable  platform  A,  of  cast  iron,  wholly 
supported  upon  the  point  of  the  iron  lever  D  B,  which  is 
curved  towards  the  extremity  under  the  platform,  so  as  to 
point  upwards,  and  to  enter  a  small  central  conical  cavity 
made  tor  its  reception .  The  lever  is  supported  by  a  universal 
joint  upon  the  fulcrum  C,  so  that  by  means  of  a  sliding  weight 
at  one  end,  the  platform  and  its  appurtenances  are  counter- 
poised at  the  other.  The  platlbrm  is  kept  in  a  horizontal 
position  by  the  cannon-ball,  supported  in  a  sort  of  iron  stimip 
terminating  in  a  ring,  in  which  the  ball  is  placed.    Upon  the 

Clatform  is  situated  an  iron  pan  with  a  handle  holdmg  the 
rick,  on  a  cavity  in  which,  as  already  mentioned,  the  metal 
is  supported.  The  apparatus  being  duly  prepared  and  con- 
nected with  the  supply-pipes,  the  hydrogen  is  first  allowed  to 
escape  and  then  tlie  oxygen,  until  the  ignition  has  attained 
apparently  a  maximum.  The  nccomplisnment  of  this  object 
may  ot  course  require  the  ailjustnient  of  either  cock  several 
times,  especially  where  there  is  any  decline  in  the  pressure 
either  of  the  one  or  the  other  gas  in  its  appropriate  reservoir* 
By  means  of  the  handles  of  the  lever  and  of  the  pan,  the 
operator  is  enabled  to  bring  the  metal  into  the  position  most 
fiivourable  for  the  influence  of  the  heat,  while  his  hands  and 
face  are  sufficiently  remote  to  render  the  process  supportable. 
In  fusing  any  quantity,  not  being  more  than  four  ounces,  the 
platform  may  be  dispensed  with,  tfje  handle  of  the  pan  being 
held  in  one  hand  of  the  operator,  while  by  the  other  the  cocks 
may  be  adjusted. 

When  the  blowpipe  of  fifteen  jets,  or  any  larger,  may  be 

•  Since  the  engraving  was  made,  I  have  preferred  to  use  water-tight 
boxes,  witli  gallows-screws  and  nozzles,  sittistted  one  near  the  bottom  oa 
one  side,  the  other  on  the  0|>po!iite  hide  neur  tiie  top.  By  means  of  the 
lower  nozzle,  a  pipe  is  attached,  communicating  with  a  heml  of  cold  water, 
the  other  hcitv:  so  situated  as  to  carry  ^he  water  into  a  waste  pipe  or  large 
tub:  a  circuiatiou  may  be  kept  up  during  the  whole  time  that  the  operas 
tion  is  going  un, 

A<  a  top|iort,  a  brick  kaolin  is  used,  hariog  an  oblong  ellipsoidal  deprei- 
•ioci  on  the  upper  £u:e  for  the  reception  pf  the  metal  to  be  fuied. 
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employed,  and  the  platform  is  necessarily  resorted  to,  the 
cocks  must  be  adjusted  by  an  assistant 

Fig.  5  repre- 
sents a  cask  made 
of  boiler  iron, 
three- sixteenths  of 
an  inch  thick,  so 
as  to  resist  an 
enormous  pres- 
sure. The  joints 
are  secured  by 
riveting,  as  in 
constructing  high 
pressure  boilers. 

This  cask  com- 
municates with 
the  hydrant  pipes, 
so  called,  by  which 
our  city  is  sup- 
plied with  water, 
of  which  the  pres- 
sure varies  from  a 
half  to  more  than 
two  atmospheres, 
say  from  seven  to 
thirty  pounds  per 
square  inch,  ac- 
cording to  the 
number  and  bore 
of  the  cocks  from 
which  the  water 
may  be  flowing 
at  the  time  for 
the  consumption 
of  the  community. 
Hence  experi- 
ments, while  using 
this  head,  arc  best 
made  towards  bed-time,  or  between  that  time  and  sunrise. 
The  vessel  is  filled  with  water  by  opening  a  cock  F  on  one  side 
of  the  pipe  C,  and  allowing  the  air  to  escape  through  the  valve- 
cock  B.  Being  thus  supplied,  the  cock  F  closed,  and  a  commu- 
nication with  a  bell-glass,  into  which  oxygen  is  proceeding  from 
a  generating  apparatus,  being  made  by  means  of  a  flexible 
leaden  tube,  on  opening  the  valve- cock  B  and  the  cock  £,  the 
water  will  run  out  and  be  replaced  by  gas  from  the  bell.  This 
process  being  continued  till  the  iron  cask  is  sufficiently  supplied 
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with  gas,  the  cock  E  must  be  shut.  Whenever  the  gas  is 
wanted  for  the  supply  of  the  blowpipe,  it  is  only  necessary  to 
establish  a  communication  between  the  valve-cock  B  and  the 
upper  gallows-screw  (fig.  3)  of  the  cylinder  A,  and  to  open  the 
cock  F,  so  as  to  admit  the  water  to  press  upon  the  gas,  the 
efflux  being  regulated  by  B,  or  preferable  by  a  cock  of  the 
ordinary  construction,  one  of  which  kind  should  be  interposed 
at  a  convenient  position  between  the  valve-cock  B  and  cylin- 
der A. 

T  represents  a  ^lass  tube,  which,  by  due  communication 
with  the  interior,  snows  the  height  oi  the  water,  and  conse- 
quently the  quantity  of  gas  in  the  vessel. 

G  H  represents  a  gauging  apparatus,  consisting  of  a  cast- 
iron  flask,  of  about  a  half  pint  in  content,  and  a  glass  tube  of 
about  a  quarter  of  an  inch  in  bore,  which  should  be  at  least 
five  feet  in  height.  The  tube  is  secured  air-tight  into  the  neck 
of  the  flask,  so  as  to  reach  nearly  to  the  bottom  within.  The 
flask  is  nearly  full  of  mer- 
cury. Under  these  circum- 
stances, when  a  communi- 
cation is  made  by  a  leaden 
pipe  between  the  cavity  of 
the  flask  and  that  of  the 
reservoir,  an  equilibrium 
of  pressure  resulting,  the 
extent  of  the  pressure  is 
indicated  by  the  rise  of  the 
mercury  in  the  tube. 

In  order  to  generate  hy- 
drogen for  the  supply  of^a 
reservoir  like  that  repre- 
sented by  the  preceding 
figure,  I  have  employed  the 
vessel  represented  by  fig.  7. 
This  vessel,  by  means  of  a 
suitable  aperture,  suscep- 
tible of  being  closed  by  a 
screw-plug,  is  half-filled 
with  diluted  sulphuric  acid. 
Being  furnished  with  a  tray 
of  sheet  copper  D,  punc- 
tured like  a  coal-sieve,  and 
supported  by  a  copper  sli- 
ding-rod  E,  strips  of  zinc 
are  introduced  in  quantity  equal  to  the  capacity  of  the  tray. 
The  sliding- rod  passes  through  a  stufTing-box  F,  at  the  top  of 
the  reservoir,  so  that  the  operator  may,  by  lowering  or  raising 
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the  tray,  regulate  or  suspend  the  reaction  between  the  zinc 
and  its  solvent,  accordingly  as  the  supply  of  hydrogen  is  to  be 
produced,  suspended,  increased,  or  diminished. 

The  communication  with  the  reservoir  is  open  and  regulated 
by  means  of  a  cock  P,  furnished  with  a  gallows-screw  G,  for 
the  attachment  of  a  leaden  pipe,  as  above  described,  in  the 
process  for  supplying  the  reservoir  with  oxygen. 

Another  apparatus  for  producing  a  supply  of  hydrogen  is 
represented  in  fig.  6.    It  consists  of  two  similar  vessels  of 
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boiler  iron,  each  capable  of  holding  forty  gallcms.  They  are 
lined  internally  with  copper,  being  situated  npon  a  wooden 
frame,  so  tlint  the  bottom  of  one  is  t*vo-thirds  as  high  as  the 
top  of  tiic  uilier.  i  ije  upp^r  portions  of  these  ves'^els  com- 
municaic  by  a  leaHen  pipe  B,  of  aboiil  half  an  inch  bore,  fur- 
nished witli  a  rock,  while  the  lower  poi  Lioiis  cunmiunicate  by 
another  leaden  pipe  of  a  bore  of  one  and  a  half  inch. 

The  upper  vessel  is  suriuouuLeti  by  a  globuiai  copper  vessel, 
of  about  twelve  inches  in  diameter,  which,  from  its  construe- 
tMHiy  renders  it  possible  to  introduce  lui  additionel  rappl^  of 
oonoentrated  actd«  while  Ibe  apparatns  is  in  opentioi^  mth- 
ouc  rednciii^  the  pressure  within  the  reeervoir*  by  permitting 
the  excess  above  the  pressure  of  the  Atmosphere  to  escape. 
This  object  is  accomplished  as  follows 

The  valve  at  the  end  of  the  rod  attached  to  the  lever  L ' 
being  kept  shot  by  the  catch  M,  the  screw^plug  U  removed^ 
the  acid  is  introduced  through  the  aperture  thus  opened.  In 
the  next  plnce.  the  plu*]^  being  replacea,  and  the  valve  depressed 
by  means  of  the  lever  and  rod,  so  as  no  longer  to  close  the 
opening  which  it  had  occupied,  the  acid  descends  from  the 
chamber  into  the  cavity  of  the  vessel  beneath  it.  The  valve 
is  of  course  restored  to  its  previous  position  as  soon  as  the  acid 
has  effected  its  descent. 

The  lowermost  vessel  is  furnished  with  a  perforated  cop})er 
tray,  supported  by  a  copper  sliding  rod,  in  a  way  quite  ana- 
logofis  to  that  already  described  m  the  case  of  the  co|mer 
reservoir*  It  is  also  supplied  with  zinc  and  its  solvent  in  uke 
manner,  being  made  hal^ftiU  of  the  diluted  sulphuric  acid. 
Of  course*  on  contact  being  produced  between  the  zinc  and 
its  solvent  the  generation  or  hydrosen  will  take  phMSe.  So 
long  as  the  communication  between  the  upper  portions  of  the 
two  v^sels  is  open,  the  gps  will  extend  itself  into  both,  occu- 
pying the  whole  of  the  upper  vessel,  and  that  half  of  the  lower 
one  which  is  iinoccnpied  by  the  liquid.  But  if  in  this  way 
the  pressure  readies  to  two  atmospheres,  as  indicated  by  the 
gauge*,  on  shutting  the  coinniuuication  through  the  pipe  B, 
the  pressnre  in  the  inferior  vessel  will  augment,  that  in  the 
suj)eriur  vessel  reiiiainin^r  as  before;  but  the  iKiuid  will  con- 
sequently begin  to  pa>,s  out  oi  ilie  inferior  vessel  through  the 
pipe  A,  and  ihu^  may  le.ssen  the  contact  between  the  acid  atid 
line,  and  finally  suspend  it  altogether.  Meanwhile  the  gas  in 
the  upper  vessel  being  condensed  lo  nearly  half  its  previous 
bulk*  the  pressture  ww  be  nearly  four  atmospheres^  It  will, 

*  I  have  used  fiv  a  gauge  an  inttnuneat  like  O,  %  5,  the  tube  beuig 
^bont  two  fest  ia  lcqg|Q»and  lesled  at  the  upper  eod. 
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m  fact,  always  be  nearly  ckonbie  that  wbieh  cualeil  bdbra  tiie 

pipe  B  was  closed. 

In  ordei  that  nearly  the  whole  of  the  acid  shall  be  fxpelletl 
from  the  inleiiur  vebsel,  iIhj  tray  muftt  b€  depressed  tUl  it 
touches  tlie  bottom  ol  that  vessel. 

The  pressure  being  four  atmospheres  at  conimencement,  as 
soon  as,  by  means  ot  &  pipe  attached  to  the  valve-cock  N,  an 
empe  of  gas  is  allowed,  the  acid  b  forced  again  upon  the 
ztncy  and  thus  prevents  a  dedine  of  prassnie  to  any  extent 
solBeieiit  to  interfere  wkh  the  process. 

The  gases  maj  be  used  from  a  receiver  in  which  tbeyezislf 
in  due  proportiony  safely  bv  the  following  means :  — 

Two  safety-tubes  are  to  be  made^  not  by  Hemmin^s  pro* 
cess  exactly,  but  as  follows : 

A  copper  tube,  silver  soldered,  of  which  the  metal  is  about 
the  cightli  of  an  inch  in  Lhickncss,  is  stuffed  with  the  finest 
copjHjr  wire,  great  care  being  taken  to  have  the  lilaments 
straight  and  parallel.  The  tube  is  then  to  be  subjected  to 
the  wire- drawing  apparatus,  so  as  to  compress  the  tube  on  its 
contents  until  the  draught  becomes  so  iiui  d,  as  that  it  cannot 
be  pushed  further  without  annealing.  The  stuffed  tube  thus 
maae  is  to  be  cat  into  segments,  hi  lengths  abont  eqnal  to  the 
diameter,  by  a  fine  saw.  The  snrfeoes  of  the  seetlons  are  to  be 
filed  gently  with  a  smooth  file.  By  these  means  they  appear 
to  the  naked  eye  like  the  snperfides  of  a  solid  metallic  cyhnder* 
Brass  caps  bein^  fitted  on  these  sections,  they  are  to  be  inter* 
^posed  by  soldermg,  at  the  distance  of  a  foot  or  more,  into  the 
pipe  for  supplying  the  jet.  Under  these  circumstnnces,  the 
posterior  section  becoming  hot,  mnv  allow  the  flninc  to  retro- 
cede ;  but  the  anterior  section  beir)*^  bLVQiu]  the  reach  ofany 
possible  combustion  and  leiiiauiing  culii,  will  not  allow  of  the 
retrocession  ;  and  as  soon  as  the  flame  passes  the  first  seciiun, 
the  operator,  being  warned,  will  ol  courbe  tlusc  the  cock,  and 
subject  the  posterior  section  to  refrigeration  before  proceeding 
again. 

But  this  plan  of  operating  may  be  rendered  stiU  more  se^ 
enre  by  interposing  a  mercury  bottle^  or  other  snitsfale  iron 
vessel,  hal^fnll  of  oil  of  tarpentine^  between  the  reservoir  and 
safety  tubes,  as  in  the  arrangement  of  a  Woulfe's  botde.  A 
leaden  pipe  proceeding  from  tlie  reservoir  is,  by  a  gallows- 
screw,  attached  to  an  iron  tube  which  descends  into  the  botde, 
«o  that  its  orifice  may  be  near  the  bottom.  The  leaden 
pipe  communicating  throiif^rh  the  s;dety  tubes  with  the  jet- 
pipe,  is  attached  to  the  tieek  ot  the  botUe.  1  luis  the  gaseous 
mixture  has  to  bubble  tin  oiirrh  the  oil  of  turpentine  in  order 
to  proceed  through  the  salety  tubes  to  the  jet-pipe.    If,  while 
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this  process  is  goiiig  on,  ilie  flame  should,  by  retrocession^ 
rcacli  the  cavity  of  the  bottle,  exploding  in  contftct  with  the 
turpentine  a  aHnponod  U  fonned,  whicfa  i%  per  we,  inespUtdye 
fiom  tb«  caicaBB  of  cwrbooaefloiif  matter.  Maanwbile  the 
•hoekt  aeting  on  the  snrfiioe  of  tho  oi1|  drives  it  into  the  bore 
of  tho  iron  tobe^  and  l^ne,  both  by  its  chemical  and  mecba^ 
nleal  infloence,  renders  it  utterly  impoiBtble  that  the  flame 
thoold  reach  the  cavi^  of  the  rcMrroir. 

Apparatus  J  ur  the  Fusion  of  Iridium  or  RJwdium  or  masses  of 
Platinum  less  than  five  ounces  in  weight. 

For  the  fusion  of  either  iridium  or  rboilium  or  masses  of 
platinum  not  exceeding  the  wci^lu  ot  liaii  an  ounce,  an  insiru- 
ment  with  three  jets  has  been  eaiployeii,  tlie  bore  of  eacii  jet- 
pipe  being  such  as  iioi  lo  admit  a  wire  larger  than  the  ^^^nd 
of  on  inch  in  diameter.  *th»  flame  produced  by  these  means 
wat  quite  tnfficient  to  envelope  the  mam  to  which  it  was  ap» 
plied.  - 

In  fasing  any  lumpe  or  coqgeriea  of  pUttinnmy  not  exceed* 
11^  five  ottOGMy  an  inttroment  has  been  ueedc^wblc  of  giving 
eeveo  jets  of  ga%  assning  of  course  from  as  many  pipes.  W 
these  pip^,  six  protnm  throng  the  brass  casting  forming 
the  bottom  of  the  copper  ^se  constituting  the  refrigerator,  so 
as  to  be  equidistant  from  each  other  upon  a  circumference  of 
three-fourths  of  an  inch  in  diameter,  the  seventh  protruding 
from  the  centre.  The  bore"^  of  the<:e  jets  nre  such  as  not  to 
admit  a  wire  larger  than  j^^ndol  an  inch  in  iliickness.  Tliose 
of  the  larger  instruments,  represented  by  the  accon\i)aiiying 
engravings,  were  such  as  to  admit  wires  of  7';(th  of  au  inch  in 
thickness. 

The  jet^pipes  may  be  made  by  Che  fidlowing  ni  ocess: — A 
thin  strip  of  sheet  metal,  somewhat  wider  than  tne  length  of 
the  chreomferenoe  required  in  the  proposed  pip%  afterlieing 
roughly  tamed  about  a  wire  so  as  to  form  an  imperfect  tnbe> 
is  drawn  through  several  suitable  holes  in  a  steel  plate,  as  in 
the  wiTMirawec^s  process.  Under  this  treatment  the  strip 
becoaaes  converted  into  a  hollow  wire ;  the  edges  of  the  strip 
being  brought  into  contact  reciprocally,  so  as  to  leave  only  an 
almost  imperceptible  crevice.  Having  drawn  one  strip  of 
plaiiiia  ill  liiis  way,  anoilier  strip  sufficiently  wide  nearly  to 
mclo-e  it  is  to  be  drawn  over  that  hr^i  drawn,  care  being  taken 
to  have  the  crevices  left  at  the  meetinn;  of  the  ed^es  on  con- 
trary sides.  The  compound  hollow  w  iiuoi  tubtj  thus  fabri- 
cated, is  finally  to  be  drawn  upon  a  steel  wire  of  the  diameter  « 
of  the  requisite  bofe. 

The  following  method  of  making  jet-pipes,  though  more 
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diffical^  is  prderablc^  as  there  is  less  liability  of  the  water  of 
ihe  refrigenUor  leakioff  into  the  bore* 

Select  a  rery  sonncT  and  malleable  cylinder  of  platins,  of 
about  three-eighths  of  an  inch  in  thieknes%  perforate  it  by 

drilling  in  a  lathe,  so  that  the  perforation  may  be  concentric 
with  the  axis.  A  drill  between  one-sixteenth  and  one-eighth 
of  an  inch  in  diameter  may  be  em[)ioyed.  In  the  next  place, 
the  cylinder  may  be  elongated  by  the  wire-drawing  process 
until  the  proper  reduction  oi  metallic  tliickness  is  effected,  the 
diameter  of  the  bore  being  pievented  from  undergoing  an 
undue  diminution  by  the  tlmdly  Introduction  of  a  steel  wire. 

Of  course  the  metal  must  be  annealed  as  often  as  it  bar* 
dens,  drawing.  For  thb  purpose  a  much  higher  tempe- 
rature IS  necessary  in  the  case  of  platinum,  than  in  thai  of 
either  ooppttr^  silw»  or  gold. 

The  annealing  is  best  performed  by  the  hydro-oxygen 
flame.  If  chRrcoal  be  used,  the  greatest  care  must  be  token 
to  have  the  fireplace  clean. 

Agreeably  to  a  trial  made  last  spring,  palladium  may  be 
used  as  a  solder  for  platiimtn;  and  as  it  is  nearly  as  difficult 
to  fuse  as  this  metal,  it  is  of  course  for  that  purpose  preferable 
to  gold,  where  great  beat  is  to  be  resisted.  No  doubt  by  em- 
ploying palladium  to  solder  the  exterior  juncture  of  the  double 
drawn  tubes  above  mentioned,  they  might  answer  as  well 
nearly  as  when  constructed  of  solid  platinum. 

This  idea  has  been  verified  by  a  successiul  trial:  and, 
moreover,  silver  has  been  successfully  employed  to  solder  the 
portions  of  the  tubes,  protected  from  heating  by  being  within 
the  cavity  occu{)iijcl  by  water.  Tlie  portions  which  protrude 
beyond  tne  brass  box  (see  fig.  1)  may  be  left  unsoldered. 


LIX.  On  the  Composition  of  the  Bile  of  the  Sheep.    By  X  W, 
GniFFiTU,  M.i^.,  FMS^  Phifsiciofi  to  the  Finiburjf  DU^ 

pensary*, 

npHE  following  analysis  was  made  with  the  view  of  compa- 
-*  ring  the  composition  of  this  tiuid  with  that  of  the  biliary 
secretion  in  other  animals;  the  conditions  under  which  the 
analyses  of  the  bile  in  them  \\'vrv  periormed  have  therefore 
been  observed  as  closely  us  pusMble. 

The  biie  in  a  perfectiv  fresh  state  was  evaporated  to  dry- 
ness in  a  water-bath,  the  residue  powdered  and  exhansted 
with  alcohol  of  640  specific  gravity,  the  solution  filtered,  and 
Uie  alcohol  distilled  off  at  212°  F.;  the  dry  residue  was  nent 
powdered^  dissolved  in  absolute  alcohol,  the  solution  filtered 

^  CwPBiaicetad  bf  the  Autbor. 
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and  diffest«d  with  animal  charcoal :  when  decototised,  it  was 
Main  filtmd»  the  alcohol  dbtiUed      ***^  the  residue  pow- 
dered, eidiaiasied  with  «ther«  and  perfectly  dried  at  21SP  F. 
In  this  state  it  was  almost  whiter  having  a  slight  tmge  of 

EHIIu 

The  ash  was  prepared  in  a  muffle  at  a  low  red  heat. 

I.  3-02  grains  of  the  dried  bile  frnvc  0*305  ash  =10-09  per 
cent.;  ^'SS  tmve  0  48  ash  :=:9'y3  per  cent.;  1*11,  ciiarredand 
washed  in  the  manner  proposed  by  Rose,  gave  0  id  ash  =:  10*20 
per  cent. 

The  amount  of  chloride  of  sodium  prci>eiit  in  the  prepared 
bile  was  very  small ;  thns — 

IL  The  0*48  of  ash  from  the  4«8S  bfle  ( 1 . }  yielded  0*04  ehlo- 
tide  of  silver  sO'43  per  cent*  of  chloride  if  sodium ;  6*88  of 

the  bile  gave  0*05  diloride  of  silver  =0  38  per  cent,  of  the 
d)k>ride  of  sodium  ;  the  soda  remainingy  determined  as  snl* 
phate,  amounted  to  0*99  =6  32  per  cent. 

III.  4*045  bile  bTirnt  with  chromatc  of  lead,  yielded  R'9i 
carbonic  acid  and  3*275  water,  =  carbon  GO'OTy  ajid  hydrogen 
8*97  per  cent. 

IV.  4*005  bile  gave  8*845  carbonic  acid  and  3*20  water, 
■s  carbon  60*22,  and  hydrogen  8*87  per  cent. 

V.  S*6S  gave  ammonio-chloride  of  platinum  =  3  97 
nitrogen  per  cent 

Hence 


I. 

n. 

Carbon .    .    •    •  « 

•  60*07 

60  22 

o 

8-87 

Chloride  of  sodium  • 

.  0-38 

0-43 

100*00 

In  all  the  specimens  of  the  ash  of  bile  which  I  have  ex- 
amined, on  solution  in  water  and  the  addition  of  nitrateof  silver, 
the  yellow  colour  resulting  from  the  formation  of  the  tribasil; 
phosphate  of  silver  was  distincdy  perceptible  in  admixture 
with  the  white  colour  of  the  chloride.  The  yellow  precipitate 
wns  dissolved  by  a  drop  of  nitric  acid.  Whether  the  pho.<i- 
phate  thus  indicated  arises  from  the  solubility  of  the  phosphate 
of  soda  existing  in  the  bjlc  prior  to  the  separation  of  the  mu- 
cus iii  an  alcoholic  solution  of  bile,  or  to  the  oxidation  by  the 
heat  of  a  certain  auiouiU  ol  pliosphorus  existing  in  the  elec- 
tro-negative oonstituent  of  this  fluid,  and  its  subsei^ucnt  com- 
bination with  the  soda,  I  have  not  determined. 
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NaUee  rfipeUing  ike  UeUor  (^September  S^,  1846« 

By  comparing  the  abofe  vasalte  vlth  thoM  obtained  by 
Kampk  Toeyer  and  Sebloaser,  &c.y  from  tba  analysis  of  the 
bile  of  the  oaCf  the  two  fluids  are  seen  to  emhUnt  the  same 

composition. 

The  nature  of  the  true  constitution  of  the  bile  is  still  a  mat- 
ter of  doubt ;  the  opinion  that  it  was  a  compound  of  an  eleo^ 
tro-negative  substance  (bilic  acid)  with  the  base  soda  seemed 
latterly  to  have  been  aUnost  established.  If  however  the  ex- 
periments of  Mulder,  which  have  recently  been  published, 
should  be  confirmed,  no  (lej)endence  can  be  placed  upon 
direct  analysis,  since  from  the  inoment  of  the  secretion  of  that  J 
fluid  it  begins  to  undergo  decomposition:  even  on  drying  at  I 
SIS^  F.  ammonia  b  evolved,  and  the  bile  ceases  to  be  perfectly 
aoloble  in  water;  and  all  fipnii  bile  oomalnt ammoiiia.  Shooid 
these  results  be  proved  correct,  the  analysis  of  this  Add  nnisl 
be  conducted  in  a  different  way  from  that  which  has  been 
ordinarily  adopted.  On  dissolving  some  purified  fresh  sheep's 
bile  in  alcohol,  adding  a  drop  of  oiariatic  acid,  then  a  little 
chloride  of  piatinuiOt  and  setting  the  mixture  aside,  I  obtained 
a  precipitate  of  the  ammonio-cnloride,  the  crystals  of  which 
were  pertectly  distinct  under  the  microscope.  This  appears  « 
to  give  support  to  Mulder's  stateixieat  ttuu  ammonia  is  present 
in  the  bile. 

9  St.  John's  Square,  August  1847. 

LX»  Notice  respect  ing  the  Meteor  of  September  25»  1846. 

Bi/  the  Rev.  J.  Slatter, 

To  the  Editors  of  the  Phihsc^ical  Magazine  and  Journal, 

Rose  Hill,  n(  nr  Oxford,  i 
Gentlemen,  October  23, 1«47 

A  S  I  do  not  f^etieraily  see  your  Publication,  I  was  quite 
unaware  of  any  accurate  notice  having  been  put  on 
record  of  a  large  meteor  w  hich  appeared  one  night  in  the  end 
ot  September  1846.  During  the  late  meeting  of  tlie  British 
Association  at  Oxford,  a  conversation  arose,  from  which  I 
learnt  that  Sir  John  Lnbbock  had  observed  it  also^  and  made 
a  communication  to  your  Magazine  respecting  it** 

I  saw  it  myself  in  fat.  51^4^  50"  and  long.  1°  la*  45"  W. 
It  passed  from  K  to  N.E.  at  an  altitude  at  first  of  about  50% 
declining  somewhat  towards  the  end  of  its  coarse^  bat  not 
more  to  my  notion  than  would  be  caused  by  perspective^  sup- 
posing its  path  to  have  been  on  a  meridian  line,  and  parallel 
to  a  tangent  at  the  earth's  surface.  The  night  was  very  cloudy, 
but  there  were  many  openiiif^s  between  the  clouds.  Tbebouy 
*  Iq  the  Jaauary  Number  for  this  yeWt  P*  4* 
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of  tfaa  meteor  wm  visible  at  these  pointi,  and  appeared  roandi 
and  certainly  not  leie  than  16'  In  diametert— I  should  saj 
double  that  measure*  I  was  in  some  degree  enabled  to  judge 
bv  estimaiing,  after  It  bad  passed)  the  size  of  the  gaps  in  the 
floods  where  it  was  fully  visible.  The  light  was  very  grcatt 
enabling  me  to  see  surroundii^  objects  as  plainly  as  dunng  a 
vivid  fla«h  of  ligbtning»  and  lasted  about  two  seconds. 

Now  to  compare  my  observation  with  the  diagram  and 
notice  sent  you  last  year  by  Sir  J.  Lubbock,  I  conclude  he 
must  have  seen  the  meteor  jifst  before  its  disappeaiJince ;  in 
which  case,  ihe  course  i)Lini;  very  much  lorcshortened,  it 
would  occiiji V  the  pot  iioii  of  the  heavens  wiiich  he  has  indi- 
cated by  a  i)lnrred  ninrk  of  his  pencil.  On  this  liyputhesis  it 
must  have  |>as.'>eil  about  8°  or  10°  froni  the  zenitli  o\  his  place 
of  observation,  wliich  I  suppose  to  be  in  longitude  0°  W., 
lat.  6V  M 

I  oonsider  then  that  the  meteor  at  the  end  of  the  pheno- 
menon bore  N.  by  10^  W.  at  Sir  J.  Lubbock's  station  at 

an  altitude  of  about  40*^;  at  my  station  at  the  same  instant  it 
bore  N.E.  at  nn  altitude  of  46^.  From  these  data*  1  calculate 
its  height  to  have  been  sixty-one  miles  nearly* 

But  taking  its  course  as  upon  a  meridian  line,  and  the  esti- 
mated altitude  when  due  east  of  me,  T  mnkc  its  height  about 
fifty-six  miles.  Considering  the  rougliness  ot  the  (lata,  I  re- 
gard thia  lUi^iee  of  accordance,  proceeding  upon  two  inde- 
penJent  niLihods,  as  tolerably  satisfactory.  Then,  if  my  esti- 
iuate  be  at  all  correct,  it  liad  a  tiuuiictcr  of  at  least  700  yaids, 
and  lis  velocity  was  thiriy>six  miles  ia  a  second. 

I  remain^  Gentlemen, 

Your  obedient  servant* 

JoHx  Slattbb. 


LXf.  Oil  ike  Aurora  BorealiSf  as  U  wat  seen  on  Sunday 
eoenh^f  October  2i,  1S  I7»  ai  Blacikeaiks  Bi/  James 
Glaishes,  Etq^  of  ike  Moyal  Ohtervaiory^  Qreenmiek* 

THIS  day  having  been  remarkable  for  one  of  the  nio-.L 
brilliant  dii»piayi>  of  Aurora  Boreulis  which  it  lias  ever 
been  my  ^ood  fortune  to  witness,  it  has  occurred  to  uie  that  a 
notice  of  its  principal  phases,  sofar  as  they  fell  under  my  own 
observation,  may  not  be  unacceptable  to  your  readers. 

The  barometer  reading  during  the  day  previous  had  de- 
clined rapidly,  and  during  this  day  it  bad  increased  as  rapidly*. 
The  day  bad  been  for  the  most  part  overcast,  and  light  ram 
had  lallen  occasionally;  towards  evening  the  ^ky  became  per* 
FkiL  Uag.  S.  S.  VoL  31.  No.  S09.  Noq.  1847*       2  B 
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fectly  cloudless;  the  uiffht  was|ieuilifal»  and  Um  fuU  noon 
shODe  with  unusual  brillianc}'. 

At  about  G''  30"^  P.M.  a  bright  red  streamer  was  seaa  to 
spring  up  (Voiu  the  N.W. 

At  G'^  40"'  another  streamer  was  seen  in  the  N.W.,  and  at 
tlie  same  instant  one  sprung  up  from  the  N.;  both  of  which 
were  ol  a  beauutul  red. 

At  6^  56°^  a  less  brilliant  streamer  was  seen  m  the  N.W.»  and 
within  three  miottCes  after  this  timey  aewml  IUqI  siretflMft 
were  seen  in  the  N.,  N.N.W.  and  N.W« 

From  7^  to  7^  12™  a  few  streamers  were  seeuy  and  after  thie 
time  no  trace  of  tba  Aurora  could  be  seen  for  some  time* 

Between  7^  90"*  and  9^40^  there  were  occasional  streanier% 
both  white  and  red»  appearing  between  the  N.W*  and  the 
E.N.E. 

At  9''  .').>'"  a  splendid  column  of  red  lifj^ht  a|)peared  in  tiie 
N.W.,  wliose  base  was  about  5  in  breadth.  Tiiis  pyriunid 
exhibited  ail  the  lints  of  the  most  brilliant  sunset,  and  tippear- 
ud  to  be  composed  of  slreamcis  whose  colou»»  ^iiaded  from 
the  most  iutense  crimson  into  the  ruddiest  and  most  brilliant 
orange,  which  orange  parts  again  contrasted  with  the  ruddy 
hue  of  the  next  portion^  forming  by  means  of  contrast  upon 
eootrast  an  endless  gradation  of  shade  and  colour, — a  truly 
sablime  and  fforgeoos  appearance.  About  this  time>  the  fur«» 
naoe  glow  which  pervaded  this  appearance  increased  In  in- 
tensity,  and  had  nil  the  appearance  of  the  reflexion  from  an 
immense  conHatrratlon ;  in  the  mean  time  the  orange  colour 
entirely  ilisappearcd,  and  gave  place  to  an  uniform  deep  crim- 
son, ifK-reasing,  as  belbre  stated,  in  iuU^i^',  and  apparently  in 
deiideness. 

At  10*»  0"*  the  same  appearance  coiiiiimed  as  above;  but  in 
addition  to  it,  tlierc  was  a  collection  of  vertical  columns  of 
light  from  to  in  breadth;  and  from  the  KN*£*  diera 
was  a  column  similar  in  form  and  colour  to  tlie  one  in  tlie 
N.W«9  with  the  essoeptton  of  betiig  less  brilliant.  Tliese  two 
red  columns  formed  the  east  and  west  boundaries  of  the  fim- 
like  appearance  of  the  whole  mass,  all  the  columns  of  which 
converged  to  a  point  a  few  degrees  S.  of  the  zenith. 

Tlie  colunmar  appearnnces  situated  between  the  red  columns 
were  of  the  most  silvery  light,  shaded  with  a  moist  delicale  and 
pure^rnv:  they  were  perpetually  ghmcini!;  niid  shit'tiuL:  npwnrfls 
and  downwards;  the  lower  partsofeach  t  nlumnwouiti  suddt  niy 
rrlnncc  into  tlit;  place  of  the  upper  portion  uf  the  «flme  coluaui, 
w  lidst  the  upper  portion  would  ^huol  higher  towards  the  zenith, 
and  then  both  together  suddenly  descend.  This  irtbrating  mo- 
tion was  rimultaneoiis  in  all  tlieeDlamn%  excepting  the  spmdM 
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red  portion!  at  either  terminatiooy  which  remained  immove* 
ftbleb  tboogh  it  rather  appeared,  that  at  the  central  silvery 
light  fluctuated,  now  bri^ht»  now  dimi  theae  roey  extremities 
fluctuated  in  direct  oppo8ttion»  their  rosj  hue  becomini^  fainter 
aiid  inclining  to  a  nentral  tint  in  proportion  to  the  increase 
of  the  silvery  brightness.  The  whole  variation  of  appearance 
somewhat  resembled  the  reflexion  cast  upon  a  wall  by  a  Gothic 
casement  lighted  from  within  by  some  fitful  and  inconstant 
Virrht.  Towards  10^  12"^  a  considerable  diminution  in  ilie 
brilliancy  of  the  light,  fleecy,  silviry  columns  took  place;  tiie 
rcfTuhir  and  cascment-liivc  apjic  at  aiice  disappeared  by  degrees 
and  assumed  more  of  the  charactci  ul  the  extremities,  although 
they  still  conUiiued  their  fitful,  glanchig  ami  radiatinjn^  motion. 
During  tliese  appearances  two  or  three  rnilk-wlnie,  cioud-like 
masses  came  up  from  the  N*W.  and  slowly  mowed  towards 
the  &£.;  each  M  these  niasses  seemed  to  have  a  kind  of  polsa- 
tioQ  withhi  themselves* 

At  10^  18*  littk  eoald  be  seen  the  Aurora^  enoeptine 
the  red  column  in  tbe.N«W,;  this  still  retained  much  bri£ 
lianejr*  tliongh  all  else  seemed  merged  into  the  sky,  when  at 
times,  like  the  bursting  of  a  firework,  a  strsun  woald  iqirlng 
up  fi'om  this  column,  wnite  and  brilliant,  except  at  their  upper 
portions,  which  were  tinged  with  rose  colour. 

About  this  time,  the  moon,  which  had  been  shining  upon 
a  cloudless  sky,  was  suddenly  siu'rounded  with  a  splendid 
corona,  exhibiting  concentric  circles,  lirst  of  a  neutral  tint, 
next  of  violet,  then  green,  and  the  outermost  red ;  the  ex- 
ternal boundary  of  the  laittr  parsed  nearly  midway  between 
the  moon  and  the  planet  Mars ;  this  appearance  continued  at 
its  extreme  brilliancy  a  short  tima  <Huy»  but  mora  dhafy  it 
continued  for  a  long  tuiM> 

Ftom  10^  ao^  to  11^  (HS  with  the  exioeption  of  an  occa^ 
sioiial  atreaiwr,  there  was  no  appeaiaace  or  the  Aarom$  and 
at  times  ho  aurora  at  all  wasvisime. 

At  1 H%  to  this  time  no  arch-formation  bad  been  seen) 
or  bank  of  vapour;  a  bright  arch  however  was  supposed  to 
have  formed  at  about  this  time,  but,  if  so,  it  conthnied  a  short  * 
time  only. 

Sliortly  nfter  1 15'"  a  faint  stream  or  column  of  white  light 
was  seen  in  the  N.N.E,,and  a  splenilid  red  patch  orii<^ht, nearly 
in  the  east,  was  seen,  winch  grew  very  bright,  and  the  phce- 
nomenon  at  midniLdjt  exhibited  an  appearance  as  beautiiul  Sk^ 
any  oi  those  that  had  preceded  it.  An  arcii  appeared  extend- 
ing from  the  N.W.  to  the  S.E.;  from  this  arch  very  bright 
ami  flickeriag  peiK»ls  of  light  darted  out,  both  upwards  and 
downwards. 

SB2 
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At  12^  SO"^  the  streams  were  frequent;  the  arch  now  ex* 
tended  from  the  N.  W.  to  the  £.  by  and  at  efery  part 
of  this  arch  an  occasional  streamery  with  its  tn]ier-like  fomiy 
sprung  up;  and  this  appearance  continued  till  after  ISK 

I  did  not  observe  any  halo  around  the  moon  at  any  time> 
and  the  Auiorn,  with  the  exception  of  the  beautiful  white 
clouds,  was  coniiiitid  to  the  nortiiern  liemispheie. 

On  Friday  tlie  22\u\,  and  on  Saturday  the  2drd,  the  mag- 
netic instruments  at  the  Royal  Obs.ervaiory  were  thready 
disturbed,  tliey  were  during  the  auroral  appearances  on 
the  d4tb  uldmo*. 

Many  of  the  preceding  observations  were  made  by  aa 
assistant  at  my  residence,  as  my  own  attention  was  almost 
completely  occupied  by  observations  of  the  magnetical  instru- 
ments; so  much  so,  that  I  was  obliged  to  neglect  some  of  its 
finest  appearances,  but  which  I  believe  were  pretty  well  ob- 
served as  nl)()ve  described.  Tlie  watch  by  whic!)  tlie  times 
were  taken  w:is  coniparetl  at  about  midnight,  so  that  the  se- 
veral tunes  are  true  Greenwich  mean  solar  times. 

James  Glaisuer. 

Blackbetth,  Oct.  26,  1847. 

P.S.  An  Engraving  of  its  appenrnnce,  as  seen  at  about  10^» 
will  appeAr  in  the  Illubiraled  London  News  of  Oct.  31. 


LXII.  JProceediiigs  of  Learned  Societies* 

WSltAXs  SOCtBIT* 
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June  17,  "f^N  the  Solution  of  Lhiear  Differential  Equ  ulnii.."  T^y 
1817.  Charles  James  Hargreavp,  Esq.,  B.L.,  F*H*&|  Pro- 

fessor of  Jurisprudonee  in  University  College,  LoTidon. 

1.  By  the  aid  of  two  simple  tlieoreuis  expressing  the  laws  under 
which  the  operations  of  Uiiiereutiation  combine  with  operatioos  de- 
noted by  factorsf  fotictions  of  the  independent  variable,  the  author 
arrives  at  a  principle  extensively  applicable  to  the  solutiou  of  equa- 
tions, which  may  ie  stated  as  follows : — "  if  any  linear  equation 
(p('.T,D).M=X  have  for  its  solution  t/=\I/(j*,D).X,  ihi^  solution  being 
so  written  that  the  ojicrations  included  under  the  function  \|»  arc  not 
performed  or  6uppre<>i>ed,  then  ^(D,— 2r).u=X  has  for  its  scJution 
fi=^(D, — x}.X.*'  The  solution  thus  obtained  may  not  be,  and  often 
is  not*  interpretable»  at  least  in  finite  terms ;  but  if  by  any  trans- 
formation a  meaning  can  be  attached  to  this  foroi}  it  will  bie  found 
to  repr('»^f'nt  a  tnie  rcsalt. 

An  important  solution  immediately  deducible  tVoui  this  principle 
is  given  by  Mr.  Boole  in  the  Philosophical  Magazine  for  February 

•  See  the  weekly  reports  of  the  weather  supplied  by  the  A»troaomer 
Royal  to  the  Uegir^trar-ueneral, 
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1S47»  ud  b  eitomively  employed  in  die  present  paper.  It  i»  imme- 
diatdy  obtnined  by  making  the  conversion  above  propoaed  in  the 

general  equation  of  flir  first  order  and  its  solution. 

'2.  Hy  tlie  use  ot  tiib  theorem  and  the  gcQcral  theorems  above 
referred  to,  the  solution  of  the  equation 

(««+Q^+Qf— ^^^^=^)m=P, 

le  found  in  the  form 

of  which  various  ]).irttcu1ar  cases  and  transformations  are  given  and 
discussed;  including  the  well-kuown  forms 

and  extensions  of  thcso  fonn*. 

The  application  of  tin  [irnci  ss  to  equations  of  the  third  and  higher 
orders  gives  rise  to  solutions  ui  analogous  forms;  and  in  particular 
the  equaUon 

u  solved  in  the  fona 

b 


and  by  the  applicatiou  of  the  theorems  hrst  reterrcd  to,  a  still  more 
general  form  is  solved. 

The  aolntions  above-mentioned  are  subject  to  the  Importantly 
itricttoo  that  fn>  A,  B,  &c.  (denoting  the  number  of  timen  that  the 
operations  are  to  be  repeated)  must  be  integer;  but  in  the  sobae- 
tpioiit  jnrt  oftlic  paper,  a  mode  issuggcst^M)  oF instantaneously  eon- 
vcrting  these  soiutious  into  definite  integrals  not  aliected  by  Uie  re- 
itrietien. 

S.  The  interchange  of  symbols  above  suggested  Anequent  ly  renders 
available  forms  of  solution  whieh  otherwise  would  not  be  interpret* 

ablo  hi  finite  term?.  The  operation  (<pT>)"'  is  not  intelligible  if  m 
be  a  fraction  ;  but  if  by  any  legitimate  ])rocess  this  be  changed  into 
the  factor  (f  ("x))'»,  the  restriction  ceases  to  operate.   By  the  ap- 
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pUMftiaii  of  this  prio«ipl%  folotioiit  of  a  mmfiB  chitwlM'  wo  ob* 
tiiiied  fat  (h  being  iiil4^)» 

4.  The  advantages  of  the  fomu  abovo  given  in  thb  particuUr, 
that  the  number  and  order  of  the  opeiattons  in  the  solution  are  ex- 
preased  gcneralfy^  and  not  by  a  seriee  <^  eubstitutions  involving 

chnnp^os  of  tlu;  variable  as  in  the  ordinary  modo  of  solvin  -  Uicoati^ 
cfjuatio!),  appt  nr  more  clearly  in  tlio  application  to  partial  linear 
ditfereutial  equations.    Thus,  the  equation 

whidh  may  be  aolved  by  m  inooeaiiTe  nbititat!oiit»  reodTea  ito 
■olution  in  the  general  form 

|a?-i(D«— *«D'«)-'»{«-(«»'»)i^»l>'i/.(a;,j^)}  ].  , 

which  exhibits  at  a  glance  all  the  successive  prooeaaet  to  be  per- 
formed upon  order  to  arrive  at  the  result.  It  will  be  ob- 
served that  the  process  g^-^  jjcrforra^  upon  denotes  ^(y+^x). 
Among  otln  r  results  worthy  of  notice  on  this  branch  of  the  sul9|cct 
may  be  noticed  the  solution  of 

rf^M      a  fdu   du\    o(a— 1)— «(>»— 1)  , 

(solved  by  Elder  in  a  series  when  there  is  no  second  term) ;  viz. 

M=x«-«(D«-D'«)«-»-[a:-'{D'-D'2)-«'{««-»»+^\^(a;^))  j  ; 

4^ being  deteimined  from  f  by  the  equalioiii'^Ba;+^;  andtheioli^ 

tion  of 

which  is  readily  deduced  ih>m  the  sdutioii  of  the  comqfKmding 
form  in  ordinary  equations. 

5.  Tlie  cliaracter  of  most  of  the  solutions  may  be  described  as 
follows :  they  consist  in  the  performance  (repeated  m  times)  of  op^- 
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t  rations  of  the  fonn      upon  the  lecond  tide  X;  multiplication  by 

the  factor  a*-';  and  the  pprformancp  (repeated  w— 1  tinie<<)  of  the 
inverse  operation  aud  it  will  be  seen  that,  in  all  eases 

where  X=0,  it  Is  sutiicieat  to  perform  tho  direct  operation  u 
single  time. 

u  is  a  remarkable  pfaeDameooo  connected  with  the  eoltttiona  last 
mentioned,  that  they  are  instantaneously  convertible  into  definite 
iotegrale  by  changing       into  ^z,  multiplying  by  cbanffingdr'i 

into  D'-'  (D'  denoting  difTerentiation  with  regard  tor),  and  assign- 
ing pro})(  r  limits  for  the  integral.  la  this  maouer  definite  integrals 
are  immediately  louud  for 

and  other  forms. 

6'.  Tiic  application  of  the  principlt;  above  stated  to  equations  of 
finite  difiereoces  gives  solutions  for  the  equations 

(a»af + 6»)m,+» + . . . . + (tf  ,ar + ft,  )m#+ 1  +  {a^ + 6o)w*= Q« 

aud  where  the  number  of  operations  to  be  performed     denoted  by 
ft  lfaelion»  sohitioBB  are  found  in  the  form  of  definite  int^giidi* 
Tha  aohtkm  of  the  fiiat  when  la 

0 

+  &C.; 

and  that  of  the  second  is  somewhat  similar. 

From  some  inve-rifntions  effectrd  by  interchanging  the  «3'mbols 
J*  and  D  in  the  solution  of  the  general  linear  equation  in  ti?i5re  dif- 
ferences of  the  first  order,  it  would  s^m  that  delinito  buunnatioiis 
may  be  used  to  reprint  the  solutions  of  certain  forms  of  equations. 
TbiH  a  parthdaolutioii  of 

Is  etiVzyt^  from  iSB  ~  or  to  sss(V 

7.  In  atternpHfif^  the  solution  of  some  equations  by  means  of  suc- 
ccMive  opemtiuus,  not  consisting  eaolesively  of  D  cconbined  with 
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constants,  but  involving  also  runctioti:^  of  :r,  the  only  result  wJiifiil 
appeared  to  the  author  wortbjf  of  notice  is  the  sdutioD 

D^fi-|-6Du+<j9tt-«(w+  l)^^=Xs 

ftom  a  particular  eaae  of  which,  the  general  aolatioD  of  Laplace's 
eqtiattOD, 

may  be  found  in  the  simple  form 


-»/     ^  :  d 


with  a  similar  iuuctiou  u)iiiig  —  V  —  1  for  V^^HT* 
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[Contitiueii  from  p.  311.} 

On  U.c  Symbolical  Eqnntinn  of  Vibratory  Motion  of  an  Elastic 
Medium,  whether  Crystallized  or  Uncrystallized.  By  Uie  Rev.  M. 
O'Brien,  late  Fellow  of  Caius  College,  Professor  of  Natural  Philo* 
sophy  and  Afftronomy  in  King's  College,  London. 

The  object  of  the  author  in  this  paper  is  twofold  :  fint,  to  show 
that  the  equations  of  vibratory  motion  of  a  crystallized  or  uncrystal- 
lized  medium  mny  be  obtained  in  their  most  ^neral  form,  and  very 
simply,  without  mahinj;  any  assumjition  as  to  the  nature  of  the  mo- 
lecular forces  ;  and  sevondly,  to  exemplify  the  use  of  the  symbolical 
method  and  notation  explained  in  two  papers  read  beibre  the  Soeiet7 
daring  the  present  academical  year. 

First,  >vith  regard  to  the  method  of  obtatning  the  eqoataons  of 
vibratory  motion. 

This  method  consists  in  representing  the  disarrangement  (or  state 
of  relative  displaccmeut)  of  the  medium  in  the  vicinity  of  tlie  point 
jya  by  the  equation 

fo=  *Jx+  ^"*,+  p.+  \p.Jx^+  ^ix»,+t^-l«>. 

dx       dy  '     dz        '2  dx*         dxdy  ' 

(where  v=:^ct -h^p -f  denoting,  as  ubuui,  the  displacemeats 

at  the  point  xyz,  and  being  the  d&rtdim  mU9  of  Uie  tiwea 
coordinate  axes),  and  in  iinding  the  wkoU  forea  brought  into  play  at 

the  point  xyz  (in  conisequence  of  this  disarrangement)  by  the  symbo' 
Ucal  addition  of  the  different  forces  brought  into  play  by  the  se  veral 
terms  of  $v,  rcirh  roii.^'ulrrtd  separately.  It  is  easy  to  see  that  tliese 
diti'erent  forces  may  be  found  with  great  facility,  without  assuming 
anything  respecting  the  Constitution  of  the  memnm  more  than  this* 
that  tt  possesses  ddred  and  UUtmi  ekutkUjf,  Bj  Unci  etastkUy  w« 
mean  that  dasticity  In  ?iitne  of  whioli  iinet  or  Mmd  vibrama 
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tdwplMt ;  «iid1i]r         tlMl  in  Tiitne  ol  wlitt^ 

Tibrations  take  plm. 

The  forces  due  to  the  seveml  terms  of  hf  tre  obtnn6d  bj  nctiit 
of  the  following  simple  considerations. 

Let  AB  be  any  line  in  a  perfectly  uuiform  medium,  and  conceive 
the  medium  to  be  divided  into  elementary  slices  by  planes  perpen^ 
dkmlar  to  AB  t  kt  OM(s«)  be  tiie  diiteiice  of  any  slioe  W  torn 
any  paitieuhr  pmni  O  of  AB»  and  tnppoM  tliiB  alico  to  tuiler  a  dia* 

placement  equal  to  —  cx'^  (c  being  a  constant)  in  the  direction  OAB, 

and  the  otlicr  ?lirc^  to  hr  similarly  displaced.  Than  it  is  evident 
that  t1ic  medium  shutters  bv  the^e  di«^placcmcnts  a  uniformly  increai-ing 
expansion  iu  the  direction  01>,  and  a  uniformly  increasing  condeusa- 
tiun  in  the  direction  OA ;  the  vate  of  incieaBe  both  of  tito  expenaioB 
end  coodenMtion  being  c.  Now  in  ell  known  subetanoe*,  whether 
eolid.  fluid,  or  gaseous,  a  dieanraDgement  of  this  kind  would  bring 
into  play  on  the  slice  O  a  force  along  the  line  AB  proportional  to 
the  rate  of  increase  c,  i.  c.  a  force  Ac,  A  being  a  constant  depending 
npon  what  we  may  call  the  direct  elasticity  of  the  substance. 

AgaiUt  anppoae  that  the  alioe  FF  leceivea  a  diepkcement  A.  afi 

in  tiie  direetion  OC  perptmMedttr  to  AB,  and  the  o^er  ilicea  einuhv 
displacements.  Then  the  line  AB  wfll  beeome  curred  into  a  para- 
bola A'OB',  and  all  the  linea  of  the  medium  panllel  to  Afi  will  be 

nnularly  comd,  the  ladiot  of  curvature  being  equal  to  —  and  per- 

pendicular  to  AB.  Now  in  all  known  substances*  a  disarran£remcnt 
of  this  kind  would  bring  into  play  upon  the  blice  O  a  force  iu  Lixe 
direction  OC  proportional  to  the  curvature  c»  I.  e .  a  force  Be  depend* 
ioff  upon  what  we  may  call  the  lateral  elasticity  of  the  substance. 

Xjaady,  auppose  that  MP— y»  and  that  the  ])uint  P  of  the  medium 
reccirc?  a  displacement  cxy  parallel  to  AB,  and  the  other  points 
pimilnr  displacements.  Then  the  slice  PP'  will,  in  consequence  of 
this  iiind  of  dij»placement,  turn  tlirough  an  angle  tan~'(cx)  into  the 
dotted  position,  and  the  other  slices  will  suJffer  similar  rotations, 
thoae  on  the  other  aide  of  O,  audi  as  QQ',  turning  the  opposite  way. 
Now  it  is  easy  to  see  that  a  disarrangement  of  this  kind  produces  a 
uniformly  increasing  expansion  in  the  direction  OC,  and  a  uniformly 
increasing  condensation  in  the  direrrion  OC,  the  rate  of  increase 
both  of  the  expansion  and  condensuUon  being  r.  But  the  expansion 
and  condensation  here  described  are  quite  diiterent  from  that  pre- 
viously noticed ;  since  it  is  produced,  not  by  displacements  parallel 
to  CO,  but  by  lateral  displacements,  t.  e.  perpeitdkular  to  C'C.  On 
this  account  all  that  we  can  assert  without  rarther  investigation  is» 
that  the  force  ])rought  into  play  upon  an  eli'ineut  at  O  by  thi.^  dis- 
arrangement acts  along  the  line  C'C,  and  is  proportional  to  c,  i.  e. 
equal  to  Cc,  where  C  is  some  constant  evidently  depending  in  some 
way  both  upon  the  direct  and  lateral  elasticity  of  the  medium. 

*  Fluids  and  gase»  po^ess  lateral  elastictty  as  well  as  soiid^,  only  in  a 
coBpaiadvely  fedde  degree. 
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There  is  however  a  Tory  nmpile  wiy  of  flndisg       preoite  tiIm 

of  the  force  brought  into  play  by  a  disarrangenuot  of  tililkilldt  fiv 

if  we  turn  the  axea  of  x  and  y  in  the  plane  of  the  paper  throriffh  an 
aDLHo  of  45°,  it  ai){)(>;irs  that  this;  disarrangement  is  nothing  but  a 
combmution  of  the  two  kinds  of  disarrangement  previousiy  noticed ; 
■nd  fipofn  tfais  it  immediately  follows,  in  the  caae  of  w  naoyitalliiwl 
aodiom,  tiitt  tlio  foroe  bronght  into  play  at  O  lt(A->B)c ;  in  other 
words.  Uie  coefficient  C,  which  must  be  multiplied  into  in  Ofdor 
to  give  the  force  brought  into  play  by  the  disarrangement  r.ry,  is 
equal  to  the  coefficient  of  direct  elasticity  (A)  minus  the  coefficient 
of  lateral  elasticity  (B). 

In  the  case  of  a  crystallized  medium,  it  may  be  shown  that  mar 
rdai\Mi»t  oonesponding  to  the  relatum  Gs  A— ore  moet  prabeUy 
true,  and  are  9m»iwl  to  Fresnel's  theory  of  traniverae  fOmtioni  s 
that  ig  to  pny,  the  medium  is  capable  of  propa^ting  wrwes  of  trans- 
verse vibi:ai( ns  if  these  six  conditions  hold,  but  othcrwibu  it  is  not. 

In  empioymg  the  above  considerations  to  determine  the  equations 
of  vibratory  motion,  the  directions  Ali  and  C'C  are  always  taken  so 
M  to  mineide  widi  eome  twto  of  the  tiuea  oocndinato  end  it  is 
this  circumstBOoe  timt  makes  the  mediod  peculiarly  applicable  to 
crystallized  media.  Indeed,  if  it  were  necessary  to  take  the  lines 
AB  and  C'C  in  any  direct!' >n«  hut  those  of  the  axes  of  symmetry, 
the  above  considerations  would  not  afply  without  considerable  mo- 
dihcation. 

The  equations  of  vibratory  motion  obtained  by  tiiis  method  for  an 
moryatdlised  medium,  are  the  well-known  equations  involving  the 
two  constants  A  and  B.    llie  equations  obtained  for  a  crystallized 

medium  are  perfectly  free  from  any  restriction  of  any  kind,  are  appli- 
cable to  all  kinds  of  substance,  whether  we  !?upposc  its  structure  to 
be  analogous  to  that  of  a  solid  fluid  or  ga«,  and  hold  for  ail  kinds  of 
diaanangement,  whether  consisting  of  nofmal  or  tramveneiysplace- 
menCs,  or  botii. 

When  we  introduce  the  six  relations  between  the  constants  above 

nlliu^rd  to,  and  moreover  assume  that  the  vibrations  constituting  a 
polarized  ray  are  r,'?  the  plane  of  polarization,  we  arrive  at  Professor 
MacCullagh's  equations*.  If,  on  the  contrary,  we  suppose  the  vi- 
brations to  be  perpendicular  to  the  ^Uane  of  polarization,  we  anive 
at  equations  wlwui  agree  exactly  with  FVesnel's  theocy  hi  etery  ii«r> 
ticularf. 

If  we  introduce  these  six  relations  into  the  equations  for  crystal- 
lized media  deduced  from  M.  Cauchy's  hypothesis,  that  the  mole- 
cular forces  act  along  the  lines  joining  the  different  particles  of  the 
medium,  it  w  ill  be  found  that  these  eouatioiu  are  immediately^  te* 
dnced  to  the  equations  for  an  uncrystaUiaEed  medium.  FVom  this  it 
follows  that  M.  Cauchy's  hypothesis  cannot  be  applied  to  any  but 
uncrystaUized  media.  In  fiict,  it  may  be  eaailly  proved  that  if  the 

*  Given  in  a  paper  read  to  the  Royal  Irish  Acadeo^t  Dec  d,  i^^p 
page  14. 

t  On  this  subject  see  a  paper  the  late  Wtt  Cfcese  In  the  sefSBdl 
volume  of  the  Cambridge  TramacUoub  p*  i^i* 
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equations  derived  from  tlxis  hj^pothesia  be  true,  a  cryatalHzed  medioa 
Is  incapable  of  propagating  tmumm  vitanftioiii. 

ubove  alluded  to. 

The  application  of  the  srjmboUcal  method  and  notaff  on  to  the  subject 
of  vibratory  motion  is  very  remarkable,  uiul  leads  to  equations  of 
great  siiupiicity.  lu  the  ease  of  au  uucry^t4dUzed  medium,  the  three 
ordinary  equations  of  moCkm  m  inolttded  in  the  im^  Bymbolka* 
tion  equation 

If  we  employ  tlie  notattoo  Aat^.tf.  and  aaaome  lihe  symbol  S)  to  ra- 
preaent  the  operation 

the  equation  of  notion  becomes 

^  «B(A1>.»)»+(A-B)+A».»  8 

at- 

or»  by  using  the  notfitiou  Du\u  also,  it  may  be  put  in  the  form 

^^  =  {A»4».-B(I>».)«}»- 

Tlie  symbol  3D  written  before  any  quantity  U  which  Is  a  function 
of  xyz,  has  a  very  remarkable  signihcatiou ;  the  direct wu  unit  of  tlie 
symbol  IDU  is  that  direction  perpendicular  to  which  there  is  no  va- 
nation  ol  U  at  tbe  point  jry«>  and  the  mmmieai  mtgwUnde  of  IPU  la 
tba  qfvm§l&m  of  whan  wo  paaa  from  point  to  point  m  ikot 
direction. 

The  symbols  AID. V  and  DID.r  liave  also  remarkable  sigTiifications. 
AlD.f  is  a  numerical  quantity  representing  the  degree  of  expansion^ 
or  what  is  called  the  rare/action  ui  tiie  medium  at  the  point  jcys. 
PSD.v  represents,  in  magnitude,  the  de^^e  of  kteral  dUanmgemeiU 
of  tfaaneditia  at  the  point«y«.  and^indueetion,  the  osriiabontwhiok 
that  diaplaoancnt  takes  place. 

7I1CSC  two  symbols  may  be  loond  separately  by  tbe  integration  of 
aa  equation  of  the  furm 

When  the  six  conditions  above  alluded  to  arc  Introduced,  the 
equation  of  motion  fQ»  a  crystallized  medium  becomes 

+D«,.{(B,g-B',J).+  (B.2-B,|)^. 
(B.|-B-.£>}. 
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Irliere  Ai     Aj  are  die  three  coeffiflionts  of  Srtct  dratidto  irick 

reference  to  the  three  axes  of  symmetry,  and  Bt  B|'  fig  By'  ^ 

BIX  coefficients  of  lateral  elasticity  with  reference  to  the  rame  axes. 

If  the  vibrationfl  be  tnmavene«  this  equation  ia  yedmable  to  tka 
form 

assuming  the  vibrations  of  a  polarized  ray  to  be  perpauiicuier  to 
the  plane  of  polarization. 

The  well-known  condition  that  a  plane  polarized  ray  may  be 
tranamtaaible  without  aubdiviaion,  and  the  velocity  of  propagatkn 
may  ht  immediately  deduced  from  this  equation. 

If  \N'c  assume  the  vibrations  of  a  polarized  ray  to  be  til  the  plant 
of  polarization,  die  equation  becomes 

^  =  — DJD.(«^a+62/3A^4-cYAy)DJD.t;. 
Tliia  indndes  Ftofeasor  MaoCnUag^'a  thiee  eqnationa. 
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[Continued  from  p.  146.] 

May  14,  1847. — Extract  of  a  letter  from  Mr.  Adams,  with  new 

Elements  of  Neptune. 

"  The  following  elements  of  Neptune  have  been  obtained  by  taking 
into  account  Prof.  ChaUis's  observations  made  since  the  reappear* 
ance.  *  *  *  Hie  elements  are  now  sufficiently  coirect  to  enable  mt 
to  approximate  to  the  perturbations  of  Neptune  by  the  action  of 
Uranus,  in  order  to  compare  more  accurately  the  ancient  observa- 
tions of  1795  with  fhn^o  ....  mado  recently.  I  h;',ve  wed  the  old 
observ;»ti(iiif,  sujjposing  the  elcnn  iits  not  to  have  changed.  I  hope 
imuiediateiy  to  set  about  a  new  solution  of  the  perturbations  of 
Uranus,  starting  with  a  very  approximate  Talue  of  the  mean  distance. 
*  *  I  do  not  think,  with  Ptomssor  Pierce,  tliat  the  near  comment 
durability  of  the  mean  motions  will  interfere  seriously  with  the  re- 
Fultp  ohtaincd  by  the  treatment  of  perturbations  ;  but  it  will  be  in- 
terestniiz;  to  see  how  nearly  the  real  elements  can  be  obtained  bj 
means  of  the  perturbations.** 

JsHementt  of  the  OrbU  qf  Neptuae, 

Mean  longitude,  Jan.  1,  1847,  G.  M.T...  8^  iS  6?-5l 
LongUudc  of  pcrilieHon  (on  the  orbit)...    11  13  1]  '>  i>  M.  Eq.  1847*0 


Longitude  of  ascending  node    130  -ji'Dj 

Inclination  to  ecliptic    1  47  I'o 

Mean  daily  motion  •»••...   S1>S774 

Semi-axis  major  •  30*2026 

Eccentricity  of  orbit   .m  0*0083835 


On  the  oonununication  of  Mr.  AdiBMi*s  paper*  the  AstromooMr 
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Royal  gtw  CMra&7  a  conttniimtiofi  of  the  liistory  of  Neptnse,  embnip 
oing  the  principal  points  that  have  been  ascertained  sinoe  hfe  com- 
munication of  Nov.  14, 1846.  llie  ])lanet  having  been  actually  dis- 
covered in  the  heavens  by  means  of  certain  predicted  elements,  the 
fair  presumption  was  that  those  element?  were  very  approximately 
correct.  Adopting  these  elements,  thcreturc,  Mr.  Hind  examined 
Likuide't  and  other  obeenrations,  with  the  hope  of  finding  some 
former  obeervation  of  the  planet  as  a  steur  now  missing*  bot  satisied 
himself  that  there  was  none.  In  the  meantime,  tlte  continuation  of 
tlie  observations  of  the  ])lanet  in  the  last  months  of  1846,  and  the 
com]  arisen  of  them  with  Professor  Challi-**?  early  observations  of 
August,  led  to  some  unexpected  conclu^iuns.  It  was  found  that, 
though  oneplaceo(  the  planet  might  be  very  well  represented  by  M. 
Le  Veirier's  or  Mr,  Adams's  elements*  yet  tbe  appamt  movement  of 
the  planet  oould  not  be  reprasoited  witbm  seversl  minntes.  Elements 
were  then  investigated  from  the  observations  themselves  (without 
any  reference  to  the  prcccdinj^  deductions  from  the  perturbations  ()f 
Uranus)  by  Mr.  Adams  in  England  (see  Monthly  Notices  for  March, 
p.  244),  and  by  Professor  Pierce  and  Mr.  Sears  C.  Walker  in  Ame^ 
rica.  Attention  is  particularly  due  to  tiie  former  of  these  investiga* 
tionsk  in  which  are  exhibited,  not  only  the  teinlts  for  the  different 
elements,  but  also  for  the  probable  error  of  each,  llie  most  import- 
ant conclusion  was,  that  the  planet  certainly  moved  in  a  much  smaller 
orbit,  and  probably  in  an  orbit  of  much  smaller  eccentricity,  than 
that  indicated  by  the  calculations  of  pertnrhntion.  With  elements 
thus  roughly  coiTected,  the  urbit  was  agaiu  traced  back  through  the 
ancient  Mservatioiis ;  and  it  was  found  by  Dr.  Petersen  of  ^tona, 
and  Mr.  Sears  C.  Walker,  that  a  star  observed  hj  Lslande  on  May 
10,  1795.  and  now  miswng  from  the  heavens,  was  very  probably  the 
planet.  The  observation  however  was  marked  doubtful  in  Lalande's 
printed  volume  :  and  to  this  rimmtstance  is  probably  due  a  most 
remarkable  diticuvery.  The  uiaiiuscripts  of  Lalaiide's  observatioua 
were  some  years  ago  transferred  by  his  representatives  to  the  obser* 
tatory  of  Puis.  To  eyamine  into  tiie  presumption  of  donbt  in  the 
observation,  the  astronomers  of  the  Observatory  of  Paris  referred  to 
the  originals,  and  there  they  found  that  the  observation  of  May  10. 
1795, -was  entered  without  any  expression  <'f  iUnil>t  iit  the  time; 
that  an  observation  of  May  8,  i  7^5,  was  omitted  in  the  printed  vo- 
lume ;  that  it  was  omitted  j«olely  because  it  could  not  be  reconciled 
with  the  observation  of  May  10 ;  and  that,  upon  reducing  both  pro* 
perly,  they  exhibit  moat  distinctly  the  retrograde  motion  ol  a  planet 
nearly  parallel  to  the  plane  of  the  eeUptic,  the  light  ascension  and 
the  polar  distance  having  both  changed  in  the  proper  proporticm* 
It  seems  now  inconceivable  to  us  that  an  astronomer,  hanng  his  atten- 
tion strongly  called  to  the  difference  between  the  two  days'  results, 
should  rather  a^umt:  tliut  there  were  in  the  observations  two  inde- 
pendent eiTOrs  (one  of  right  ascensioii  and  one  ^iwAn  distsnoe). 
than  that  the  body  obsemd  was  xesUy  a  planet  With  the  plaoe  of 
the  planet  at  an  epoch  so  dtitant,  its  eknenta  an  aseertuaed  with 
gnat  acovni^* 
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It  is  remarkable  that  the  missing'  star,  to  which  allusion  hns  been 
made,  is  acttiaily  entered  as  au  observed  star  in  the  Berlin  Star-Map ; 
aud  this  circumstance  prevented  Mr.  Adanu  from  traciog  the  new 
ocbit  of  the  pbtfiet  to  aoon  m  he  would  adicrwiae  haf»  done.  Tbis 
iiMartMm  of  mi  unobtonrad  ftar  msk  be  Meooatid  for  only  oa  tb« 
ni|>poution  tkttt  tllA  star  bad  been  taken  by  the  observer  ia  lua  iv«lb> 
ing-catalogae  aa  a  aeio-atar,  and  bad  tbn  bean  inaerted  aa  a  tnafttar 
of  course. 

The  mean  distance  of  Nejjtune  from  the  sun  now  fippcars,  instead 
of  38,  to  be  something  i^ear  30  \  and  it»  periodic  time,  instead  of 
320  yean,  to  be  nearly  166.  It  le  certainly  a  notl  oaiioaa  tbiay 
(bt  wbioh  mndii  is  owing  to  cbanee)  tbat  elements,  now  known  to 
be  cztreiaely  erroneous,  should  have  accountod  for  tbe  perturbations 
of  Uranus  through  150  years  with  such  accuracy,  and  should  nl-^o 
have  fflvTn  the  planet's  i)lacc,  for  the  particulor  year  in  jrhich  the 
alienlwn  of  mtranQinerii  was  Jirst  slrQUifiy  directed  io  it,  \«ith  auch 
precision.  It  remains  to  be  seen  whether  the  new  ekmoits  ol  Nsp* 
tine  wil]«  with  any  poesible  inais,  explain  tbe  peitnibatioaa  oC 
Uranus.  In  any  case,  Bode's  law,  on  the  assumption  of  which  the 
original  investigations  of  M.  Le  Veitier  and  Mr.  Adams  entaiely  dt* 
pended,  fails  completely. 

Calcnl  d6taill6  d'une  In6gtilit6  Nouvellc  Lnngue  P6riode, 
existc  dans  la  Longitude  moycnne  do  la  Lunc,    By  M.  Hansen. 

Hie  author  states  that  he  has  lately  made  known  to  some  aatro- 
flomers  a  diioofeiy  of  two  ioequalitiee  la  the  motion  of  tbe  moon, 
wboee  periods  are  respectlfely  nearly  278  aad  ftd9  yean.  Benntlng 
by  ft  ^  the  gaoeeatrio  mean  anomaly  of  the  moon,  and  the  heiio* 
ocataomean  anomalies  of  the  enrth  and  Venus,  these  inequahtiesaM-* 
IT -A  X  j^in(-i7-16/+18/'  +  35°  2Qf'^) 
-i--23"-2x  sin  {8ff"—V]f^'->~'\]r>°  30'); 
of  wlucii  tiiu  hrst  de|>ends  on  a  new  uiKument,  while  the  second 
dspaadi  ob  tbe  argnmeat  of  m  aqoMko  « long  period  b  the  ■otfoA 
of  the  earth,  disoofirvd  by  If r.  Airy. 

As  the  calculation  of  those  parts  of  the  coefficients  which  depend 
on  the  product  of  the  sqnnrc  nnd  cube  of  the  sun's  disturbing  force 
by  the  dltfturbing  force  of  Venus  is  extremely  laborious,  and  is  more- 
over connected  with  other  unpublislied  calculations  of  other  inequa- 
lities of  the  niooD,  it  doei»  not  appear  possible  to  publish  it  at  pre'> 
sent.  Indeed  M.  Htasea  does  aol  oonaidv  himsiif  ebia  y«t  tn 
aaawer  for  their  psrfoet  eorreetaeiSf  Ihoagfa  be  hae  the  strongiit 
reason  to  believe  that  they  are  yery  neaHy  correct.  The  preeeat 
pnpcr  therefore  includes  only  the  calculation  of  that  i)art  of  the  co- 
efficient of  the  iirst  inequality  which  depends  on  tbe  first  power  of 
the  disturbing  force. 

It  appears  difficult  to  abstract  very  completely  the  remainder  of 
this  paper,  but  the  following  indications  will  enable  a  parm  ae- 
qoaittted  with  the  de?elopMits  of  physioal  astroaomy  to  follow  tha 
whole  process. 

Tlie  perturbing  function  il  for  the  moon  ns  disturbed  by  Venu* 
being  formed,  it  will  be  found  tbat  it  may  be  expanded  in  a  rapidly 
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coBVM^af  mnm  ol  tematiafoh  whose  mmieraton!  oantalB  tuccetave 

powers  of  r,  the  moon's  radius  vector,  and  whose  denominators 
contain  different  powers  of  the  same  multinomial  (which,  when  ec- 
cautricities  and  inclinations  arc  omitted ,  i<  a  trinomial)  tiiat  occurs 
in  computing  the  perturbations  of  the  earth  by  Venus.  Upon  ex* 
ptfidiDg  any  of  thaM  inotioai  with  trinomul  deoominator,  thm 
occur  tenns  depending  on  16/~16^.17^''-17^,aiid  18^*— l^t 
ibeo*  upon  tntroduciDg  the  inclinations  and  eccentricities,  the  first 
(smong  other  combiniitions)  will  be  jnoUipiied  by  sin^  }  inclin.  x 
cos  *J^'— 2  y  (where  v  is  the  difference  of  lonp^tudc  of  node  and  pe- 
rihelion of  Venus),  and  also  (in  other  terms)  by  t'^co8  2y  ';  the 

second  by  c  ' .  c'  cos.  -j-g' ;  and  the  third  by  c'  '.  cos  2  Each  of 
these  combinations  produces  terms  whose  argument  is  IH  ff  '—i6 g'» 
Then  upon  nraltiplyuig  these  terms  by  a  power  of  r,  since  the  ex- 
pression far  any  power  of  r  oontsiiis  s.  cos  f,  die  product  will  eontshi 
Isms  dspspding  on  is  (/"—IGg'—g.  'fhe  coefficient  necesBarilj 
contains  one  of  the  following  products  of  three  small  quantities  : 
e.  9in^  ^  inclin..  e  .  e"'^,  e.e  '.e',  (of  whicii  the  first  is  the  moi^t  im* 
portant).  and  it  is  therefore  extremely  small;  but  the  resulting 
|)erturbatiou  ia  made  important  by  the  excessive  »iuallaesb  of  the 
divisor  intrtMhiced  tn  integration.   It  is  well  known  timt  the  dirlsot 

in  this  case  will  be  propor^onai  to  ^18^  ~         —        ;  and. 

If  '* 

taking  for        <^c.«  tlie  value  in  seixagetumal  &ecouU:i  corresponding 

CI* 

to  a  Julian  year. 

^sl295977*4 
m 

^«17179167*4 

at 

lit         dt  it 

In  this  manner  the  gicutest  part  of  the  term  in  question  is  pro* 
dvced.  Other  parts  arise  from  the  ciroamstancs  that,  tbs  disssm* 
sions  of  the  moon's  oilnt  bsing  slightly  alleredr  die  pertorfaoig  foiee 

of  the  sun  upcm  the  moon  is  not  the  same  as  it  would  otherwise  be. 

M.  liansen  remarks  that  this  terra  is  remarkable  as  depending 
upon  hiijhcr  multiples  of  the  anomalies  than  have  ever  Ix  forc  been 
considered,  and  as  having  the  longest  period  in  proportion  to  the 
periodio  tune  of  the  dbturbed  body  that  is  yet  known. 

Hie  term  depending  on  8/'— 13^'  nrisM  mainly  from  the  eir« 
cometanoe,  that,  the  earth's  motion  in  iti  evfait  being  different  from 
what  it  would  have  been  without  the  perturbation  by  Venus,  the 
dit!tnrbin^  force  of  the  sun  upon  the  mooB  is  not  the  ame  as  if  that 
pextttiba^on  had  not  ^x'^^^t 
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M.  Hansen  states  thut  he  has  examined  several  inequalities  of 
long  period  in  the  moon's  motion  which  hitherto  have  escaped  ootioe* 
but  that  in  no  other  instance  does  the  coefficient  amount  to  1*. 

In  caucludmg  the  accouut  of  this  remarkable  discovery,  it  is  gra- 
tifying to  add  that  it  explains  almost  precisely  tbe  observed  laeqna* 
lity  in  the  moon's  mean  motioiit  which<for  the  last  fifty  years  liai 
troubled  physical  astronomers. 

After  the  reading  by  the  Secretary  of  a  portion  of  thi?  paper,  tbe 
Astronomer  Uuyal  gave  an  oral  explanation  of  its  general  subject  in 
the  following  manner • 

The  disturbing  effect  of  Venus  ii|Kni  the  moon  is  not  the  whole 
attraction  of  Venus  upon  the  moon,  but  the  difierence  of  the  two 
attractions,  of  Venus  upon  the  moon  and  of  Venus  upon  tbe  earth. 
Thus,  when  the  moon  is  between  the  earth  and  Venus,  the  attrac- 
tion of  Venus  upon  the  moon  is  stronger  than  that  of  Venus  upon 
the  eartli,  and  therefore  it  tends  to  pull  Vcnu«  uway  from  the  earth. 
When  the  moon  IS  more  distant  from  Venus  than  the  earth  is,  the 
attraction  of  Venus  on  the  earth  is  the  stronger,  and  tends  to  pull 
it  away  from  the  moon,  which,  in  regard  to  tbe  disturbance  of  the 
relative  places  of  the  earth  and  moon,  is  the  «nme  thincr  n<=  jiullin^ 
the  moon  away  from  the  earth.  In  both  theae  positions,  therefore, 
the  disturbing  force  of  Venus  tends  to  pull  the  moon  away  from  the 
earth.  When  the  eerth  and  tbe  moon  are  equally  distant  firom  Venns» 
the  attractions  of  Venus  upon  the  two  are  equal,  but  not  in  parallel 
lines ;  the  attrartions  tend  to  draw  them  along  the  sides  of  a  wedge 
whose  point  is  at  Venus,  and.  therefore,  to  diminish  tbe  distance 
between  them,  or  to  push  the  moon  iotrards  the  earth. 

Inasmuch  as,  iu  one  paii-  of  pobitioas  of  the  earth  and  moon,  the 
disturbing  force  of  Venus  tends  to  increase  the  distance  between 
them,  and  in  another  pair  of  positions  it  tends  to  diminish  tiiat  di- 
stance, it  is  importont  to  ascertain  whidli  of  these  disturbances  is  the 
greater.  Suppose  the  distance  of  the  moon  from  the  earth  to  be 
part  of  Uie  distance  of  the  earth  from  Venus.  Then,  wlieii  the 
moon  is  between  the  earth  and  Venus,  its  distance  from  Venus  is 
^  of  the  whole ;  the  force  upon  it  is  VVVr  ^  i 

the  excess  of  tins  (or  the  disturbing  force  tending  to  pull  the  moon 
away  from  the  earth)  is  or  nearly  ^^^^  ^^^^  earth.  In 
like  manner,  when  tbe  moon  is  further  from  Venus  than  the  earth 
is,  its  distance  from  Venus  is  }~-^  of  the  earth's  distance  ;  the  force 
upon  it  is  of  that  upon  the  earth  ;  the  defect  of  this  (or  Uie 

disturbing  force  tending  to  pnll  the  earth  away  from  the  moon)  is 
Y^fJ^,  or  nearly  1^-  of  that  on  tbe  earth.  But  when  the  earth  and 
the  moon  are  at  equal  distances  from  Venus,  the  proportion  of  their 
relative  approach  (as  produced  by  tbe  action  of  Venus)  to  the  whole 
effect  of  Venus  upon  them,  is  evidently  represented  by  the  inclina- 
tion of  the  two  lines  drawn  from  them  to  Venus,  or  is  tbe  same  as 
the  proportion  of  the  distance  of  the  moon  from  the  earth,  to  the 
distance  of  die  earth  from  Venus,  and  is  therefore  of  the  whole. 
Thus  the  force  tending  to  pull  tbe  moon  from  the  eaitb  at  one  time 
is  about  double  the  force  tending  to  push  the  moon  townrd«  the  earth 
at  another  time ;  and  therefore,  upon  the  whole^  tbe  tendency  of  tbe 
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diiturbing  force  of  Venus  is  to  pull  the  mooii  from  the  earth.  To 
•irife  at  thn  oaodiiHoii*  we  hvrt  oonsidend  only  four  poiute  of  tii« 
moon'a  oibit:  in  other  poiuts  the  effects  of  the  perturbation  aft 
more  complicnted  ;  but  they  do  not  alter  this  general  conclusion. 

Tlie  same  remark  applies  to  the  di*turbinp  effect  of  Wnus  upon 
tiie  moon  when  at  a  ^ven  ^joint  of  its  orbit,  provided  the  nature  of 
that  point  be  6uch  tlmt  at  different  timet$  it  16  iu  all  possible  pu^i- 
tioBA  i«]atiT«  to  Veniis.  For  uittaiioe,  tiio  noon's  apogee  ia  (in 
owMoqaenoe  of  tbe  motion  of  tho  lino  of  apoM,  and  of  tfaa  relative 
motions  of  the  ourth  and  Venus)  sometimes  between  the  «uth  and 
Venus,  sometimes  more  distant  from  Venus  than  the  earth  is,  some- 
times 90^  to  the  right,  sometimes  90'"'  to  tlie  left.  We  may  ajjsert 
therefore  thati  upon  the  whole,  the  disturbing  force  uf  Venus  upon 
tba  moon*  wlwn  dw  la  in  apogee,  tenda  to  draw  her  away  from  Ilia 
earth.   The  same  may  he  prtdieated  when  the  moon  ia  in  perigee. 

Next,  it  it  important  to  aaoertasn  how  the  disturbing  &coe  de- 
pends upon  the  moon's  distance  from  the  earth.  For  this  purpose, 
instead  of  supposing,  as  before,  that  the  motrn's  distance  is  part 
of  the  distance  of  the  earth  from  Venus,  let  us  suj)pose  it  part  of 
that  diatancft.  Then  when  the  moon  ia  between  the  earth  and  Venna, 
the  ibrce  npon  the  moon  ia  ^  npon  the  earth,  and  there- 
fore the  exeeee.  or  the  disturbing  force,  ia  ^Mr*  nearly  of  the 
whole  force  upon  the  earth.  In  the  former  assumed  instance  it  was 
■j^g-.  Thus,  upon  doublinp^  the  moon's  (Ustatice  from  the  earth,  the 
disturbing  force  is  doubled.  And  similarly  for  other  distances  of 
the  moon  from  the  earth,  the  disturbing  force  (in  sinular  positiona 
with  tagard  to  Venua)  ia  proportioiial  to  the  moon'a  diitanoe.  'Ilitia, 
when  the  moon  is  at  apogee,  in  a  given poaitkm  with  regard  to  Venue, 
tlic  dlsturbinc^  force  i6  greater  than  when  the  moon  is  in  pcrit^ec  in 
tlie  same  jmsitlon.  And,  upon  the  whole,  in  nil  possible  relative 
positions  of  the  moon  and  Venus,  the  action  of  Venua  pulls  awuy 
the  moon  from  the  eurth,  more  when  she  is  iu  apogee  than  when  she 
ia  in  perigee. 

Now  we  may  consider  the  general  effect  of  tl      foroea  upon  tlie 

dimensions  of  the  moon's  orbit.  So  long  as  the  force  which  drag's 
the  moon  toward.*;  the  earth  is  always  tlic  same  at  the  «n?iio  distance^ 
the  moon  will  continue  to  describe  an  orbit  of  the  i?aiue  dimensions 
over  and  over  again.  But  li  ul  uny  time  the  force  directed  towards 
the  earth  nuUenly  growa  emaUer,  tiie  moon  wiH  immedkUefy  rtiih  off 
in  an  orbit  which,  on  the  oppoeite  nde,  ii  larger.  If  the  force 
towards  the  earth  jpmim^  grows  smaller,  the  dimenaions  of  the 
orbit  will  grnilually  increase.  And  the  periodic  time  in  the  orbit 
described  at  everv  snccef«!«ivG  revulutiun  will  undercjo  the  change 
corresponding  to  the  change  of  diuieusions  (that  is,  to  the  change  of 
major  azia)  of  the  oihit,  and  will  thereroie  hecome  oontinnally 
greater  and  gnater. 

Theae  are  the  changes  whieh  produce  the  moat  teriouaditturbanoe 
in  the  ajrparent  place  of  the  monn.  If  a  force,  after  actinc^  for  a  lon^ 
time,  prcjducc  a  small  haiic;e  in  the  eccentricity  of  the  moon's  orbit, 
the  eft'ect  on  the  moon's  place  is  Biniply  the  amount  of  the  corre- 
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Bpondiog  cbange  in  tlie  eqmtioD  of  the  centra,  and  cumot  potMj 
exceed  Siat  amount.  But  if  the  fbtee  have  been  for  a  long  thne 
gradually  altering  the  major  axis,  and  consequently  the  periodic 

time  In  the  moon's  orbit,  then  during  the  whole  of  that  time  the 
moon  has  l)ecn  performing  her  revolutions  quicker  or  slower  than  we 
expected,  and  therefore  at  the  tad  of  that  time  she  is  in  advance 
or  in  retard  of  her  expected  place  by  an  amount  equal  to  the  accu- 
mu]atum  of  all  the  advances  or  retuds  In  all  the  revoliitioi»  timragli 
which  the  change  has  been  going  on.  The  planetary  inequalitiea  of 
long  period  are  all  of  this  kind.  The  major  axis  here  plays  the  aanie 
part  as  the  peiidnlum  of  a  clock.  If  a  small  force  acting  for  a  year 
pushed  the  seconds-hand  forwards  by  an  inch,  the  clock  wnuld  be  « 
merely  a  few  seconds  wrong  ;  but  if  in  the  same  time  it  shortened 
the  pendulom  by  an  inch,  the  clock  wonld  have  gained  fifty  hours ; 
and  if  tiie  time  ooenpied  by  the  change  had  been  greatefp  the  dm- 
tntbance  in  the  ckN»:  indication  woiud  have  been  propoftioiiablf 
greater. 

Tn  order  then  to  find  inequalities  oflong  period  in  the  motion  of 
the  ino'iii  [iroduced  by  Venus,  we  must  seek  for  some  alteniatc  in- 
crease and  decrease,  occupying  a  very  long  period,  in  the  force  by 
which  Venus  draws  the  moon  from  tiie  earth. 

No  such  slow  increase  and  decrease  have  been  found  in  the  genenl 
force  by  which  Venus  disturbs  the  mocni.  ' 

The  next  point  of  inquiry  is,  whether  a  combination  of  the  changes 
in  the  force  of  Venus  with  the  clmngcs  in  the  position  of  the  moon 
in  its  orbit  can  produce  a  force,  which,  for  a  very  long  time  together, 
gradually  increases  the  force  drawing  the  moon  from  the  earth,  and 
uien  for  an  equal  time  gradually  diminishes  that  farce. 

A  force  which  acts  in  opposite  ways^  nearly  on  oppowte  sides  of 
the  moon's  orbit  (pulling  the  moon  from  the  earth  on  one  side  and 
pushing  it  towards  the  earth  on  the  other  pide),  mnr  produce  this 
effect,  provided  the  period  of  the  chancre  in  the  nature  of  the  force 
(from  pulling  to  pushing)  correspond  nearlif,  but  not  ejcactly,  with 
die  time  in  which  the  moon  moves  from  apogee  to  perigee.  For 
(as  we  have  seen)  the  effect  of  a  certain  force  H  Venus  is  to  produce 
a  greater  disturbing  force  on  the  moon  at  apogee  than  at  perigee ; 
and  this  force,  or  a  change  in  this  force,  will,  at  apogee,  produce  a 
greater  effect  on  the  dimensions  of  the  moon's  orbit  than  at  perigee, 
both  because  the  disturbing  force  is  actually  greater,  and  because  it 
acta  on  the  moon  when  the  moon's  velocity  is  smaller.  Therefore, 
if  a  pulling  force,  gradually  increasing  in  magnitude,  act  on  the 
moon  at  apogee,  it  will  gradually  increase  the  dimensimwi  of  tite 
moon's  orbit:  if  a  coiresponding  pushing  force  act  at  perigee,  it 
will  gradually  diminish  the  dimensions  of  the  moon's  orbit;  but  the 
former  prevails,  and  the  orbit  will  gradually  increase  in  size.  If 
after  a  time  the  pulling  force  at  apogee  gradually  diminish,  and  at 
length  become  a  pushing  force,  while  the  pushing  force  at  perigee 
gradually  diminishes,  and  at  length  beoomes  a  pulling  fofoe,  then 
the  orbit  will  gradually  diminish  in  size.  And  this  change  of  loteea 
would  be  produced  by  such  a  modification  in  Venus's  fom,  aa  ttmt 
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of  whidi  we  bm  tpoken>  oamcljr,  a  force  which  acts  in  opfKMite 
wayR  on  opponte  aidfis  of  the  moon's  orbit,  and  in  which  the  period 
in  the  change  of  the  nature  of  the  force  ooinoides  WHorhf,  bnt  not 

crarfh/.  M'irh  the  time  in  the  moon  movp^  fmm  npogee  to  ]>e- 

rigce  ;  for  then  the  pulling  force  at  apogee  will  after  a  long  time  be 
changed  to  a  pushing  force,  and  the  pusliing  force  ut  perigee  will  in 
the  same  time  be  changed  to  a  pulling  force.  If,  for  instance,  the 
change  in  the  diaturhung  forces  of  Venos  (from  poshing  to  pulling) 
ooenpied  fonrtsen  days  exactly*  and  if  the  moon's  motion  from  apo« 
gee  to  perigee  occupied  fourteen  days  and  five  minutes,  then  in  4032 
anomalistic  semi-revolutions  of  the  moon  (which  would  bring  her 
I  from  apogee  to  apogee),  there  would  have  been  4033  cliangcs  of  the 

force  (which  would  change  it  from  puUiug  to  pushiug),  and  there- 
fore in  this  time,  and  no  socmer,  a  complete  pulling  force  at  apogee 
would  be  changed  to  a  complete  pushing  force  at  apogee. 

It  if)  necessary  now  to  ])oint  out  how  sudi  a  nuxUfication  of  the 
force  of  VenuF  can  be  found. 

The  only  disturbing  forces  uhich  arc  yet  completely  brought  under 
ttie  management  of  mathematicians  are  of  two  kinds  ;  a  constant 
force  (always  pushing  or  always  pulling  with  the  same  amount  of 
force),  and  a  force  altemately  pushing  and  pulling,  having  equal 
periods  and  equal  maximum  magnitudes  in  each  state.  The  latter 
»  of  these,  if  projected  graphically,  with  the  time  for  abscissa,  is  re- 

presented by  the  ordinates  of  a  isae  qf  Mme$ :  algebraically,  it  is  es- 
pressed  by  a. cos  {bt  -\-c). 

Now,  while  the  relative  positions  of  the  earth  and  Venua  change, 
the  disturbing  force  on  the  moon  (estimated  by  the  force  which,  on 
the  whcde,  it  exerts  to  pull  the  moon  from  the  earth)  undngoes  veij 
great  changes.  When  Venus  is  nearest  to  the  earth,  this  force  is 
about  2.10  times  as  great  as  when  Venus  is  furthest  from  the  earth. 
It  declines  very  rapidly  from  its  greatest  magnitude.  If  therefore 
we  represent  the  disturbing  force  from  one  conjunction  to  the  next 
by  a  curve,  this  curve  will  be  very  hxgli  at  the  beginning  and  cud, 
and  very  near  the  line  of  abscissa  at  the  middle,  and  tlffough  the 
greater  part  of  its  extent. 

The  separation  of  this  force  into  a  number  of  different  forces,  fol- 
lowing the  two  laws  mentioned  above,  is  effected  by  a  process  sug- 
gested and  facilitated  by  algebra,  but  in  which,  nevertheless,  every 
step  has  its  physical  meaning.  It  may  be  stated  at  once,  that  this 
remark  applies  universally  to  the  algebraical  operations  of  physical 
mathematics.  As  a  simple  instance,  we  may  refer  to  the  equation 
(a +6)3=  a'  +  3  a«  6  +3  a  6« whieh  probably  was  suggested  by 
algebra ;  but  which  may  be  illostrated  by  taking  a  cube,  whose  side 
is  a-^h,  and  (by  tinee  saw-cuts)  cutting  it  into  eight  pieces,  \vbcn 
the  single  piece  representing  the  three  j)ieccs  each  representing 
o'6,  the  three  pieces  each  representing  ab^,  and  the  single  piece 
representing  6^,  will  be  found.  And  there  is  perhaps  no  better  dis- 
cipline for  the  mind  than  thus  tracing  the  evidence  of  the  troth  of 
eIl^  I)ra»  espedaUy  an  its  more  profound  processes. 

I'hc  separation*  then,  of  the  force  of  Venus  goes  on  bj  the  fol- 
lowing st^:*» 
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lit  A  eomlnit  puUing  loioe»  ^qpial  to  tiM  mma.  nine  of 

force. 

2nd.  A  force  pulling  when  Venus  is  in  conjunrrion,  ]>iishing  at 
the  time  intermediate  to  the  conjunctions,  and  ])uliiiig  wlien  Venui? 
is  in  conjunction  ngaia  i  thus  going  completely  througU  chmgt^ 
between  ccmjunotioii  tad  coiyunetioiu 

3rd.  A  foTM  paUing  when  Venue  ie  ia  ooiQaiiQtios»  then  pvahinf  , 
&c.,  going  through  its  changes  twice, 

4th.  A  force  pulling  when  Venus  is  in  flOI^UlUltiM|«  tluilpualttaff* 
&c.,  ::!:f  ir;:!-  througli  its  changes  thrice. 

In  tliis  miinuer  the  forces  goon,  continually  diminishing  in  umgni- 
tude.    When  wc  anive  at  the  ISth,  the  force  is  extremely  fimalK 

The  algehnicil  eipreieion  for  the  coiieetion  of  theee  femna,  pttt> 
ting  ft  for  the  difference  of  mean  longitude  of  the  earth  and  Venues  ia 

A+B.co8fl-|-C.co8  2fi  +  D.cos3  9  +  &C. 

This  is  on  the  supposition  that  the  orbits  of  the  two  pl  mfts  are 
circular  and  in  the  same  plane.  But.  in  consequence  of  their  eccen- 
tricities :ind  inclinations,  the  forces  of  uny  one  system  alterofitely 
pufthiug  uud  pulling  (Noa.  2,  or  3.  or  4,  &c.)  will  not  have  the  aaaie 
aiajiiwaai  magnitude  tfavoughout  But  each  can,  in  all  eaeea,  be 
expfeaaed  by  the  ccmbinetion  of  three  such  fbroea»  an  eaoh  of  which 
the  maximum  forces  arc  cqnul  throughout.  Thus,  if  we  combine  a 
hirgc  force,  going  throuali  its  changes  twenty  times  in  a  certain 
period,  w  ith  a  small  force  going  througli  its  changes  ninf^teen  timeg 
in  the  same  period,  and  another  small  force  going  liirough  its 
ehanns  tweaty-'One  timea  in  the  aamc  period,  then  it  will  be  Jbood 
that  both  the  small  foroea  ineraaaa  tlie  large  lime  (whetiier  In  its 
pulling  or  in  its  pushing  state)  near  the  beginning  and  the  end  of 
the  time;  that  both  dimiin-^h  rlie  large  force  near  the  mMdle  of  the 
time;  and  that  the  two  small  ones  dc&troy  each  other  at  a  quarter 
and  three-quui  ter^s  of  tha  time,  i  lie  effect  of  this  combination  is 
therefore  precisely  such  aa  is  spoken  of  above. 

ThuB,  then,  for  the  complete  expreaaion  of  the  foree,  we  «• 
driven  to  an  infinite  number  of  forcea  following  thelaw  of  alternately 
pulling  and  pushing,  but  with  very  great  variety  of  magnitudes  of 
force  and  of  periodic  time.  The  greatest  portion  of  these  produce 
lio  i^ensiblo  ellect ;  aomv  because  (though  their  magnituden  are  large) 
tlicy  act  lor  30  short  time  iu  one  \\ay«  or  their  pcriou&  are  to  little 
related  to  the  periodaitf  any  movaoMnt  of  the  moon,  that  their  effiMta 
nem  eeonmnlate;  othera  becanae  their  magnitndiea  aie  aaull,  aad 
there  is  no  unusual  circumstance  favourable  to  their  increase. 

But  there  in  unv  of  these  forces  which,  in  the  algebraical  expres- 
sion, depends  on  I  S  x  mean  longitude  of  Venus  — 10  X  mean  lon- 
gitude ot  tlu'  eiii  lh,  \\  hose  coL  Hieieut  is  exceedingly  !»mall,  but  wliich 
goesi  linougli  all  iU  ciiaiigea,  fioia  pulling  to  pulling  again,  iu  the 
tiBMt 

or  from  pulling  to  pushing,  in  the  time 

la*^  18^  aa*"  47»-8, 


Digitized  by  Google 


Now,  iht  MwiBwiKiUc  fgf <ji«lion  of  tlie  noon,  fbom  apogee  to  apogeo 
•gpiik,  k  ptrftniiMd  In  tlw  tiiDt 

or  iiom  upogee  to  peri^c,  in  the  time 

IS**  18«»  39"  16"-1. 

Here  we  have  a  real  instance,  exactly  corrpspondiug  to  the  case  which, 
for  the  sake  uf  explanation,  we  assumed  a  short  time  back,  and  the 
results  are  truly  such  %M  wtm  tiiere  described*   During  about  4000 
hal^revolatloiis  of  the  moon,  or  2000  rerolvtions,  the  polling  force 
at  apogee  is  gradually  diminishing  till  it  becomes  a  posfaing  faiee, 
and  during  about  2000  more  revolutions,  the  pushini;  f  v^cc  at  iqx^ee 
is  gradually  diminishing  till  it  hccome?  nj^in  a  pulling  force ;  the 
opposite  changes  going  on  in  the  force  at  perigee  :  and  thus,  for 
reusous  fully  explained  before,  the  moon's  orbit  is  gradually  cou- 
traoting  dnnng  2000  reTolntians*  and  gradually  expanding  during 
2000  revolutions  more.    And  although  the  change  in  the  Size  of  the 
orbit  is  totally  insensible  in  observation  (for,  according  to  a  rough 
calculation,  the  utuio.^t  accumnlafion  of  change  in  the  major  axis  of 
the  moon's  orbit  is  only  ten  ferf,  sometime?  in  increase  and  sonic- 
times  iu  decrease),  yet  the  consequent  alteration  in  its-  periodic  time, 
continued  through  so  many  revolutions,  is  sufficient  to  cause  the 
ifrmlaiity  in  question.  The  inequality  in  longitude,  as  mensnred 
on  tne  moan's  orbit,  exceeds  thirty  silfct,  sometimes  inedvince,  and 
sometimes  in  retard. 

For  n  complete  understanding  of  this  matter,  it  mii?t  carefully  be 
borne  iu  miud  that  tlie  force  at  the  apogee,  which  has  hcen  described 
asapushiug  force  through  13G  years,  is  not  absolutely  a  pushing 
foroe  tluough  every  monOi  of  that  time,  but  that  (in  consequence  m 
the  motion  of  tiie  moon's  line  of  apses)  if  we  take  any  period  of  nine 
or  ten  years,  the  moon's  apogee  wul  in  that  time  have  passed  through 
every  position  with  regard  to  Venus,  and  therefore,  upon  the  whole, 
during  that  period  of  nine  or  ten  years,  the  force  at  apogee  will  have 
been  a  pushing  force.  In  like  manner,  in  another  period  of  136 
yearsf,  if  we  take  auy  period  of  uiue  or  teu  years,  uj^an  the  whole, 

during  that  period  of  nine  or  ten  years,  the  force  at  apogee  will  here 
been  a  palling  ibree* 

The  general  cause  of  the  inequality  depending  on  the  aigailient 
8y"  — 13  y',  luii-  been  sufficiently  stated  in  oneof  the  lastpangrtphs 
ui  the  absUact  of  M.  Hansen's  paper. 


LXIII.  Intelligence  and  Miscellaneous  ArticLei* 

ON  TH«  OBLATtlfOVe  eVBiTAMCn  OW  VBOBTABLtfl. 

MFHEMV,  in  a  memoir  read  before  the  Academy  of  Sciences, 
•   has  atthred  at  the  feUowiag  eondBiione:^ 
let.  Ilkere  exists  hi  vegetables,  ahmg  with  ecAulose,  a  substenee 
which  is  insoluble  in  water,  alcohol  and  aether,  wliich  tiie  anchor 
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OBines  peetote,  and  which*  b  j  the  aelion  of  the  weakest  adds*  is  eon* 
verted  into  pectin.    Diluted  ncids  produce  this  effect  only  at  the 

tcmpemturc  of  ehullitlon  ;  and  acetic  acid,  wliich,  ns  is  well  known, 
does  not  act  iij)on  starch,  is  also  without  action  on  j>ect08e.  Pecto?e 
cannot  be  confounded  with  cellulose,  for  the  latter,  as  was  ascer- 
tained by  M.  Fayen,  gives  no  traces  of  pectin  when  treated  with 
adds,  M.  Firemy's  experiments  confirm  uose  of  M.  Payen. 

2nd.  The  author  has  found  in  the  greater  number  of  fruits  and 
roots,  an  amorphous  substance,  comparable  to  ferments,  and  espc- 
ciall}'  to  diastase:  the  gelutinou;:  substances  cont-iiiifd  in  vcg-ctablcs 
experience  by  its  action  a  series  of  i:?onieric  tran«toriiiations.  This 
substance  M.  Fremy  calls  peclase  ;  iu  acting  upon  the  gelulinous  sub- 
Stances  it  gives  rise  to  the  Afferent  phsniomena  which  oonatittttB 
pectic  fermentation. 

3rd.  The  nc'uh  which  arc  employed  to  convert  pccto«c  into  pectin, 
may,  according  to  their  nature  and  proportion,  form  ditYcrent  sub- 
stances, each  of  which  possesses  well-defined  distinctive  properties. 
Thuij,  wheu  the  acid  in  very  weak,  pectin,  properly  so  culled,  is  ob- 
tained, which  does  not  render  acetate  of  lead  turbid.  If  the  add  be 
more  concentrated,  or  if  the  ebullition  has  been  longer  continued, 
the  substance  formed  precipitates  the  neutral  acetate  of  lead ;  this 
substance  the  author  calls  parapectin ;  and  lastly,  by  employinj^  a 
powerful  acid,  a  third  substance  may  be  formed,  which  is  distin- 
guished by  the  name  of  metapectia ;  tins  is  feebly  acid  to  coloured 
t^t-papers,  and  precipitates  chloride  of  barium ;  the  other  com- 
pounds are  neutral. 

4th.  If  a  small  quantity  of  pectaso  be  added  to  a  solution  of  pec- 
tin, and  the  temperature  be  kept  at  about  F.,  the  pectin  is  soon 
observed  to  change  into  a  gelatinous,  consistent  substance.  'lids 
curious  transformation,  which  explains  the  production  of  vegetable 
jellies,  may  be  eflected  witluNit  the  contact  of  the  air;  tJiere  nre 
formed  intiiis  ease  two  acids :  one  IS  new,  and  termed  jMctonc  aci^ 
and  the  other  is  pectic  acid.  Pectoi^ic  acid,  which  might  be  oon* 
founded  with  jyectic  acid,  is  immediately  distin^ishable  from  it  by 
its  perfect  solubility  in  boiling  writer.  In  the  reaction  of  pectnse 
on  pectin,  pectosic  acid  is  first  produced,  and  is  afterwards  changed 
into  pectic  acid  by  the  prolonged  action  of  the  pectase.  The  free 
alkalies  or  their  carbonates  are  capable  of  converting  hi  'tiie  odd, 
pectin  at  first  into  pectosates  and  afterwards  Into  peetetes. 

The  phrcnomcna  now  described  are  ?o  easy  of  obscn-ation,  accord- 
ing to  M.  Fremy,  and  characterize  pectin  5:0  distinctly,  that  lie  finds 
it  ditlicult  to  imagine  how  in  later  times  pectin  has  bccu  confounded 
with  gums,  mucilages,  and  especially  with  pectic  acid,  which  is 
insolnUe  in  water. 

The  author  has  particul  ily  examined  p^tic  acid,  and  b  of  opinion 
that  he  has  overcome  the  difficulties  attendant  upon  its  analysis,  and 
especially  the  determination  of  its  equivalent.  He  has  also  found 
that  pectic  acid,  heated  to  3f)2°  F.,  lo.«es  water  and  carbonic  acid, 
and  a  new  pyrogeuoUi»  uciU,  which  he  culls  pt/ropectic  acid,  is  pro- 
dnoed. 
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Pectic  acid  possesses  the  singular  property  of  dissolving  in  con- 
sideraiili'  qiKintity  in  iieutnil  or  acid  suits  ;  it  tlien  forms  com- 
jiouDdii  precijiitable  as  jellies  by  alcohol ;  these  precipitates  are 
olteii  mixed  witii  pectin,  render  it  geladnous,  and  furevent  lyjr  their 
pKNooe  the  reoGgnition,  hj  means  of  dementaiy  analysis,  of  the 
simple  yelationa  which  comieet  peetin  with  the  other  gelatanona 
bodies. 

nth.  The  L^^chitinous  bodies  may  undergo  a  last  period  of  trans- 
formatioD,  and  he  changed  into  two  very  soluble  and  energetic  acids. 
It  is  sufficient  to  boil  pectic  acid  in  water  for  a  certain  time  to  con- 
vert it  into  an  acid,  called  by  the  author  parapectie  add,  and 
into  another  acid  termed  metapecth  add.  The  parapectie  and  meta» 
pectic  adds  are  also  formed  during  the  action  of  acids  or  alkalies  on 
pectin  or  pectic  acid  :  the  pcctates  may  by  long  boiling  ho  con- 
verted into  mctapectates.  Tlicsc  two  acids  nre  readily  distinguished 
from  each  other ;  for  the  first  precipitates  bary tes  water,  and  the 
aeoend  doea  not ;  they  decompose  the  double  tartrate  of  copper  and 
potash,  as  gluooae  does.  To  be  certain  that  this  property  was  not 
derived  bom  the  presence  of  sugar,  the  author  had  recourse  to  a 
polarizing  apparatus  and  the  action  of  yest.  Guided  by  the  advice 
of  M.  liiot,  M.  Fremy  found  that  the  parapectie  and  metapcctic  acids 
effected  no  rotary  actiou  on  polarized  light,  and  that  the  presence  of 
yest  produced  no  traces  of  fermentation. 

6th.  After  having  eiamirasd  all  the  properties  of  the  gelatinous 
bo^fls,  and  found  that  by  employing  very  weak  agents,  comparable 
to  those  which  exist  in  vegetables,  their  acidity  might  be  suc- 
cessively developed,  and  frot^i  neutral  bodies,  which  they  originally 
were,  they  might  be  Lrausiormed  into  energetic  acids,  the  author 
examined  whether,  during  the  act  of  vegetation,  gelatinous  substances 
dkl  not  nndergo  changes  comparable  to  those  which  he  had  pro- 
duced artifiaiaUy.  On  following  for  two  years,  with  this  intention, 
the  modiiieatioiis  which  are  effected  in  fruits  during  their  matonu 
tion,  M.  Fremy  found  that  the  gelatinous  bodies  which  occur  in 
them  could  pass  through  the  different  intermediate  states  which  he 
has  described;  thus  green  fruits  contaia  abundance  of  pectose.  As 
maturation  advances  the  pectose  is  changed  into  pectin ;  and  when 
the  fritita  are  perfectly  ripe,  the  pectin  is  fineqnently  completely  con> 
Wted  into  metspectic  acid.  The  modifications  exanuned  in  this 
memoir  are  then  precisdy  those  which  occur  during  die  maturation 
of  ft'uits. 

The  author  found  in  the  numerous  analyses  which  he  performed 
that  the  composition  of  the  gelatinous  bodies  could  not  be  repre- 
sented by  carbon  and  water,  and  consequentiy  that  they  were  fer 
removed  from  neutral  bodiea,  properly  so  called.   Aa  experiment 

always  indicates  a  larger  quantity  of  hydrogen  than  really  exists  in 
organic  bodies,  the  author  states  that  he  cannot  attrttmte  the  differ- 
ence which  he  has  obtained  to  an  error  of  analysis. 

The  table  presented  to  the  Academy  shows  that  all  gelatinous 
substances,  similar  to  those  which  lure  derived  from  starch,  are  iso- 
meric, or  at  least  Hmy  differ  only  by  the  elements  of  water,  litis 

s 


Digitized  by  Google 


BOS  Inielli^ence  and  Miscellaneous  Arlicles. 


result  Tinu;ht  be  foreseen ;  for  when  a  mixture  of  pectaee  and  pectin 

is  put  into  a  bottle,  and  it  is  licnnctically  eealcd,  the  pectin  is  sue-* 
cessively  converted  intu  ju'ctosic,  j>ectic,  parapectic,  and  ixieta|«ctit 
acids,  witliout  forming  any  secoudary  product. 

The  capacities  of  aaturation  given  in  tiie  following  teiUe  {Hove  tlwl 
the  oddity  of  the  gelatinons  bodies  inoraases  In  firt^iortion  -as  tfaeir 

equivalent  diminishes.  Thus  parapectin,  the  equivdent  of  which  is 
very  henvy,  forms  a  neutral  salt  with  lead  which  contains  10  per 
cent,  of  oxide,  and  does  not  redden  tincture  of  litmus;  and  meta<- 
nectic  acid,  tlie  equivalent  of  which  is  very  light»  produces  a  suit  of 
lend  which  contains  67  of  oxide,  and  its  addity  fweinhlfi  dint  of 
malic  or  eitrie  acid. 

Names  of  the  g«]a>     Coinp<»Biii<Ni  of  the        Compcmtioo  of  the 
tinoua  iuUstances.      gelatinous  substaneci*  salts  of  lead. 

Pectose 

Pectin  H^  'O'^  8H0 

Parapectin  C^-*  H^"  O  ^  8H0  H^oO^e.  /HO,  PbO 

Metapectin  H^"  O^,  8H0         H*o  O"^*,  6H0  2PbO 

Pectosic  acid  ....       H^^       3H0    C'^  h^o  o«.  HO,  2PbO 

Pectic  add  0"  H*>  0««,  aHO    C«  H«»  0«  2PbO 

Parapectic add  C  Mi'^O*',  2H0  C«< H'* O^'.  2P1)0 
Metapectic  add . .  C*  H»  0\  2H0    C>  H'^  0\  2PbO 

M.  Fmny  states  thai  iiie  fomnla  of  peetie  add,  whidi  ha  has 

here  adopted,  gives  in  100  parts  exactly  the  same  quantities  as  de<- 
tennined  by  M.  Regnault,  and  as  poUlshed  bj  himself  in  his  first 
memoir  on  t^chitinoue  bodir« 

The  author  concludes  tiiat  lie  has  succeeded  in  proving  tln^  vege* 
tables  contain  a  neutral  insoluble  substance,  which  is  convertible 
during  vegetation  into  an  energetic  add.  CwwifM  Emkk»,  Jnhi  14« 
1M7. 


PRSPARAnOV  or  F1I0T0»D£  OP  TIN. 

M.  Rot!)  gives  tlie  folio  wing  process  for  preparing  the  red  prot* 
Mtide  of  tin The  white  hydrate  is  co  be  prcpaied,  and  after  beisif 

welKwashed  It  is  to  be  digested  nt  13:'/^  P.  in  a  solntion  of  prot- 
acetate  of  tin,  with  a  slight  excess  of  acid,  and  of  specific  gravity 

about  \*0f).  The  protoxide  is  then  converted  into  hard  heavy  'ir-unm, 
which  \  ichl  a  gri«.'iii.sIi-!>rown  powder;  these  grains  inllanu;  wlien 
heated,  and  readily  blacken  in  the  i»un»hine.  Titey  behave  with 
reagents  like  common  protoxide«^Jb«ni.  Pk,  et  dir  Ck^  AoAl 
1847. 


ON  THE  PIltSEMCE  OF  ARSENIC,  COPPER  AND  TIN,  IN  THE  , 
MIVftRAL  WATBRa  OF  BA¥AftIA« 

According  to  the  expeiinncnts  of  M.  Bnchner,  Jun.,  the  brown» 
ish-vellow  ochrej  deposit  of  the  springs  of  Kngoczy  andof  ffndottTi 
at  Kissingen,  contani  only  doobtfiil  traces  of  copper ;  bai  they  een« 
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metal. 

The  reililisli-brown  ochre  of  the  fcrrn^tnoua  sprinc^  Bnickcnau 
contains  more  traces  ofarsonic,  hut  tliere  is  much  co}.j)  r.  i  ii)  has 
been  die»covered  in  the  ochres  oi'  Kissingeii  and  of  BruLktnau.  Ex- 
periroents  performed  to  ascertaiii  tlie  |>r«;&eiice  oi' arsenic  and  co|iper 
m  browiiiib-j«Uow  odtre  of  tlio  femigioo—  mtm  of  KoUboiig 
were  not  feUoivM  by  any  potitivo  miilti»— ^^^Nifii,  dt  Pk.  H  dt  CA., 
Aodt  1847. 


SOLUBIUTT  OF  COMUOM  UAVS  IIT  ALCOHOL. 

M.  Wagner  has  determined  the  degree  of  solubility  of  chloride  of 
todiiin  in  deoM  of  ^Hftrmi  demitira  and  at  TarioiM  ttmparalofM. 
The  molii  are  tlioi^ 


Aleoliol  of  75  pel  cent,  disisoivea  at  57*£0  1'.  0*601  part  of  salt* 


■  •  •  • 


75 
75 
75 

W-5 


•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 


100-40 
160*70 
59-0 
17l^05 


0-736 
1*035 
0*174 
0*171 


ON  SOME  IMPUOVF.D  FOinrs  OF  CHFMICAL  APPARATUS. 
BY  THOMAS  TAYLOU,  ESO. 

Among  the  many  advantages  possessed  by  the  Chemical  Society, 
it  appears  to  me  not  the  least,  that  it  affords  to  its  members  a  ready 
mode  of  coiumunicatlng  to  one  another  many  of  those  little  practical 
iacti  and  modes  of  opmtine,  which,  although  perhaps  not  of  snffi- 
dent  importance  to  merit  dtttinct  notice  in  the  acientific  jonmals. 
are  neverthcleas  of  ccmaiderable  value  to  those  engaged  in  the  proae* 
cution  of  tliC  science.  In  furthcmnce  of  thl.^  view  I  will  therefore 
describe  some  new  forms  of  ap|)aratus  which  1  have  myself  been  in 
tlie  hubtt  uf  Ubing  fur  some  time  pmt. 

The  first  of  these  is  a  mode  of  closing  the  mouthb  of  gas-buttlea, 
or  indeed  of  any  wide^montiied  Tetael  into  wMek  tnbee  an  to  paHy 
as  in  Woolf 's  apparatus,  gas  generators,  &c.  To  eflfect  this  tiie  top 
of  the  bottle  is  first  to  be  slightly  groond«  so  as  to  procure  a  level 
surface,  a  piece  of  sheet  caoutchouc  is  then  laid  upon  it,  and  this  is 
covered  by  a  <Hsc  of  wood  of  the  5?ame  bize  ai  the  top  of  the  bottle, 
and  from  a  quarter  to  half  aii  inch  iu  thickuei>s.  The  wooden  cover  is 
held  in  its  place  by  means  of  a  small  double  clamp  of  brass  or  of 
Tanuthid  ahaet  iron,  which  passes  across  the  and  the  ends  of 
vhiob  axe  bent  nnder  the  hm  of  the  hottle,  against  which  they  are 
pressed  by  s  screw  fixed  in  the  centre  of  the  clamp.  By  turning 
tiie  screw  the  caoutchouc  is  snffiricntly  compressed  to  render  the 
joiut  p«x^cUy  air-tighL  The  tubes  itUended  to  pass  intg  ami  out 
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of  the  botde  ue  oenoited  lato  the  woodan  cofo;  oiollf  on  imm 

side  of  the  clamp ;  and  they  pass  of  course  throo^h  corresponding 
holes  in  the  caoutchouc.  By  making  these  holes  somewhat  smiUler 
than  the  diameter  of  the  tubes,  the  caoutchouc  ccjiitiacts  so  closely 
around  them,  that  not  only  is  aiiy  liquid  which  ixiight  be  accidentally 
tfaiown  up  dfeetnally  prerroted  nom  gettiiig  between  the  oaonteiMNio 
•nd  tlie  wooden  cover,  Imt  the  Decessity  of  cementing  the  tube  into 
UiO  cover  WKf  be  even  dispensed  ynSh*  Thx%  method  it  eo  effectual 
and  easily  arranged,  that  I  am  quite  convinced  it  will  supersede  the 
ii?e  of  corks  in  the  preparation  of  all  gases  which  only  require  the 
application  of  a  moderate  heat  and  do  not  act  upon  caoutchouc. 
Onmnd  plass  plates  might  of  course  be  subetituted  where  caoutchouc 
k  InappiiCTMe,  or  a  ihMt  of  grooad  glaea  mtgfat  be  cemented  npon 
the  lower  part  of  the  wooden  cover ;  but  these  modes  would  be  ratiher 
expensive,  and  the  cases  in  which  they  would  be  required  are  not 
very  numerous  In  small  botdes  the  use  of  a  clamp  is  not  essential, 
as  sufficient  pri'>-ure  may  l»o  obtained  by  inserting-  two  wedges  of 
wood  beneath  a  stiiug  tied  around  the  neck,  and  uvcr  the  tup  ui  the 
bottle. 


Tto.  1.  A  damii  «f  Aaet  faoB  havfag  a  naill  emtie  «f  Ihm  B»  ia  wUdi  tlw 

screw  c  works.  D diic of wood.  B ihoel of eaoalclioae.  Fi^boMe.  OH 

glau  tubes. 

I  will  next  direct  the  attention  of  the  Members  to  a  new  mode  of 
cupelling,  or  rather  to  a  new  form  of  muffle.  Cupellation  ia  an  ope- 
ration not  offcn  ]ierformed  by  amateurs,  chiefly  I  believe  on  necount 
of  the  dithcull}  ]n  doing  it  miless  provided  with  fumai  id  built  ex- 
pressly for  the  purpose.  The  follownig  plan  1  iuvve  found  to  afford 
most  accurate  results,  while  it  may  be  performed  in  almost  any  fur- 
nace The  montha  of  two  black  lead  cmdblea  of  tiie  aame  eise  are 
to  be  ground  flat,  so  that  when  applied  one  to  the  other  they  may 
stand  quite  steady.  An  oblong  or  semicircular  notch  is  to  be  cut 
out  of  the  mouth  of  one  of  die  crooiblca,  and  n  hole  ia  alao  to  be 


Digitized  by  Google 


Jtiieliigence  and  MiscelUmeom  Ai  ticUs.  395 

drilled  thnnigh  its  bottom.  This  omoible  wben  placed  upcm  the  top 

of  the  other  constitutes  the  muffle,  and  of  course  resembles  in  shape 
a  skittle.  To  ctipel  with  this  apparatus,  the  lower  cnirihle  i«  nf>nrly 
filled  with  clean  sntid,  set  upon  the  bars  of  the  grate  in  the  centre  of 
the  furnace,  and  brought  to  a  low  red  heat.  The  cupel  coQtainiag 
the  lead  and  the  alloy  is  then  placed  upon  the  sand  and  immediately 
comed  the  other  eniolble»  taking  care  thai  the  noteh  in  its  side 
shall  be  opposite  to,  and  correspond  with  &e  furnace-door ;  more 
fuel  is  added,  during  which  it  is  well  to  cover  the  hole  in  the  t<^ 
of  thr  muffle  with  a  crucible  lid,  in  order  to  prevent  the  admission 
of  dirt.  When  the  innffle  has  become  throiiLrhout  of  a  bright  red 
heat,  the  furnace-door  ib  thrown  open,  and  tlic  i:j:nited  fuel  gently 
moved  aside,  so  as  to  pcrm.it  a  view  ui  LUe  side  opening  in  the 
muffle.  'Hm  coirent  of  air  whioh  m  tiina  establttfaed  through  the 
muffle  inatantiy  oanaea  rajM  axtdation  of  the  lead,  and  thii  may  be 
regulated  at  pleasure  by  closing  the  door  moie  or  less.  If  from 
the  fuel  falling  down  any  difficulty  should  be  experienced  in  mun- 
tf\iriiTig  a  free  passage  for  the  air,  a  })ortion  of  a  porcelain  tu)>e  or  n 
gun-barrel  may  be  pas.sed  through  the  furnace-door  to  within  an 
inch  of  the  muffle ;  but  this  proceeding  is  generuily  rendered  quite 
unnecessary  by  taking  care  to  place  some  large  pieces  of  coke  im- 
mediately aroimd  the  door  of  the  fomaee. 

In  many  cases  it  will  be  found  advantageous  to  convert  the  lower 
cmcstble  itMlf  into  the  cupel  by  first  half-filling  it  with  Mttd  and 
then  ramming  in  pounded  bone-earth.  I  have  found  the  above  me- 
thod to  possess  the  folIowinG^  advantages  : — In  the  first  j)lace,  the 
crucil)los  may  he  mnintniu(  d  at  a  much  higher  temperature  than  can 
be  readily  ubtaiaed  when  the  ordinary  muiHe  is  used,  while  the  de- 
gree of  heat  ihid  the  mantitT  of  air  admitted  may  be  regulated  witii 
Sie  greafeeat  nicety.  Seoondly,  owing  to  the  greater  drangfat  of  ahr^ 
the  oudation  of  tiielead  is  more  quickly  emoted;  and  mstly,  by 
looking  through  an  opening  in  the  furnace  cover,  the  opentioii  may 
be  wntehed  from  first  to  laat. 


Fig.  2.  A  H  ItlacV  lead  crucihles.  C  the  iipp^r  npcninr.  D  the  lower  openiagv 
B  the  cupel,   lh«  tioued  aemiciicle  rej^r^seuU  the  ^ilioa  of  the  furnace-door. 
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Improved  Form  of  Messrs.  WilFs  and  Varrentrapp* s  Apparatus. 

The  only  iiiconvetiienco  I  have  found  in  the  process  proposed  by 
Dis.  Will  und  Varreiitrai)])  for  the  estiuatiun  of  mtrogeti  in  orgauic 
bodies,  ia  the  liability  of  the  liquid  in  the  condense  being  thrown 
book  into  iht  ODii>biiitum«tabe  bjr  fnddm  ftbiorptioa  taking  place, 
or  from  too  noleat  an  c  volutioiiof  the  gaaia»part  of  it  bebg  ^looted 

from  the  other  extremity  of  the  condenser.  So  well-aware  "were  its 
nuthor-'  of  ihiu  inconvenience,  that  llicy  rcrnmmend  in  the  aTnly^es 
of  aubslaiices  rich  in  nitrogen  the  intrudactiuu  of  eugai,  oi  i?omo 
otlier  body  abounding  in  carbon,  into  ih^  combustion-tube.  I  ha?e 
Ivund  that  tfaa  noeeaiity  of  th»  additioB»  wUdi  ti  of  eomo  open  to 
many  objectiona.  Buy  be  antifily  ttvoided  by  using  a  eondmMr 
nearly  three  times  as  large  as  that  generally  employed,  and  by  sur* 
mounting  eneh  of  the  bulbs  with  another  bulb  of  about  half  its  ca« 
pacltv.  Tlie  opening  between  the  bulbs  should  be  very  wide,  they 
beiu^r  run  into  one  uuotlitir  in  the  &aine  manner  aft  in  the  lower  bulbil 
of  liiebig's  polaali  apparatna.  With  «  oondanaar  oC  Hub  doieriptioQ, 
the  hufga  huba  baing  If  inch  in  diamet^  and  abent  4  indiaa  apart, 
I  have  never  experienced  the  least  afloidant,  nor  am  I  compelled  to 
pay  that  constant  attention  to  tlie  ]>rnj!rrp«''  of  the  combustion  whioh 
Drf.  Will's  and  Varrentrapp's  cmuiemer  utually  rcquifea* 


Kg.  a. 


Mr.  Taylor  alto  exhibited  a  amall  instrument  for  holding  Da- 
gucrreotjrpe  platea  during  the  process  of  washing  oiF.   It  consisted 

of  two  pieces  of  brass  or  ]>laited  wire  fitted  into  a  wooden  handle. 
One  of  the  wires  is  bent  into  the  fonn  of  an  acute  triangle,  its  base 
being  slightly  turned  up>  so  as  to  form  a  ledge  for  the  silver  plate 
to  rest  upon.  The  oner  trim  la  placed  between  the  odea  of  the 
triangle  cnrved,  so  as  to  fom  a  spring*  which  rests  upon  the  top 
of  the  plate,  and  keeps  it  in  its  place.  By  ini^erting  the  £ne>finger 
in  the  loop  of  the  spring,  the  pUte  fltty  be  shaken  violently  without 
becoming  dislodged. 

Fig.  4. 


From  the  Frocwdiiuft  of  the  Chemical  Society* 
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PBBPARATION  km  GOMPOtlTION  OF  LIONIIT. 

MM.  Poumardde  and  Figuer  siaie  as  a  test  of  tiie  purity  uf  lignin, 
thai  when  imnierMd  in  coDceotrated  aulpharie  acid  it  is  not  rcn* 
dered  black.  In  order  to  procnre  it  in  tbia  atate^  a  piece  of  wood 
i«  to  be  tranavefiely  raspedi  and  tba  raspings  are  to  be  immersed  In 

soap  ley  for  twenty-four  hours ;  the  mixture  is  then  to  be  diluted 

rrith  once  or  twice  its  \vci<,'ht  of"  u  ater  and  poured  off;  the  insoluble 
residue  is  to  he  largely  uaished  \\  \\\\  water,  treatrd  witli  a  slight  ex- 
cciis  uf  dilute  hydrocldoric  acid,  and  again  waJicd  wuli  water.  After 

this  the  ligneous  fibre  is  to  be  treated  witli  gitat  excess  of  a  solution 
of  common  salti  the  digestion  is  to  be  continued  with  occaaional 
atirring  for  two  or  three  days,  a  fresh  portion  of  the  solution  being 

once  used  ;  this  being  poured  off,  tlic  fihrous  matter  is  to  be  treated 
with  a  weak  alkaline  solution  till  it  couies  away  colourless  ;  it  is  to 
^e  again  washed,  nvA  the  reiuaining  alkaH  is  to  be  saturated  by  slight 
excess  of  liydrocnlunc  acid,  and  after  again  wasltintf  witii  uuuiied 
water  till  litmus  is  not  reddeoed,  tba  product,  piaora  on  n  wmw%  ia 
10  be  dried  either  in  the  ann  or  n  atove. 

The  lignin  thus  obtained,  after  being  washed  with  alcohol  and 
aether,  is  not  coloured  by  concentrated  sulphuric  acid,  and  is  to  be 
considered  ns  absolutely  pure.  It  is  white  and  silky,  and  pOMsesses 
the  organic  structure  of  the  wood  IVoni  which  it  has  been  obtained  ; 
and  the  authors  consider  theuistilves  authorized  to  conclude  that  in 
analytiing  this  substance,  they  operate  on  the  vegetable  akalaion  such 
as  it  asista  in  planle. 

l*he  authors  tind  that  the  results  of  their  analyaea  differ  but  very 
little  from  those  obtained  by  M.  Paycn  ;  they  nevertheless  deem  it 
necessary  to  state  them  as  satisfactori!  v  proving  the  a»jrt  mc!U  which 
exists  between  the  various  kinds  oi  I  gmn  of  very  ditiertfut  oi  it/in. 

Lignin  of  the  poplar,  dried  ai  F. ;  meiiu  of  three  experi- 
ments : — 

G^fbon  4S-88 

Hydragen    0  2^ 

Oxygen    4d-s<) 

100-00 

Lignin  of  the  beech,  dried  at  MS**  P.  :^ 

Carbon   43*85 

Hydrogen    6*22 

Osygen  «*  t  49'98 

100*00 

Blottin<^-papcr  treated  with  acidi«,  alkalie»,  water,  and  alcoUolf 
dried  at      '  F. : — 

I.  n. 

Carbon   43-87  43*84 

Hydrogen   6*12  G'2e 

Oxygen  50*01  49*94 

100*^  100*00 
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Cotton  treated  only  with  boiling  water,  hydrochloric  acid,  and 


Hydrogen 


Flax,  treated  like  cotton 


Hydrogen. 
Oxygen  . 


I. 

11. 

43-46 

43-10 

0  OO 

O  4>o 

50*10 

100*00 

.  99*98 

I. 

II. 

4S'9S 

43-S5 

G-01 

6-41 

5007 

100-00 

100*00 

Poffrvn^lti  employing  sulphuric  acid  to  determine  tbe  purity  of 
lignin,  the  authors  have  discovered  a  new  substance  which  consti* 
tutes  a  very  curious  modification  of  ligneous  tissues.  It  results  from 
die  first  artion  of  sulphuric  acif!  on  lignin,  and  is  the  product  which 
arises  belore  its  conversion  into  dextrin. 

Let  blotting-paper  be  immersed  for  not  more  tlian  lialt'  a  minute 
in  concentrate  sulphuric  aeid»  and  ttwn  be  immediately  washed  with 
a  larg?  quantity  of  water  to  prevent  the  action  of  the  acid ;  and  if 
it  he  then  immersed  for  a  few  moments  into  water  containing  a  few 
drops  of  ammonia,  a  substance  is  obtained  which  possesses  all  the 
physical  diameters  of  an  animal  membrane.  When  moistened  with 
water,  it  has  the  soft  and  greasy  feel  of  animal  membrane  softened 
in  water ;  when  dried  it  has  the  appearance  and  the  toughness  of 
parchment,  and  when  glazed  it  has  considerable  transparency. 

This  substance,  which  the  authors  call  'papyrmt  is  identical  in 
composition  with  lignin*   It  was  found  to  yield— 

T.  II.  m. 

Carbon   43*30  43*89  44*44 

Hydrogen   6*28  G*27  6*23 

Oxygen    ....  50-42  49*84  lO'SS 

100*00  100*00  100*00 

Jounu  de  PU»  et  de  Ch,,  Aout  1647. 


SOLUBILITY  OF  CHLORIDE  OF  SILVER  IN  HYDROCHLORIC  ACID. 

M.  Pierre  states  that  concentrated  hydrocibloiic  acid  is  capable  of 
dissolving  ^^^th  of  its  weight  of  chloride  of  silver ;  when  it  has 
been  diluted  with  twice  its  weight  of  water,  it  is  capable  of  retain- 
ing raorc  than      -/Ith  of  it«  weiglit. 

M.  Gerhaidt  observes  that  this  fact  is  important,  and  sa}'s  he 
had  previoubly  stated  it ;  and  it  appears  to  him  to  be  the  cause  of 
the  difference  of  the  numbers  obtained  by  MM.  BerzeUus  and  Ma- 
rignac  as  to  the  theoretical  number  expressing  the  atomic  weight  of 
chlorine  according  to  Dr.  Croat's  law  of  multiples.— J6itf.  Sept.  1847. 
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Daubeujf  on  Actwe  and  Extinct  Volcanos. 

Vmteuw  Danbeny  of  Oxford  has  in  the  press,  md  nearly  ready 
for  publlcatioD,  a  new  and  much-eaJtrgcd  editioii  of  bit  Devcriptum 

of  Active  an<?  Kxtinrt  Volcanos. 

The  present  iidition  will  be  found  to  contain  neaxly  twice  the 
amount  of  matter  included  in  the  preceding  one,  embracing  nut  only 
such  new  facts  and  obaervationa  with  respect  to  volcauos  as  have 
been  brought  to  light  einoe  ita  first  ajvpaanoioe  in  1836,  but  likewise 
^tut  allied  phacnomena  of  Earthquakes  and  Thermal  Springs,  as  well 
as  a  fiiUer  diaoosaioa  of  the  tfaeoriea  connected  with  tfaoae  aubjecta. 


VSTBOROtfOOIOAL  OBSBRTATIONt  FOR  8«PT.  1847. 

Oiiiwicii. — SejHeiiiber  I.  Clear:  cloudy:  clear.  2.  Cioutly:  boisterous.  Sb 
Cold  rain :  overcast.  4.  Fine.  5.  Clear :  shower :  clear.  6.  Very  fioa,  7*  dear 
and  cold :  cloudy :  rain  at  night.  Ifnin.  9.  Very  fine.  10.  Overcast :  very 
fine.  11,12.  Very  finflL  13.  Densely  overcast :  r<iin.  14.  Very  fine  :  slight 
•bower:  cltar  and  cold  at  night  15.  Fine:  boisterous,  with  rain  at  ni^it. 
If?  Tloisterous.  17.  Rain.  18.  Cloudy,  with  very  clear  intervals.  19.  Cloudy: 
heavy  rain  at  night,  m  Fine:  slight  showers.  21.  Kain.  22,  Cloudy:  fine. 
99.  GlmidfaiidBild.  M.  Foggy :  very  Aim.  S&  96.  Flat.  97.  Sh»tv  s  dear  t 
very  fine  :  clear  and  frosty  at  nighu  98.  8U|^  ftf  ;  OVCVBSSt.  99.  Sb|^llbgt 
t&y  fine.    30.  Dry  haic  :  overcast. 

Mean  teroperature  of  the  moutli   53°*40 

Mean  iHOpamtlilv  of  Sept.  1846   *  60  •79 

Mean  tempvrnturc  of  St  pt  ft^r  the  last  twen^  y«an    52 'll 

Avcrageamountot  raintnSi.pt.   2*73incbcs. 

Boston,— SepL  1.  Fine.  2.  Windy.  3.  Cloudy:  rain  r.M.  4.  Fine.  5.  Fine: 
rain  r.M.  6,7.  Fine.  8.  Cloudy.  9—11.  Fine.  12.  Windy.  LS,  Ilain: 
lain A.M.  aiid  r.M.  I4.  Fine.  15.  Fine:  rain  r.M.  16.  Fine:  stormy  from 
10  A.M.    17   Cloudy.    18— '-O,  Fine.    21.  Fine:  rain  v,m.    22,  CkNldy:nio 

A.M.    23.  Cloutiy.    24— '28.  I  inc.    '-'9.  Cloudy.    30.  Fine. 

Smndmd  Manse,  Orkneu. — Sept.  1,  2.  Showers.  3.  Bright :  showers :  sleet. 
4 — &  flhowtra.    7,  S.  Cloady :  ihoWen.    9.  Driaale  s  dtmnn.    la  Cloudy. 

11.  Cloudy:  rain.  12.  Showers.  13.  Cloudy  :  clear.  14.  Cloudy.  15,  J6. 
Bright:  rain.  17.  Cloudy:  showers.  18.  Showers.  19.  Clear :  abowerai  aleet. 
so.  aiowm:  rain:  cloudy.  21.  Bright:  fine.  SS.  Damp:  rain.  9S.  Sbowen. 
•24.  Showers:  cloudy.    '25.  Rafais  dear.    90.  Bright:  dear.    97,98.  Ctear* 

29.  Clear:  aurora.    30.  Clear. 

^pplernrt'i  MansCt  J}umfries-ihirc.— Sept,  1.  Shnrp  ^howcr.  and  high  wind. 
2.  Clear  and  fine  harvest  day.  b.  llaio.  4.  Fine  clear  shdip  ueather.  5.  Fine 
henreitday.  6.  Clear  and  bracing.  7.  Rain,  though  not  heavy.  8.  Pair,  bat 
cloudy.    9.  Close  rain.     10.  Fine  :  tome  drops  r.M.     11.  Fair  a.m.    rntn  r.M. 

12.  Fur,  but  threatening.  13.  Fine.  14.  Bracins  day  :  flying  showers.  15. 
Floe  A.M. :  heavy  tain  r.ic.  16.  Rdn  end  high  wind.  17.  Few  dropa  of  ndn. 
18.  Fair,  but  dull.  19.  Fiequent  shuwers.  A  few  drops.  21.  Rain  p.m. 
22,  23.  Showery.  24.  Fair  and  fine.  25.  blight  Uriaale.  26.  Very  fine  day. 
97.  Yefj  ine day:  float  a.m.  98, 99.  Very  Ine  days  s  aofloaL  M.  ndr.but  cold. 

Meao  tenftpeiatnre  of  the  montb     ........................  8(f'9 

Mean  fcmpcratnre  of  Sept.  1846   59  •C 

Mmu  t«aiperature  of  Sept.  for  25  years   53  *9 

Mean  laia  in  Siqpt*  for  90  yeaia  ••..•.«••...•••••••••...••.    d*tS  indiei. 
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DECEMBER  18i7. 

I  ■ 

LXIV.  On  ike  DiamagtteUe  condilUms  Flame  and  Gases^ 
Bjf  SCiCHASL  Faraday,  F.BJS^  Foreign  AttodaU  tht 
Acadea^  qfSeienceM,  4r^ 

To  Rtekard  Taylor,  E$q. 

Royal  Institution, 

My  dear  Sir,  Nor.  8. 1847. 

T LATELY  received  a  paper  from  Professor  Zantedescbiy 
published  by  him,  and  containing  an  account  of  the  dis- 
covery, by  P.  Bancalari,  of  the  magnetism  ''diarnagnetism)  of 
flame,  and  ot  the  fni  ther  experiments  of  Zantedeschi,  by  which 
he  confirms  the  result,  and  shows  that  flame  is  repelled  from 
tlie  axial  line  joining  two  uiaguetic  poles.  I  send  you  the 
paper  tliat  you  may,  il  yuu  estimate  its  iinpoMance  as  highly 
as  I  do,  reprint  it  in  the  Philosophical  Magazine;  and  I  si>nd 
alio  nith  it  these  furtber  experimental  ooiiDnnatioDS  and  ex- 
leoakMis  of  my  own.  At  M»  Zantedefehi  has  pnblished  his 
resnlts,  I  have  felt  myself  at  liberty  to  work  on  the  subject, 
which  of  coarse  interested  me  very  dosel^.  Probably  what  I 
[  may  describe  will  only  come  in  confirmation  of  that  which  has 

been  done  already  in  Italy  or  elsewhere ;  and  if  so,  I  liope  to 
,  stand  excused ;  for  a  second  witness  to  an  important  fact  is  by 

no  means  superfluous,  and  may  in  the  present  case  help  to 
induce  others  to  enter  actively  into  the  new  line  of  investigation 
presented  by  diamagnetic  hoch'es  generally. 

I  soon  verified  the  cliiet  resuli  of  the  diamagnetic  affection 
of  flame,  and  scarcely  know  how  I  could  have  failed  to  observe 
the  effect  years  ago.  As  1  suppose  I  have  obtaiiied  much 
more  striking  evidence  than  that  referred  to  in  Zantedeschi's 
{Miper,  I  will  describe  the  shape  and  aiTangementcf  thecssen^ 
tial  parts  of  my  apparatus*  The  elcctro-niaguct  used  was  the 
poweriiil  one  docribed  in  the  Experimental  Researches 
(S8i7*.).  The  two  terminal  pieces  or  iron  forming  the  virtual 
nufgnedc  pdes  were  each  1*7  inch  square  and  six  mcheslong; 

•  Page  398  of  this  Journal  for  May  1846. 
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but  ilic  c  iuls  were  shaped  to  ft  form  approacbing  ttiat  of  a  cone, 
of  which  the  sides  bare  an  angle  of  about  lO^i  and  tha  axit 
of  which  is  horizontal  and  in  the  upper  surface  of  the  pieces 
of  iron.  The  apex  of  each  end  was  ronrnled  ;  nearly  a  tenth 
of  an  inch  of  the  cone  being  in  ibis  way  removed.  When 
those  terminations  are  brought  near  to  each  other,  they  give 
a  pouei  iiil  eflcct  in  the  magnetic  field,  and  the  axial  line  of 
magnetic  tbrce  is  of  coura>e  horizontal,  aiui  on  a  level  nearly 
with  the  upper  surface  of  the  bars.  I  have  found  this  form 
exceedinglv  advantageous  in  a  great  variety  of  experiments. 

When  the  flame  of  a  wax  taper  was  held  near  the  axial 
line*  but  on  one  side  or  the  other,  about  one-third  of  the  flame  i 
rising  above  the  level  of  the  upper  surfacb  of  the  poles,  as 
soon  as  the  magnetic  force  was  on»  the  flame  was  affected ; 
and  receded  from  the  axial  line,  moving  equatcNrially,  until  it 
took  an  inclined  position,  as  if  a  gentle  wind  was  causing  its 
deHection  from  the  upright  position ;  an  eiiiect  which  ceased 
the  instant  the  magnetism  was  removed. 

The  effect  was  not  instantaneous,  but  rose  gradually  to  a 
maximum.  It  ceased  very  quickly  when  tlie  magnetism  was 
removed.  The  pro^rtsijive  increadc  is  due  to  the  gradual  pro- 
duction of  currents  in  the  air  about  the  magnetic  field,  which  ^ 
tend  to  bsb  and  are,  formed  on  the  assumption  of  tho  magnetie 
oonditioost  hi  the  presence  of  the  flame. 

When  Che  flame  was  placed  so  as  to  rise  troly  acfosi  the 
magnetic  axis,  the  eflfect  of  the  nagnetism  was  ip  cosaprav 
the  flame  between  the  points  of  the  poles,  making  it  recede  in 
the  direction  of  the  axial  line  from  the  poles  towards  the  middle 
transverse  plane,  and  also  to  shorten  the  top  of  the  flame.  At 
tlie  %^\v\Q  time  the  top  and  sides  of  the  compressed  part  burnt 
more  vivkIIv,  because  of  two  streams  of  air  whic'ii  ^et  in  from 
tlie  poles  on  each  side  directly  against  the  ilaiue,  and  then 
passed  out  with  it  in  the  ei|ualoi  ial  dnccilon.  Dul  there  was 
at  the  same  time  a  repulsion  or  recession  of  tiiu  parts  of  the 
flaflsefroiB  the  anal  hne;  for  those  portioniwhicliwiaM  below 
did  not  ascend  so  qnicUly  as  befiaf«^  and  in  isewiding  they 
also  passed  off  m  an  inclined  and  equatorial  diieetioo* 

On  raisb^  the  flane  a  little  more,  the  effect  of  the  magnetic 
force  was  to  locrsase  the  intensity  of  the  results  just  describsd» 
and  the  flame  actually  beeame  of  a  flslMail  sbspe^  disposed 
across  the  magnetic  axis. 

ir  the  flame  was  raiset^  until  about  iwo-thircfs  of  it  ^vere 
above  the  level  nf'tfie  nxi  il  line,  anii  the  [>oii  >  approaclied  *o 
near  to  t mcU  udier  (^abouL  O  J  of  an  inch)  ih  if  ihey  began  to 
cool  niul  compress  the  part  of  the  Hnme  at  tlie  axial  line,  yet 
witbuuL  iiiterferiiig  witii      Ji^uig  ircciy  between  them ;  theu> 
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ou  rendering  the  magnet  active,  the  flame  became  more  and 
more  compressed  and  bhortened ;  and  as  the  efiacts  proceeded 
to  A  maximum,  the  top  at  last  dasoeiid«d*  tod  the  flame  no 
XDora  me  between  the  nuignetic  polesi  bat  roreed  oat  rkht 
end  left  on  eech  aide  of  the  exial  Une^  praaueing  e  double 
flame  with  two  loi^  toagaef  •  This  flame  was  ver^  bright 
along  die  upper  extaDdaolbrlKed  edge^  being  there  invigorated 
by  a  cunent  of  air  which  descended  from  between  the  poles  on 
to  the  flame  at  this  par^  and  in  fact  drove  it  away  in  the  eqwH 
torial  direction* 

When  the  magnet  was  thrown  out  of  actioOf  the  flame  re- 
sumed its  ordinary  apri^ht  form  between  the  poles,  at  once; 
being  depressed  and  redivided  again  by  the  renewal  of  the 
magnetic  action. 

When  n  smnll  flame,  oniy  about  one»tKird  oi  an  inch  higb| 
was  placed  between  the  poles,  the  magnetic  fierce  instantly 
flattened  it  into  an  equatorial  disc. 

If  a  ball  of  cotton  about  the  size  of  a  nut  be  bound  up  by 
wire,  soaked  in  ujihct  and  inflamed,  it  will  give  a  flame  six 
or  seven  inches  high.  This  lar^e  fiamc  rises  freely  and  natu- 
rally between  the  |>ulc:> ;  but  a.-»  &0011  as  the  lua^DcL  in  rciidcred 
active,  it  divides  and  passes  oil'  in  two  flames*  the  one  on  one 
side,  and  the  other  on  the  other  side  of  the  axial  line. 

Such  theiefore  is  the  general  and  vwy^  striking  efiect  which 
may  be  producsd  on  a  fiune  by  magnetic  action,  the  import- 
ant  disooveiy  of  which  we  owe  to  P*  Bancalari. 

I  verified  the  results  obtained  by  M.  Zantedeachi  widii  dif» 
leient  flames,  and  found  that  thow  produced  by  alcohol,  Athert 
ooal-gas,  hydrogen,  sulphur,  phoqJlorusi  and  camphor  were  all 
afleded  in  the  same  manneri  though  not  apparently  with  equal 
strength.   The  brightsst  flames  appeared  to  be  most  afiected. 

The  chief  results  may  be  shown  in  a  manner  in  some  re- 
spects still  more  striking  and  instructive  than  those  obtained 
with  flame,  by  using  a  smoking  taper.  A  taper  made  of  wax, 
coloured  [^neen  by  verdigris,  ifsuftered  to  burn  upright  for  a 
minute  anil  then  blown  out,  will  u«(ia!!y  leave  a  wick  with  a 
spark  of  Are  on  thf  top.  The  subdued  combustion  will  how- 
ever still  go  on,  even  lui  nn  hour  or  more,  scuding  up  a  thin 
dense  stream  of  smukc,  which,  in  a  cjuiet  aUuosphere,  will  rise 
vertically  ibr  six  or  ei^ht  inches;  and  in  a  moving  atmosphere 
w  di  show  every  change  of  its  motion,  buih  as  to  direction  and 
intensity.  When  the  taper  is  held  beneath  the  poles,  so  LbaL 
the  stream  of  smoke  passes  a  little  on  one  side  of  the  axial 
llne^  the  stream  is  scarcely  aflected  bv  the  power  of  the  mag- 
net|  the  taper  bemg  three  or  four  inches  below  Uie  poles ;  but 
if  the  taper  be  raised,  so  that  Uie  coel  is  not  more  inanan  Inch 
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below  the  axial  line^  the  atrearo  of  smoke  it  nraeh  note 
afieetedy  being  bent  outwards ;  and  if  it  be  brooght  atiU  hlg^eri 
there  is  a  point  at  which  the  smolte  leaves  the  taper-wick  efen 
in  a  horizontal  directioo,  to  go  equatortally.  If  the  taper  be 
held  so  that  the  smoke-stream  passes  through  the  axial  linSy 
and  then  the  distances  be  varied  as  before,  there  is  little  or 
no  sensible  effec  t  when  the  wick  is  foiir  inches  below :  but 
being  raiseii,  as  soon  as  the  warm  pn  rt  ot  the  sti*€am  is  between 
the  poles,  it  tends  to  divide;  and  when  the  ignited  wick  is 
about  an  inch  below  the  axial  line,  the  smoke  rises  vertically 
in  one  column  ufull  about  two-thirds  of  that  distance  is  passed 
ovei,  and  llien  ii  divides,  going  rigiil  and  leit,  ieaviiig  the  s|>ace 
between  the  poles  dear.  As  the  taper  is  slowly  raised,  the 
division  of  the  smoke  descends,  taking  place  lower  down,  until 
it  occurs  upon  tlie  wick,  at  the  distance  of  0*4  or  0*5  of  an 
inch  below  the  axial  line.  If  the  taper  be  raised  still  morei 
the  magnetic  effect  is  so  grent^  as  not  only  to  divide  the  stream, 
but  to  make  it  descend  on  each  side  of  the  ignited  wick,  pro- 
ducing a  form  resembling  that  of  the  letter  W ;  and  at  the 
same  time  the  top  of  the  hnrning  wick  is  greatly  brightened 
by  the  strenrn  of  nir  that  is  mipelled  downwards  !ipon  it.  In 
these  experiments  the  magnetic  poles  should  be  about  0'25  of 
an  inch  apart. 

A  burning  piece  of  amadou,  or  the  end  of  u  splinter  of  wood, 
produced  the  same  eiiect. 

By  means  of  a  small  spark  and  stream  of  smoke,  I  have  even 
rendered  the  power  of  an  ordinary  magnet,  in  alfecting  them, 
evident.  The  magnet  was  a  good  one,  and  the  poles  were 
dose  to  each  other  and  conical  in  form. 

Before  leaving  this  description  of  the  general  phsenoraenon 
and  proceeding  to  a  consideration  of  the  principles  of  mag- 
netic action  concerned  in  it,  I  may  say  that  a  single  pole  of 
the  magnet  produces  similar  eil'ects  upon  flame  and  smok^ 
but  that  tlity  are  much  less  striking  and  observable. 

Though  tlie  elFect  be  so  manifest  in  a  flame,  it  is  not,  at 
first  sight,  evident  what  is  the  cliicl  cause  or  c  auses  of  the 
result.  The  iieat  ol  the  flame  is  the  most  aj)|uirt:iit  and  pro- 
bable condition ;  but  there  are  other  circumstances  which  may 
be  equallj  or  more  influential.  Chemical  action  b  going  on 
at  the  time:— solid  matter,  whidi  b  known  tobediamagnedc:^ 
exists  in  several  of  the  flames  used:  and  a  great  diflerence 
exists  between  the  matter  of  the  flame  and  the  surrounding 
air«  Now  any  or  all  of  these  circumstances  of  temperature, 
chemical  action,  solidity  of  part  of  the  matter,  and  differential 
composition  in  respect  to  the  surrounding  air^  may  concur  in 
producing  or  influencing  the  result. 
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I  placed  the  wilts  of  an  electrometer,  and  also  of  a  galvano- 
llielar»  in  Tarious  parts  of  the  affected  flame,  but  could  noi 
procure  any  indicalioiia  of  the  evoluUoD  of  eleclricity  by  any 

action  on  the  instruments. 

I  examined  ihe  neij^libourliood  of  the  nxial  line  fi«?  to  tbe 
existence  of  any  current  iu  the  air  when  there  was  no  flame  or 
heat  there,  using  the  visible  fumes  produced  wlicn  liitle  pellets 
of  paper  dipped  in  strong  soiutioiis  of  ainrnonin  and  nuuiatic 
acid  were  held  near  each  other;  and  tlii>ugli  1  iouiul  that  a 
stream  of  such  snioke  was  feebly  aflected  by  the  magnetic 
power,  yet  1  was  satisfied  there  was  no  current  or  motion  in 
the  ooninion  air,  as  such,  between  the  poles.  Tbe  smoke 
itself  was  feeUy  diamagnetic ;  due,  I  believe,  to  the  solid  par* 
tides  in  it* 

But  when  flame  or  a  glowing  taper  is  used,  strong  currents 
are,  under  favonrable  cireumstanees,  prodoced  in  the  air.  If 
tbe  flame  be  l)etween  the  poles*  these  currents  take  their  course 
along  the  surface  of  the  poles,  which  they  leave  at  the  opposite 

faces  connected  by  the  axial  line,  and  passing  parallel  to  the 
axial  line,  impini^e  on  the  opposite  sides  of  the  flame ;  and 
feeding  the  flame,  tlu  y  make  part  of  it,  and  ))roceed  out  equa- 
lally.  If  the  ilame  be  driven  asunder  by  the  force  of  these 
currents  and  retreat,  the  currents  luliow  it;  and  so,  when  the 
flaoie  is  forked,  the  air  which  is  between  the  poles  li>i ms  a 
current  which  sets  from  the  poles  downwards  and  sideways 
towards  the  flame.  I  do  not  mean  that  the  air  in  every  case 
travds  along  the  sorfaoe  of  the  poles  or  along  the  axial  lines, 
or  even  from  between  tbe  poles ;  Ibr  in  the  case  of  the  flowing 
taper,  held  half  an  inch  or  so  beneath  the  axial  line^  it  ilie 
cool  air  which  is  next  nearest  to  die  taper,  and  (generally) 
between  the  taper  and  the  axial  line,  that  fidls  with  most  force 
upon  it.  In  fact  tbe  movements  of  the  parts  of  the  air  and 
flame  are  due  to  a  differential  action.  We  shall  see  presently 
that  the  air  is  diamajrnetic  as  well  as  flame  or  hot  smoke  :  /.  e, 
that  both  tcTuI,  jiccording  to  the  «.'eneral  law  which  i  have  ex- 
pressed in  ilie  Experimental  Researches  (2267,  &c.),  to  move 
from  stronrrer  to  weaker  places  of  magnetic  force,  but  that 
hot  ail  and  llatue  are  more  so  than  cold  or  cooler  air  :  so,  when 
flame  and  air,  or  air  at  different  temfieratures,  exist  at  the 
same  time  within  a  space  under  tbe  influence  of  magnetie 
forces^  diflering  in  intensity  of  action,  the  hotter  particles  will 
tend  to  pass  fim  stronger  to  weaker  places  of  action,  to  be 
replaced  by  the  colder  particles ;  the  former  therefore  will  have 
theeflect  of  being  repelled;  and  the  currents  that  are  set  up 
are  produced  by  this  action,  combined  with  the  mechanical 
force  or  current  possessed  by  the  flame  in  its  ordinaiy  rebition 

tothe  aimosi^ism. 
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It  will  !>e  evident  to  you  that  I  have  considered  flnme  only 
as  a  particular  case  of  a  general  law.  It  is  a  most  important 
and  beautiful  one,  and  it  has  given  us  the  discovery  of  dia* 
magnetism  in  gaseous  bodies :  but  it  is  a  complicated  one, 
as  I  hhaii  now  proceed  to  show,  by  analyiing  some  of  iiis 
conditions  and  separating  their  effects. 

For  the  purpose  of  eaceminitig  llie  eflbct  of  heel  akme  in 
condnclog  to  tne  diamagnetic  oooditioii  of  flame^  eainaU  helix 
of  fine  platina  wire  was  attadied  to  two  atrooger  wirea  of  cop* 
pery  so  that  the  helix  oould  be  placed  in  any  given  position  as 
Mgarded  the  magnetic  poleai  and  at  the  aame  lime  be  ignited 
at  pleasure  by  a  voltaic  battery.  In  this  manner  it  was  substi- 
tuted for  the  burning  taper,  and  gave  a  beautiful  highly-heated 
current  of  air,  unchanged  in  its  chemical  condition.  \Mien 
the  licllx  was  placed  directly  under  the  axial  line,  the  hot  air 
rose  u|)  between  the  poles  IVeelv,  being  rendered  evident  above 
by  a  thtrniometer,  or  by  nini^'  ihe  linger,  or  even  scorching- 
aper;  but  as  soon  as  the  magnet  was  rendered  active,  llie 
ot  air  divided  into  a  double  stream,  and  was  found  ascending 
on  the  two  iidea  of  the  axial  line  \  but  a  dcaoending  cunent 
was  formed  between  the  polet,  flowing  down  warda  towarda  the 
helix  and  ihe  hoc  air»  which  roae  and  paaied  off  aidewnjra 
fhim  it. 

It  is  therefore  perfocdy  manifest  that  hot  air  is  dkmagnetio 

IB  relation  to^  or  more  diamagnetic  than,  cold  air ;  and,  from 
thi-^  fnct  I  concluded,  that,  by  coolitig  the  air  below  the  natural 
tenij)ei  ature,  I  should  cause  it  to  appronc?!  the  magnetic  axis, 
or  appear  to  be  magnetic  in  relation  to  ordinary  air.  1  had 
a  liitle  apparatus  made,  in  which  a  vertical  tube  delivering 
ail  V,  as  passed  through  a  vessel  containing  u  iVii^unlic  juix- 
ture;  the  latter  being  so  clothed  with  flannel  that  the  ex* 
ternal  air  ahonld  not  be  cooled»  and  ao  invade  the  whole  of 
the  magnetic  fidd.  The  central  current  of  cold  air  waa  dk 
lected  downwarda  a  little  on  one  side  of  the  axial  line^  and 
lUling  itito  a  tube  containing  a  delicate  aii^thermometer,  there 
ibowed  its  efleet.  On  rendering  the  magnet  active,  thb  eftct 
however  ceased,  and  the  thermometer  rose ;  but  on  bringing 
the  latter  under  the  axial  line  it  again  fell,  showing  thnt  the 
cold  current  of  air  had  l)een  drawn  inwnrds  or  attracted  to- 
vard^i  llie  axial  Hue,  had  beci>  iciiik  ini  iitauiiotic  in  rela- 
tion lo  air  at  common  temperatures,  or  less  diaui ai/nelic  tlian 
it.  rhe  lower  temperature  was  0  F.  The  ciicci  was  but ' 
small  j  stiil  it  v'tas  ditttiiict. 

I'be  effect  of  heat  upon  air,  in  so  greatly  increastog  iti  daai* 
magnetic  condition,  is  very  remarkable.  It  is  not,  I  think,  at 
all  probable  that  the  mere  effect  of  expanding  the  air  is  the 
cause  of  the  change  ib  ito  condition,  because  one  would  baled 
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to  LXjKct  timt  n  certiiin  bulk  of  expanded  air  would  be  less 
sensible  in  its  dinmn^netic  eifects  than  an  equal  bulk  of  denser 
air ;  just  as  one  would  anticipate  that  a  vacuum  woukl  present 
no  magiketic  or  diaiiiugntUc  dlects  whatever,  buL  be  at  the 
zero  point  between  the  two  classes  of  bodies  (Experimental 
BaiMiralieSy  S4SSy  S4S4).  It  if  cerlainly  triM^  that  if  the  air 
wtre  a  body  belonging  to  the  magnetic  elats,  then  its  expao- 
tioiiy  bmf^  eqnifakot  to  dilation,  would  make  it  seem  dia* 
magnetie  in  relation  to  ordinary  air  (Experimental  Researches 
9S67.  84S8) ;  but  that,  I  think,  is  not  likely  to  be  the  case^ 
as  will  be  seen  by  the  reiultft  deicribed  further  on  in  reference 
to  oxygen  and  nitro«^cn. 

If  the  power  conterred  by  heat  is  a  direct  consequence,  and 
proportionate  to  the  temperature,  then  it  gives  a  very  remark- 
able character  to  f^ases  and  vapour^,  which,  as  we  shall  see 
heieaUer,  possess  it  iik  tuaitiiun.  In  my  ioiiiitr  experiuicuLs 
(Experimental  Researches,  2359,  2397)  I  heated  various  dia- 
magnetic  bodies,  but  could  not  perceive  that  their  degree  of 
megDetio  finrce  was  at  all  increaaed  or  affected  by  the  tempe- 
ivture  given  to  thenu  1  have  ag^in  nibmitted  small  cylinders 
of  copper  and  ailver  to  the  action  of  a  single  pol^  at  common 
tamperalnrea  and  at  a  red  heat,  with  the  same  result  If 
there  was  any  efiect  of  increased  temperature,  it  was  that  of 
a  very  slight  increase  in  the  diamagnetic  force,  but  I  am  not 
stu'e  of  the  result.  At  present,  tlreref<>rc,  tlio  gaseous  and  vu- 
))orous  bodies  seem  tu  be  striking;!  v  tliaunguislied  by  tlie  power- 
ful tii'ect  which  heat  has  ia  iucrcasuig  their  diamagnetic  con* 
dition. 

As  aU  the  experiments,  whether  on  flame,  smoke,  or  air« 
aeemad  to  abow  tnat  air  had  a  distinct  megnetic  relation,  whidi, 
tboogh  highly  aflectod  b^  temperature^  bUU  belonged  to  it  at 
all  temperatarea ;  so  it  was  a  probable  conduaion  that  other 
gaaeooa  or  vaporous  bodice  would  be  diamagnetic  or  roag- 
BSCic^  and  tliat  they  would  diffi»r  from  each  other  even  at  com- 
mon or  equal  temperatures.  I  proceeded  therefore  to  examine 
them,  deliverifig  streams  of  each  into  the  air,  in  the  first  in- 
stance, by  ht  apparatus  niid  arrangctni'nls,  and  exnniiiiiiig  the 
course  taken  by  ihe'-c  stn^ams  in  )ni  .>,ing  across  the  magnetic 
6eld,  the  magnetic  torce  being  either  induced  or  not  at  the 
lime. 

In  delivering  the  various  streams,  I  sometimes  introduced 
the  gaaaa  into  a  globe  with  a  mouth  and  also  a  tubuhir  apoul^ 
and  then  pooredthe  gaa  out  of  the  apoul,  npwarda  or  down- 
ivani%  aooonling  as  it  waa  h'ghter  or  heavier  than  air.  At 
odiev  timeii  as  with  muriatic  acid  or  ammonia,  I  delivered  the 
stmma  from  the  mooth  of  the  retort.   But  na  it  is  very  Im- 
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portant  not  to  deluge  the  magnetic  field  with  a  quaiuUy  of  in- 
visible gas,  1  devised  the  folTowiDg  arrangement,  which  an- 
swered well  for  all  the  gases  not  sdoble  Ui  water.  A  WoulPa 
bottle  was  chosen  haviD|^  three  apertures  at  the  top,  a,  b  and  c$ 
a  wide  tube  was  fixed  loto  apertnre  descending  within  the 
bottle  to  the  bottom,  and  being  open  above  and  below ;  by 
this  any  water  could  be  poured  into  the  bottle  and  employed 
to  displace  the  gas  previously  within  it.  Aperture  b  was  closed 
by  a  stopper.  Aperture  c  had  an  external  tube,  with  a  stop- 
cock fixed  in  it  to  conduct  the  gas  to  any  place  desired.  To 
expel  the  gas  and  send  it  forward,  a  cistern  of  water  u  ns  placed 
above  the  bottle,  and  its  cock  so  plngfred  by  a  splinter  of 
wood,  that  when  full  ojien  it  (ielivciti!  only  twelve  cubic  inches 
of  fluid  in  a  minute,  rbisstreaai  ul  walei  being  directed  iiiia 
aperture  a,  and  the  cock  of  tube  c  open»  twelve  cubic  incb^ 
of  any  gas  within  the  WoulPs  botde  was  deliversd  in  a  minute 
of  time ;  and  this  I  found  an  ezcdient  propordon  for  our  mag- 
net and  apparatus. 

With  respect  to  the  delivery  of  this  gas  at  the  magnetic 

poleS)  a  piece  of  fj^ass  tube  bent  into  this  2iape  j  was  held 

by  a  clamp  on  the  stage  of  the  magnet,  so  that  it  could  easily 
be  slipped  backward  and  forward,  or  to  one  side,  and  so  its 
vd  iical  j^art  he  placed  anywhere  below  the  axial  line.  The 
nj)ertuic  ai  ilii^  end  was  about  the  one-eighth  of  an  inch  in- 
ternal liiaiiieier.  In  the  hori/.ontal  part  near  the  angle  was 
placed  a  piece  of  bibuious  paper,  moistened  with  strong  solu- 
tion of  muriatic  acid  (when  necessary}.  The  horizontal  part 
of  the  tube  was  connected  and  disconnected  in  a  moment,  when 
necessary,  with  the  tube  c  of  the  gaa-botUe,  by  a  short  piece 
of  vulcanized  rubber  tube.  If  the  gas  to  be  employed  as  a 
stream  were  heavier  than  the  surrounding  medium,  then  the 
glass  tube,  instead  of  having  the  form  deUneated  above,  was 
so  bent  as  to  deliver  its  stream  downwards  and  over  the  axial 
line.  In  this  manner  currents  of  different  gases  could  be  de» 
lifered,  pci  fcc  ily  steady  and  under  perfect  comniand. 

The  next  j)t)int  was  to  detect  and  trace  the  course  ol  tliese 
streams.  A  little  ammonia  vapour,  delivered  near  the  mag- 
netic field,  ditl  this  in  some  degree,  but  was  not  satisfactory; 
for,  in  the  first  place,  the  little  cloud  of  muriate  of  ammonia, 
partides  formed,  is  itself  diamagnetic ;  and  further,  the  tnuH 
quil  condition  of  the  air  in  the  magnetic  field  was  then  too 
much  disturbed.  Catch-tubes  were  therefore  arranged,  con- 
sisting  of  tubes  of  thin  glass  about  the  size  and  length  of  a 
finger^  open  at  both  ends,  and  fixed  upon  little  stands  so  that 
they  could  be  adjusted  either  over  or  under  the  magnetic  poles 
at  pleasure.  When  they  were  over  the  poles^  I  generaUy  had 
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three  at  once;  one  over  the  axiul  line  and  one  at  each  sitle. 
I  \V  ijcn  ihey  were  under  the  poles,  the  lower  end  was  turned 

up  a  little  for  the  purpoM  of  fecUitating  observatkm  there* 
I  The  gas  d^rrered  al  the  polc%  at  alreadv  detcribed»  con* 

i  tained  a  litde  mnriatic  actd  (oblaiiied  from  the  solttUon  id  the 
I  paper),  but  not  enough  to  render  H  viaible.  To  make  it  tna- 
I         nilfit  op  which  catch-tobe  it  passed^  a  little  piece  of  bibiiloiift 

paper^  folded  and  bound  round  and  siupeiided  by  a  copper 
I  wir^  vat  dipped  in  the  aointion  of  ammonia  and  hung  in  each 
I  of  the  tobee*   It  was  tiien  evident  at  once,  by  the  visible  fume 

,  formed  at  the  tag  of  one  of  the  tubes,  whether  the  gas  delivered 

below  paaed  np  the  one  or  the  other  tube,  and  which :  and 
I  yet  the  gas  was  perfectly  clear  and  transparent  as  it  passed  by 
I  the  place  of  magnetic  action. 

J  In  addition  to  these  arrangements,  I  built  up  n  sheltering 

chamber  atKnit  tiie  magnetic  poles  and  field,  to  preserve  the 
air  undisturbccl.  This  was  about  six  inches  long  by  tour  inches 
in  wiciiii  and  height,  and  was  easily  made  ol  tliiii  pljites  of 
mica,  which  were  put  together  or  taken  down  in  a  inoaicnt. 
The  chamber  was  tretjuently  left  more  or  less  oj^rn  ;u  the  top 
or  bouuui  lor  the  escape  of  gases,  or  the  place  ui  the  catch* 
tubes.   Its  advantages  were  very  great. 

wtfrr.— In  the  first  place  air  was  sent  in  under  these  arrange* 
mentflb  the  stream  being  directed  by  the  axial  llne«  It  mwte 
itself  visible  in  the  catcn-tobe  above  by  the  smoke  prodnced; 
bot  whether  die  magnet  was  active  or  no^  its  course  was  the 
same;  showing  thaf»  so  lar»  the  apparatus  worlced  well^  and 
did  not  of  itself  ciiiise  any  erroneous  indications. 

Nitrogen. — This  gas  was  sent  from  below  upwards,  and 

Esssed  directly  by  the  axial  line  into  the  catch-tube  above ; 
ut  when  the  magnet  was  made  active,  the  stream  was  aflfected, 
and  though  not  stopped  in  the  middle  catch-tube,  part  ap- 
peared in  the  side  tubes.  The  jet  was  then  arranged  a  little 
on  one  side  of  the  axial  line,  so  tliMt,  without  the  magnetic 
action,  it  still  ascended  and  went  up  the  middle  catch-tube: 
thetT,  when  the  magnetic  action  was  brougiit  on,  it  was  clearly 
allected,  and  a  great  portion  ot  it  was  sent  to  the  side  catch- 
tube.  The  nitrofT:en  was,  in  fact,  niafiifestlv  diamaunetic  in 
relation  to  ct>a)ition  air,  when  buili  were  at  the  same  tem- 
perature; but  as  four-fifths  of  the  Mtmosphere  consists  of  ni- 
trogen, ii  seemed  s^i^  tjvident,  lioiii  the  rcsuh,  that  nitrogen 
and  oxygen  must  be  very  different  from  each  other  in  their 
magnetic  relations. 

Oan^geru — A  stream  of  oxygen  was  sent  down  through  air 
between  the  poles.  When  there  was  no  magnetic  action  it 
descended  vertieallyy  and  when  tiie  magnetic  action  was  on  it 
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appeared  to  do  the  Mine ;  at  all  mutt  it  did  not  jptm  off 
oqoatortally.   But  at  (bera  was  raaon^  from  tho  above  «ip^ 

ritnents  with  nitrogen,  to  exp^  that  oxygen  wonld  appeart 

not  diamagnetic  but  magnetic  in  air ;  so  the  place  oi  the 
sfrpnm  was  rlmnrrcd  and  made  to  be  on  one  side  of  the 
axial  line.  In  ilns  tn'^c  it  fell  pertccily  well  at  first  into  a 
catc!i-tuhe  placed  bmeaiii;  but  as  soon  a«i  tlie  magnet  was 
rendered  active,  f  lie  stream  was  deflected,  beiiig  ilrawn  towards 
the  axial  line,  and  fell  into  another  catch-tube  place<l  there  to 
receive  iu  So  oxygen  appears  to  be  magnetic  in  coauiiuu  air. 
WlMtkor  k  be  KalFy  90f  or  only  leu  dhimagnetie  than  air  (a 
mixture  oi' oxygen  and  nitrogen),  we  ahall  be  better  able  to 
ooostder  berea&r, 

Hydrcgm. — ^Thb  gas  proved  to  be  dearly  and  even  strongly 
diamagnetic ;  Ibr  notwithstanding  the  powerful  aeoentive  ibm 
which  its  stream  has  in  the  atmosphere,  because  of  its  small 
specific  grnvit}',  still  it  was  well  deflected  and  sent  equatorial ly. 
Considering  the  !i[^f)tness  of  the  gas,  one  might  have  expected 
that  it  wouTti  have  l)een  drawn  towards  \hv  nxial  line,  as  a 
stream  oi  rarefied  air  (if  it  ttmkl  vw^i)  would  be.  lis.  dia- 
magnetic state,  therefore,  shows  in  .i  striking  jH>iiu  ul  vilu, 
that  gai^es,  like  bolidi>,  have  peculiar  and  distinctive  degreea  uf 
diamagnetic  force. 

Canonic  onif.— This  gas  made  a  beaalirttl  experioieiiL 
The  stream  was  ddivered  downwards  a  little  on  one  aide  of 
the  axial  line;  a  oatch*tube  was  placed  a  little  further  only  so 
that  the  stream  ahonld  fall  clear  of  it  as  long  as  there  was  no 
activity  in  tlie  magnet*  But  on  rendering  the  magnet  efficiency 
the  stream  left  its  vertical  direction,  passed  equatorially,  and 
fell  into  the  catch-tube;  and  by  looking  horizontally,  could 
be  seen  flowing  out  at  its  lower  extremity  like  a  spring,  ;nul 
falling  away  throuLdi  the  air.  Again,  the  magnet  whs  thrown 
out  of  action,  nnd  a  crlass  with  lime-water  placed  bcueath  the 
lower  euil  oi  tlie  culLb-iube  ^  no  carbonic  acid  appeared  tiiere, 
though  the  fluid  in  the  glass  was  continually  stirred ;  but  the 
mstant  the  magnet  was  made^  the  oarbonic  acid  appeared  in 
the  cateh-tnbey  lell  into  the  gbss  and  made  the  limo*water 
tnrbid.   This  gat  therefore  is  diamagnetic  in  air. 

Carbotnc  offa(r.^Thls  gas  was  cardtUly  freed  from  carbonio 
aeid  before  it  was  used.  It  was  employed  &s  a  descending 
stream,  and  was  apparently  very  diamagnetic  :  but  it  is  to  be 
remarked,  that  a  substance  which  is  so  nearly  the  specific  gra- 
vity of  ;Umos]>henc  air  is  easily  dispersed  r)«rht  and  left  in  it, 
fttid  itn  lefore  that  the  facility  of  dispersion  is  not  a  cori'ect 
ijidicatiun  ol  the  diamagnetic  force.  By  introducini^  a  little 
amuiuiiiu  lutu  the  mica  chuuibcri  it  wasy  hoM^evci,  cudil^'  seen 
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that  carbonic  oxide  was  driven  away  equatorially  with  consi- 
derable power;  and  I  judge  from  the  appearance,  liiai  it  is 
more  diamagoetic  than  carbonic  acid. 

NUrom  <MPMlf«— TUb  ^  waa  modtrately,  but  clearly,  dia- 
Mgnatio  in  air.  Much  inlereBt  belonga  Id  thii  and  the  other 
oompoundt  of  nitrogen  and  0x3  geii|  both  because  thejr  oontain 
ihe  same  elementa  aa  airi  and  becanie  of  the  rehtaooa  of  ttl> 
tnmn  and  oxygen  separately. 

NUHc  omdey^l  tried  this  gas  both  as  an  up  and  dom 
current,  but  could  not  determine  its  magnetic  condition.  What 
with  the  action  of  the  oxygen  of  the  air,  the  change  of  the 
nature  of  the  substances,  and  the  heat  produced,  there  was  iO 
much  incidental  disturbance  and  so  little  eiTect  due  to  magnetic 
influence,  that  1  couid  not  suyq  of  the  result*  On  the  whole 
it  was  very  slightly  dinmnmKiic;  hul  so  little,  that  the  effect 
miir^^t  be  due  to  tiie  smoke  particks  which  served  to  reader  it 

vifell)IL^ 

2\t irons  acid  gas. — Diificult  to  observe^  but  1  believe  it  is 
slightly  magnetic  iii  relation  to  air, 

()/(/nnii  gas  was  diamaj/netic,  and  well  so.  The  little  dif- 
leieiite  in  sptciiic  gravily  oi  this  gas  and  air,  even  ticalea  a 
difficuUv  in  following  the  course  of  the  olefiant  gas,  unless  it 
be  wetiuied  Ibr  on  every  side^ 

OM^^oit—The  ood^gas  of  London  is  lighter  than  eiri  beug 
only  about  twcHhirds  in  weight  of  the  Uitten  It  is  very  mS. 
dhwiegnetiCi  and  gives  esMedingly  good  and  distinot  re* 
suits. 

Sulphurous  acid  gat  is  diamagnetic  in  atr«  It  was  generated 
in  a  small  tube  containing  liquid  sulphurous  acid ;  this  being 
connected*  in  place  of  the  gas  bottle,  with  the  delivery*tabe 
and  mouthpiece  by  the  vulcanized  rubber  tube.    The  presence 

or  absence  of  the  gas  in  the  catch- tube  was  well  shown  by 

ammonia,  and  still  better  by  litmus  paper. 

Munalic  acid. — The  retort  in  winch  it  was  generated  was 
connecteci,  as  jusi  described,  with  ihe delivery-tube.  Thegaa 
was  very  decidedly  diamagnetic  in  air. 

ll^d)  iodic  acid  was  also  diamagnetic  in  air.  When  tlnji  c 
was  an  al)imdant  stream  of  gas,  its  entrance  iiUu  and  passage 
ihrougli  ihc  side  catch-tube,  uii  rendering  the  magnet  active, 
was  very  striking.  When  there  was  les^  gas,  the  &Lieam  was 
dispersed  equatorially  in  all  direcUonst  and  less  entered  the 
tube. 

Mmo-^Ukon* — Diamagnedc  in  eu*» 

jbiimoma*^T)aLU  gas  was  evolved  from  materials  In  a  relort» 
and  tested  in  the  cMch-tnbe  above  by  mariatic  acid  in  the 
paper.  It  was  ireU  diemagnetici  oorrespondbig  u  thw  lespeot 
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with  the  duumder  of  its  elemeiitB.   It  ooold  alto  be  tery  urdl 

indicated  by  reddeDed  litmus  paper  held  over  the  tabait 
Chlorine  was  sent  from  tbe  Woulf  s  bottle  apparatus,  and 

proved  to  be  decidedly  diamagnetic  in  air.  Either  ammonia  by 
its  fumes,  or  litmus  pnper  hy  its  hecoming  bleached,  served 
to  inilicfite  the  entrance  of  the  cLiorinc  into  the  side  oatcb* 
tube  e  very  tune  tbe  magnet  was  i  cntlered  active. 

Iodine, — A  piece  of  glass  tiiljc  was  so  shaped  at  its  lower 
extremity  as  to  lorni  a  chamber  lur  the  receptiua  ot  iodine, 
which  chamber  liad  a  prolonged  mouth  directed  downwards 
SO  as  to  deliver  the  vapour  formed  within.  On  putting  a  little 
iodine  into  tbe  chamber*  then  heating  it,  and  especially  the 
mouth  part*  by  a  spirii-lamp,  and  aUerwards  imdiniog  tbe 
apparatus,  abundance  of  the  vapour  of  iodine  was  generated 
as  the  anbstance  flowed  on  to  the  hotter  parts,  and  paned  in 
a  good  stream  firom  tbe  month  downwards*  This  purple 
stream  was  diamagnetic  in  air,  and  could  be  seen  flowing  right 
and  left  from  the  axial  line,  when  not  too  dense.  If  very  dense 
and  heavy,  its  grnvity  was  such  as  to  make  it  break  thruLi;,di 
tlie  axial  Ime,  notwith.^iaudinp"  tlie  action  oi' the  moguet;  stdi 
it  wns  ninnifest  that  iodine  is  diaiiiaLMieiic  to  air. 

Biomiuc, — A  liule  bromine  was  put  inlo  the  liot  izunlal  part 
of  the  delivery  tube,  and  then^air  passed  over  it  by  the  apparatus 
already  described.  So  much  bromine  rose  into  vapour  as  to 
make  the  air  of  a  jfellow  colour,  and  caused  it  to  mil  well  in 
a  stream  by  the  axwl  line.  A  little  ammonia  delivered  near 
the  magnetic  fleld  showed  that  this  stream  was  diamagneticy 
and  hence  it  may  fairly  be  presnmed  that  the  pure  vapour  of 
bromine  would  be  diamagnetic  also. 

Cyanogen .—HiTow^y  d!?ima»^netic  in  air. 

Taking  air  as  the  standard  of  comparison,  it  is  very  striking 
to  observe,  that  much  as  gases  appear  to  diJJ'er  one  from  an- 
other in  the  deLji  i  e  of  their  (lia!na<^ietic  condition,  there  are 
very  few  that  arc  not  mure  diamagnetic  tliun  and  when  the 
investigation  is  carried  forward  into  the  relation  of  the  two 
chief  constituents  of  air,  oxygen  and  nitrogen,  it  is  still  mora 
striking  to  observe  the  very  low  condition  of  oxygen,  which* 
in  fiurt,  is  the  canse  of  the  comparatively  low  condition  of  air* 
Of  all  the  vapours  and  gases  yet  tried,  oxygen  seams  to  be 
that  which  has  the  least  diamagnetic  force.  It  is  as  yet  a 
question  where  it  stands ;  for  it  may  be  as  low  as  a  vacuum, 
or  may  even  pass  to  the  magnetic  side  of  it,  and  experiment 
does  not  as  yet  give  an  answer  to  the  rpiestion.  I  believe  it  to 
be  diamagnetic;  and  this  l)i  iici  is  strengthenetl  by  the  aclion  of 
heat  upon  it, to  be  tlesci  iljud  hereafter;  but  it  is  exceedingly  low 
in  the  scale,  and  lur  below  ciiluiiue,ioduie, uud  bucii  like  bodies. 
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All  the  oompooiidt  of  oxygen  and  nitrogen  seem  to  show 
tli9  Infloim  cSr  the  prtMoee  of  the  oxygen.  Nkroot  add 
mmu  to  lie  Urn  d«oiagn«liG  than  sir.  Nitric  oxide  mingled 
with  nitrous  acid  and  wto%  is  abont  as  air.  Nitrons  osiae  is 
dearly  diamagnetic  in  air,  though  it  contains  more  oxygen: 
bnt  it  also  contains  more  nitrogen  than  air,  and  is  also  denser 
than  it,  so  tliat  there  is  more  matter  present ;  still  I  think 
the  results  are  in  favour  of  the  idea  that  oxygen  is  diamagnetic 
By  referring  to  the  relation  of  carbonic  oxine  to  carbonic  acid, 
described  further  on,  it  will  be  seen  thnt  the  addition  of  oxygen 
seems  to  make  a  body  less  diamagiieiic.  But  the  truth  may 
be,  not  that  oxygen  is  really  magnetic,  but  ihnt  rt  compound 
botly  })osse<5scs  a  specific  diamagnetic  force,  whicii  is  not  the 
sum  of  tile  {uii'es»  oi  its  ])aiticltiS. 

It  is  very  difficult  to  form  more  than  a  mere  guess  at  the 
reladve  degree  of  diamagnetic  force  possessed  by  di£R»-ent 
gaseous  b^ies  when  they  are  examined  only  in  air,  because 
of  the  many  circumstances  which  tend  to  confuse  the  results. 
Firsts  there  is  the  invisibility  of  the  gas  which  deprives  one  of 
the  power  of  adjusting  by  sight  so  as  to  obtain  the  lyest  effect : 
tlien,  there  is  the  difference  of  gravity;  for  if  a  sas  ascend  or 
descend  in  a  rapid  stream,  it  may  seem  less  deflected  than 
another  flowing  more  slowly,  though  it  be  more  diamagnetic; 
nn<1  ns  to  gases  Tienrly  ot"  tiie  specific  gravity  of  air,  whether 
Midi  ('  or  less  diamagnetic,  tliey  are  almost  entirely  dispersed  in 
tliilciLMit  directions,  so  that  little  only  enters  the  catch-tube. 
Anotlier  modilying  circumstance  is  the  distance  ot  ilie  aperture 
delivering  gas  from  the  axial  iiiie,  wlncii,  lo  obiaiu  the  max- 
imum eilcct,  ou^ht  to  vary  with  the  gravity  of  the  gases  and 
tlieir  diamagnetic  force.  Again,  it  is  important  that  the  mag- 
netic field  be  not  filled  with  tlie  gas  to  be  examined,  and  that 
generally  speaking  only  a  moderate  stream  be  employed;  which 
however  must  depend  again  upon  the  spedfic  gravity. 

The  only  correct  way  therefore  of  comparing  two  gases  to* 
gether  is  to  experiment  with  them  one  in  the  other.  For  the 
experiments  made  with  gases,  in  gases  or  in  air  are  di£ferential, 
and  similar  in  their  nature  with  those  made  on  a  former  occasion 
with  solutions  (Experimental  lle^carclies,  23G2,  &c.) ;  I  there- 
fore cliauged  the  surrounding  nice] mm  in  a  few  experiments, 
substituting:  other  mises  for  air:  and  iirst  chose  cai  i)onic  acid 
as  fi  body  easy  to  experiment  with,  and  one  that  would,  pro- 
bably, be  more  powerfully  than  some  other  of  the  gases,  dia- 
magnetic (I  speak  as  to  llie  appearances  or  relative  results  only) 
in  air. 

I  constructed  a  kuid  of  tray  or  box,  by  folding  up  a  doubled 
Aeet  of  waxed  paper;  thus  making  a  vessel  Airteen  inches 
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Imigt  five  inches  widC)  and  five  inches  high.  Thig  was  placed 
Oil  the  ends  of  the  great  magnet,  and  the  tcrrnin?!!  pieces  of 
iron  before  described,  piftccc!  in  it.  i  he  box  was  covered 
over  luui»ely  by  plates  ot  nacu,  and  tcunud  a  \ou'^  square 
chamber  in  wiuLh  were  contained  the  ma^nelie  poles  iiiid  field. 
All  tliu  i4>riner  arrangcmtiuli,  in  respect  of  the  umgnLlic  fieldt 
tile  delivery* tube,  the  catch-tube^  ^c,  were  then  made;  aiid, 
Instly,  the  box  was  filled  with  carbonic  add  by  a  tube,  which 
•ntored  it  at  cm  corner ;  and  WM|  from  tlma  to  time,  suppliatf 
with  8  fresh  pordoii  of  gas,  u  the  pre? ioiu  oonttpli  becMM 
diluted  with  gaait  or  wt.  EvmUiing  answmd  p«rftetly» 
And  the  following  results  were  easily  obtained. 

Air  pAMod  Axiallyi  bting  Im  oiAiniigiwitG  than  flarbme 
acid  gas. 

Oxygen  passed  to  the  magnetic  axi??,  as  was  to  be  expected. 

Nitrogen  went  equatoriaUy*  b«uig  Uiaralora  diasMigiMCif]^ 
even  in  carbonic  acid. 

Hydrfl(^en^  coal-gas^  olr/iant  gas,  munaiic  ticidm\(\  ammonia 
pa&i»cd  eqyatorinlly  in  uubonic  afiid»  and  were  fairly  diamag- 
netic in  relation  lo  iu 

Carbonic  oxide  was  very  fairly  diamagnetic  in  carbonic  acid 
gas.  Here  tlie  effect  of  oxygen  aoamt  to  ba  very  well  illua* 
tratcd.  Eqaal  vo)um«i  of  carbonio  oxida  and  carbonio  acid 
contain  equal  qtiantitiaB  of  carbon  t  but  tha  formar  comaina 
only  half  as  muob  oxygen  as  the  latter.  Yet  it  is  mora  di»- 
nagnatic  than  tba  latter;  so^  tbati  though  an  additional  vol  una 
andquantity  of  oxygen,  equal  to  that  in  the  carbonio  oxlde^  is 
in  the  carbonic  acid  added  and  comprasad  into  it,  it  doas  not 
add  to,  but  actually  takes  from,  the  diamagnetic  force. 

Nitrof(s  oriffe  appears  to  be  slightly  diamagnetic  in  relation 
to  carbonic  acid  ;  but  nitric  oxide  gas  was  in  theoonUrary 
lution  and  pushed  towards  the  axial  line. 

Hence  it  seems  that  carbonic  acid,  though  more  diamag- 
netic than  air,  is  not  far  removed  irom  it  in  that  respect;  and 
this  position  it  probably  holds  because  of  the  tpiantity  of 
oxygen  in  it.  The  apparent  place  of  nitrous  oxide  close  to  it 
appears,  in  a  great  measure,  to  de^nd  on  the  same  oirconH 
stanee  of  oxygen  entering  largely  into  its  eompositioiL  Still 
it  is  manliest  that  the  action  is  not  Atvc%  as  tne  oxyfeo,  ibr 
tlien  common  air  would  be  more  diamagnetic  than  either  of 
tbam«  It  seems  rather  that  the  forces  are  modified^  aa  in  the 
case  also  of  iron  and  oxygen,  and  that  each  compound  body 
has  its  peculiar  but  constant  intensity  of  action. 

In  order  to  make  similar  experiments  in  light  gases,  the 
two  terminal  pieces  of  the  magnet  were  raised,  so  that  they 

migki  ba  covered  by  a  French  glass  sbadeb  whicW  with  itt 
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stand,  made  a  tary  good  chamber  about  tbem.  Tha  pipe  to 
supply  and  nhmy  Aa  gasaona  medioBW  and  abo  tnat  for 
bringing  tha  fss  ttodar  trial  aa  a  itraam  into  tha  magnatia 
field,  passed  uiraiigb  holaa  made  in  tha  bottom  of  tha  stand. 
Hm  diflhrant  gasaa  to  ba  aomparad  with  thosa  amplotad  as 
madia,  were,  axoapt  in  the  cases  of  ammonia  and  chlorine, 
minglad  with  a  traaa  of  mariatio  aeid»  as  balbre  describsd. 
The  gaseona  madhi  used  wars  two,  coal-gas  and  bydragan. 
Whilst  using  eos^^s,  I  obtartad  the  direction  of  tba  currents 
of  the  other  gases  in  it  by  bringing  a  little  piece  of  paper,  at  the 
end  of  a  wire  nnd  dipped  in  ammonia  solution,  near  the  stream.  ' 
In  the  case  of  the  hydrogen,  I  diffused  a  littkanuoonia  through 
the  whole  of  the  gas  in  the  first  instance. 

Jir  passed  towards  the  axial  line  in  coal-gas,  but  was  not 
much  aOected. 

Oxygen  liad  the  appearance  of  being  strongly  magnetic  in 
coal-gas,  passing  with  great  impetuosity  to  the  inas^netic  axis, 
and  clinging  about  it;  and  if  much  muriate  of  ammonia  fume 
were  purposelj'  formed  at  the  tiuie,  it  was  carried  by  the  uxygeu 
to  the  magnetic  field  with  such  force  as  to  hide  tlie  ends  of  tha 
magnetic  poles.  If  than  tha  magnetic  action  were  suspended 
for  a  moment^  thb  dond  descenaed  by  its  gravity ;  but  bmg 
onita  bdoir  the  poles,  if  thamagnat  wara^gainrmiidarad  active, 
tna  nxygan  alond  inMoadiately  startad  op  and  took  its  former 
placa.  The  attraction  of  inm  filmgs  to  a  magnetic  polo  is  not 
more  striking  than  tha  appaaianoa  prasanted  by  tna  oxygso 

under  thaaa  circumstancsa. 

Nitrogeti, — Clearly  diamagnetic  in  coa]*gas« 

Olefianl^  carbonic  oiide,  and  carbonic  acid  gases  warn  all 
slightly,  but  more  or  less  diamagnetic  in  the  coaUgas. 

Dn  substituting  hydrogen  as  the  surrounding  medium  in 
place  of  coal-gas,  more  care  was  taken  in  the  experinients. 
Each  gas  experimented  upon  was  tried  in  it  twice  at  least; 
first  in  the  hydrogen  of  a  previous  experiment*  afid  theu  ia  a 
new  atmosphere  of  hydrogen. 

Air. —  Air  passes  axially  in  hydrogen  when  there  is  very 
little  smoke  in  it:  when  there  is  much  smoke  in  the  stream 
the  latter  is  either  indiHerent  or  tends  to  puss  erjuatoriully.  J 
believe  that  air  and  hydrogen  cannot  be  far  from  each  other. 

Nitrogen  is  strikingly  diamagnetic  in  bvdrogen. 

Odggin  is  aa  strikingly  magnetic  in  raWion  to  hyJrogien. 
It  pnsantad  tha  appearancta  already  dascribad  as  oocnrring 
m  coal-gas;  bnt  as  tha  jet  ddiTarad  the  dasoenduig  stream 
of  oxygen  a  little  on  one  side  of  the  aual  liiie^  its  centrifugal 
power,  in  relation  lo  the  axial  line^  was  so  balanced  by  the 
aantripetal  power  producad  by  the  magnetic  action»  that  the 
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rtMin  at  firtt  revolted  in  a  regular  ring  roaod  tfas  and  liac^ 

and  produced  a  clood  that  continued  to  spin  round  it  as  loi^if 
tfao  magnetic  force  was  continoedy  but  fell  down  totha  bottom 
of  the  chamber  when  that  fofoa  was  removed* 

Nitrous  ozitU.'—Thh  gas  was  clearly  diamagiicdc  in  the 

bydron^en,  and  gave  rise  to  a  very  beautiful  result  in  conse- 
cjuence  ot  its  following  the  oxygen;  for  at  the  beginning  of 
tlie  experiment,  the  little  oxyiren  contained  in  the  conducting 
tube  passed  axially;  but  the  matuiiL  iliat  was  expelled,  and  the 
nitrous  oxide  issued  forth,  the  stream  changet!  its  direciion, 
and  passed  off* diamagneticaliy  in  the  most  sulking  manner. 

Nitric  oxide, — This  gas  passed  equally  in  hydrogen,  and 
therefore  va  mzantxxc  in  relation  to  It. 

.ilmonm.~Dianiaffnetl€  in  hydrogen, 

Carhonie  omdgf  eammie  aefd^  and  oiefiani  gaset  warn  dia* 
magnetic  in  hydrogen;  the  last  most  so^  and  tM  carbonic  acid 
apparently  the  least 

Chlorine  was  slightly  diamagnetic  in  hydrogen.  It  was 
clearly  so ;  but  the  cloudy  particles  might  condnce  mnch  to 
the  small  effect  produced. 

Muriatic  acid  gas. — L  think  it  was  a  little  diamagnetic  in 
the  hydro i^cn. 

Notwitiisianding  the  many  disturbing  causes  which  interfere 
vviih  first  and  hasty  experiments  of  this  kind,  and  prmluce 
results  which  occasionally  cross  and  contradict  each  other,  still 
there  are  some  very  striking  considerations  which  ari^e  in 
comparing  the  gases  with  each  other  at  the  same  temperature. 
Foremost  amongst  these  Is  the  place  of  oxygen ;  for  of  all  the 
gaseous  bodies  yet  tried  it  is  the  least  dlamagnetic»  and  seems 
ui  this  respect  to  stand  far  apart  firom  the  rest  of  them.  The 
condition  of  nitrogen,  as  being  highly  diamagnetic^  is  also  im- 
portant. The  place  of  hyd rogen,  as  being  less  d iamagnetic  than 
nitrogen*  and  of  chlorine,  which,  instead  of  approaching  to 
oxygen,  is  above  hydrogen,  and  also  of  iodine,  which  is  pro- 
bably fnr  above  chlorine,  are  marked  circumstances. 

Air  ot  course  owes  its  place  U>  the  [ii  oportlon  nnd  the  indi- 
vidual diamairnetic  character  of  tlie  oxygen  aiul  iiiti  ogen  in  it. 
The  great  clillerence  existing  between  these  two  bodies  in  re- 
spect of  nia^Mietic  relation,  and  the  striking  effect  presented  by 
oxygen  in  coal-gas  ajid  liydiogen,  bodies  not  lar  removed  iVom 
nitrogen  in  diamagnetic  force,  made  me  thinli  it  might  not  be 
impossible  to  separata  air  into  its  two  chief  constitnents  liy 
magnetic  ibrce  alone.  I  made  an  experiment  for  this  purpose 
but  did  not  succeed ;  but  I  am  not  oonTinoed  that  It  oennot 
be  done.  For  since  we  can  actually  distinguish  certain  gaseii 
and  especially  these  by  their  magnedc  properties  it  does  not 
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seim  impoMible  tbat  nfficmt  power  might  caoie  their  sepa- 
mioa  mm  a  itAte  of  mrttife. 

In  the  eoone  of  these  experiments  I  sulijected  seteral  oi 
the  gases  to  heet»  to  ascertain  whether  the^  generally  under- 
went the  same  ettltation  of  their  diamagnetic  power  which  oo* 
carred  with  common  air.  For  this  purpose  a  helix  of  piatina 
wire  was  placed  in  the  mouth  of  the  delivering  tube,  which 
itself  wns  placed  below  the  magnetic  axis  hi  (wccmi  the  poles. 
Tlie  lieiix  could  be  raised  to  any  U  inperaUire  i)v  n  little  vol- 
taic battery,  and  any  gas  could  bv  ^ciit  tfnoui^'^h  it  ami  upwards 
across  the  magnetic  field  by  means  ol  the  Woult  s  bottle  ap- 
}):n  atus  already  described.  It  was  easy  to  ascertain  whether 
the  gaji  went  direttly  up  between  the  poles,  or,  uii  making  the 
magnet,  left  that  direction  and  formed  two  equatorial  side- 
Streamy  either  bj  the  sensation  on  the  finger,  or  bjr  a  spiral 
thermoaoope  fimned  of  a  oompoand  lemina  of  pktmum  and 
silver  phnd  in  •  tube  ebofe.  In  efery  case  the  hot  gas  was 
diamagnetic  in  the  nir,  and  I  think  far  more  so  than  irthegas 
had  been  at  conunon  temperatures*  The  gases  tried  were  as 
follows :  ox^fgen,  Ditrogen,  hydroffen»  nitrous  oxid^  carbonic 
acid,  muriatic  acid,  ammonia,  coal-gas,  olefiant  gas. 

But  as  in  these  experiments  the  surrounding  air  would,  of 
necessity,  mingle  with  the  gas  first  heated,  and  so  forni,  in 
fact,  a  part  of  the  heated  stream,  I  arranged  the  platinum 
helix  so  that  I  could  heat  it  in  a  given  gas,  and  thus  compare 
the  same  gas  at  different  temperatures  with  itself. 

A  bLiearn  ol  hot  oxygen  in  cold  oxygen  was  powei fully 
diamagnetic  The  effect  and  its  degree  may  be  judged  of  by 
the  following  drcomstanoea.  When  tbe  platinnm  helix  below 
the  azkl  line  was  ignited,  the  eAect  of  heat  on  the  indicating 
compoiind  sfritaly  placed  in  a  tabe  over  the  axhd  line,  was 
soch  as  to  cause  its  lower  extremity  to  pass  through  one  and 
a  half  revolutions,  or  540^:  when  the  magnetic  force  was 
rendered  active^  the  spiral  returned  through  all  these  detrrees 
to  its  first  position,  as  if  the  ignited  helix  below  had  been 
lowered  to  the  common  temperature  or  taken  away;  and,  yet 
in  respect  of  it,  nothing  had  been  changed.  On  rendering 
the  magnet  iii;ictive,  the  current  of  hot  oxygen  instantly  re- 
sumed its  perpendicular  course  and  a&cted  the  theimoscope 
as  before. 

On  experimenting  with  carbonic  acid,  it  was  found  that 
hot  carbonic  acid  was  diamagnetic  to  cold  carbonic  acid ;  and 
the  effects  were  apparently  as  great  in  amoont  as  in  oxygen. 

On  niak.bg  the  same  arrangement  ui  hydrogen,  I  ftiled  to 
obtain  any  result  regarding  tbe  relation  of  tbe  hot  and  cold 
gas,  for  this  reason: — that  1  eonld  not,  in  any  case,  either 
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vHb  or  withont  the  nagnetio  aaioOf  obtain  any  aigiis  of  iMat 

on  the  thermoscopic  spiral  abovc^  even  whoi  the  pUtumm 

helix,  not  more  than  an  inch  below  it,  was  nearly  wnite  hot. 
This  effect  is,  I  think,  greatlv  dependent  upon  the  vapidi^ 
with  which  hydrogen  is  heated  ana  cooled  in  comparison  with 
otiier  gases,  and  also  upon  the  vicinity  of  the  cold  masses  of 
iron  forming  the  magnetic  poles,  between  which  the  hot  uns 
hns  to  pass  in  its  way  upwards:  and  it  is  most  probably  con- 
nected with  the  fact  oh-ui  ved  by  Mr.  Grove  of  the  di^culty 
of  igniting  a  platinum  wue  iu  hydrogen. 

When  the  igniting  helix  was  placed  in  coal-gas,  it  was 
found  thai  the  hot  gas  was  iliamagnelic  to  that  which  was 
cold;  as  in  aU  the  cSher  cases.  Here^  again,  an  ^ect  liiM 
that  which  was  observed  In  hydrogen  occnned;  for  when 
there  was  no  magnetic  actbn,  the  ascending  stream  of  hd 
coal-gas  coold  cause  the  thennosGopic  spiral  to  revolve  through 
only  280^  or  a00%  in  pbce  of  above  540^ ;  through  whieh  it 
oould  pass  when  the  surroondiog  gas  was  ozygsn,  air,  or 
carbonic  acid  ;  and  that  even  when  the  helix  was  at  a  higher 
temperature  in  the  coal-gas  than  in  any  of  these  gases. 

'I'he  proof  is  clear  then  tiiat  oxygen,  carbonic  acid,  and 
coal-gas,  are  more  diamagnetic  hot  tlian  cold.  The  same  is 
the  case  with  air;  and  as  air  consists  of  four-fifths  nitrogen 
and  only  one-liJth  oxygen,  and  yet  shows  an  effect  of  this 
kind  as  strongly  as  oxygen,  it  is  nmnilest  that  nitrogen  also 
has  the  same  relation  when  hot  and  cold. 

Of  the  other  gases  alio  I  have  no  doubt ;  though  to  be  quite 
eertainy  they  ought  to  be  tried  in  atmoapberes  of  their  own 
substance^  or  cIm  in  gssea  move  dianNwaetio  at  oomoMiik  lem* 

Ssratures  than  they .  The  olefianl  andooal-mea  ui  air  easily 
ore  the  elevation  of  the  helix  to  a  full  redbea^  without  in* 
flaming  when  out  of  the  exit-tube:  the  hydrogen  required  that 
the  httia  ahonki  be  at  a  lower  temperature.  Muriatio  add 
and  ammonia  showed  the  division  of  the  one  stream  into  two» 
very  beautifully,  on  holding  blue  and  red  litmus  paper  above. 

There  is  nnother  iiu)cle  of  observing  the  diamagnetic  con- 
dition of  tiaiiif,  ami  experimenting  with  the  various  tj^ases, 
whicli  is  sonieLiniL->  useful,  and  should  always  be  understood, 
lest  it  inadvertently  iiiicrht  lead  to  coiilubion.  1  have  a  pair  of 
terminal  uiagiicuc  poles  winch  are  pierced  in  a  honzunial 
direction,  that  a  ray  of  light  may  pass  through  them.  The 
opposed  &OSS  of  these  vertical  poles  are  not»  as  In  the  fimner 
case,  the  rounded  ends  of  oooes ;  but,  thoi^  nmnded  al  the 
edffosy  mapr  be  considered  as  flat  over  aa  extent  of  surfaea  an 
uicn  in  diaoieter*  The  pierced  passages  are  in  the  tan  of 
conesi  the  truncation  of  which  m  this  flat  aorftee  ia  father 
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more  than  half  an  indi  in  diaoieCer.  When  them  pdes  wm 
in  their  p]aoe»  and  from  0*3  to  0*4  of  an  inch  tpart*  a  taper 

flame,  burning  freely  between  them,  was  for  a  few  moments 
unaffectetl  hy  throwing  tbe  magnet  into  action;  but  then  it 
sudtlcnly  changed  its  form,  an(i  extending  itself  axially,  threw 
oil  two  iiorizontnl  tcuirrues,  which  entered  tljc  passages  in  tiie 
poles;  and  tlms  ii  eontuuicd  a&  long  as  the  magueUsmcootiuued« 
and  no  part  ul  it  parsed  equatorially. 

On  using  a  large  flame  made  widi  tlie  cotton  ball  and  aethefi 
tMO  arms  could  bo  thrown  from  the  flame  by  tha  fooe  of 
tbe  magnetism,  which  paawd  in  an  cqoatorial  difcctioiii  m 
bafiiffa;  and  oilier  two  parts  entered  the  passagas  in  the  nig* 
neCie  poles,  and  actually  issued  oaloecasionaUy  at  thdr  iiirther 
extremities. 

When  the  poles  were  about  0*25  of  an  inch  apart,  and  the 
smoking  taper  was  placed  in  the  middle  between  them  level 
with  the  centres  of  tlic  passages,  the  effect  was  very  s^ocxl ;  for 
the  smoke  pas<;ed  axioliy  and  issued  out  at  the  further  ends  of 
the  pole  passages. 

Coal-gas  delivered  in  the  same  place  aJsu  passed  axial!}', 
i*  e.  into  die  }>oie  passages  and  parallel  to  the  line  joining  tlieui. 

A  little  consideration  easily  leads  to  the  true  cause  of  these 
eftctSi  and  shows  that  tbqr  are  not  inconsislent  with  the 
Jbroser  results.  The  law  of  all  these  eetbns  is,  thst  if  a  par* 
lieKphMsed  amongrt  other  partidci^  be  moredtaniMnetic  (or 
lets  mi^etie)  than  tfaoniy  and  free  to  more,  it  will  go  from 
strong  to  weeker  places  of  magnetic  action  i  also^  that  particles 
less  fluamagnelic  will  go  from  weaker  to  stronger  places  of 
action.  Now  with  the  poles  just  described,  the  line  or  lines 
of  nittximutn  force,  ire  uat  coincident  with  the  axis  ot  the 
iioles  pierced  in  the  i>olcs,  ImL  lie  in  a  circle  having  a  diaiiitter, 
probably,  a  little  larger  liian  die  tliameter  of  the  hole^;  and 
the  lines  within  that  circle  will  be  of  lesser  power,  dimiiiibliiug 
in  force  towards  the  ceniie.  A  hot  panicle  therefore  within 
that  circle  will  be  driven  inwards,  and,  being  urged  bj  snooe^ 
site  portions  of  matter  driven  also  inwards^  will  find  its  w^ 
oat  at  the  other  ends  of  the  passages,  and  therefore  seem  to  go 
in  an  axial  direction ;  whilst  a  hot  partide  oatiide  of  that 
circle  of  Unas  of  maximum  force  will  foe  driven  outward%end  so, 
with  otheffs,  will  form  the  two  tongues  of  flame  which  pass  off 
in  die  equatorial  direction.  By  bringing  the  glowing  taper  to 
different  parts,  the  cirek*  of  lines  of  maximnm  magneric  inten- 
sity can  be  very  beautiiully  traced;  ;ind  i>v  placing  the  tnpcr 
inside  or  outride  of  that  circle,  tlie  smoke  cauid  be  made  to  pass 
axial Iv  or  e<|uatoria!lv  at  pleasure. 

I  urraugoi  an.  appaiuLus  on  this  principle  for  trvin^  tlte 
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flBMB,  bnt  did  not  find  it  b«tttr  tban,  or  so  good  a%  the  one 
I  have  described. 

Such  are  the  resoUs  I  have  obtained  In  veri^ing  and  ex* 
tending  the  discovery  made  bv  P.  Banealari.  1  would  have 
parsu^  them  mnch  (urther^  but  my  present  state  of  health 
will  not  permit  it:  I  therefore  send  them  to  you  with,  probably^ 
many  imperfections.  It  is  now  almost  proved  tnat  many 
gaseous  bodies  are  dianiagnetic  in  tlieir  relntions,  nnc!  probably 
all  will  be  tbund  to  be  so.  I  say  almost  proved  ;  for  it  is  not, 
as  yet,  proved  in  fact.  That  many,  and  most,  gaseous  bodies 
are  subject  to  nuigneiic  lorce  is  proved;  but  the  zero  is  not 
yet  distinguished.  Now,  uiuil  it  is  distinguished,  we  cannot 
teli  wiiich  gaseous  bodies  will  rank  as  dianiagnetic  and  which 
as  magnetic;  and,  also,  whether  there  may  not  be  some 
standing  at  zero*  There  is  evidently  no  natural  impossibility 
to  some  gases  or  vapoora  bdng  magnetic,  or  that  some  shonld 
be  neither  msgnetic  nordiamagnetic.  It  is  the  province  of 
experiment  to  decide  such  points ;  and  tlie  affirmative  or  ne* 
(native  may  not  be  asserted  before  such  proof  is  givoiy  tliDii|^ 
It  may,  very  philosophically,  be  believed. 

For  myself  I  have  always  believed  that  the  zero  was  re- 
presented by  a  vacuum,  and  that  no  liody  really  stood  with 
it.  But  though  I  have  only  guarded  myself  from  nssorting 
more  than  I  knew,  Zantedeschi  (and  I  think  also  De  la  Hive), 
with  some  others,  seem  to  think  that  I  have  asserted  the  gases 
are  7iot  subject  to  magnetic  action  ;  whereas  I  only  wished  to 
say  that  1  could  not  find  that  ihey  were,  and  perhaps  werti 
not:  I  will  therefore  quote  a  few  of  my  words  from  the  Ex- 
perimental Researdies.  Speaking  of  the  prepaiation  of  a 
ii<|uid  medinm  at  zero^  I  say,  Thus  a  Jtmd  medium  was  ob- 
tauied»  which  practically,  as  fiir  as  I  could  perceive,  liad  every 
magnetic  character  and  effect  of  a  gas,  mut  even  ^  a  vacuunij 
Experimental  Researches,  2423.  Again,  at  (2433)  1 
•ay,  At  one  time  I  looked  to  air  and  gases  as  the  bodies 
which  allowing  attenuation  of  their  substance  without  addition, 
would  permit  of  the  observation  of  corrcspondinnr  variations 
in  theii  magnetic  properties,  but  now  all  such  j)o\\  er  by  rare- 
faction a/^/^ears  to  be  taken  nwnv."  And  further  down  at(*i4S5), 
•*  Whether  the  negative  results  obtained  by  the  use  ot  gases 
and  va})()urs  depend  upon  the  smaller  quaniily  of  matter  in  a 
given  vulujne,  or  whether  they  are  the  direct  consetjueiices  of 
the  altered  physical  condition  of  the  substance,  is  a  point  of 
very  great  importance  to  the  theory  of  magnetism.  I  have 
imagined  in  elucidation  of  the  sulject  an  experiment,  &c.,  bnt 
expect  to  find  great  diffienlty  in  carrying  it  into  execntioQ,  te.** 
Happily  P.  BaneaUri's  discovery  has  nov  settled  dns  mailer 
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fur  us  ill  A  most  satisfactory  niaiiiicr.  I^nt  where  the  lrtf6 
zero  \%  or  thnt  every  bc)ily  is  more  or  le-^s  i  ciiioved  from  it  on 
one  sieie  or  ihe  oliiery  is  not^  as  jet,  experimentally  shown  ur 
proved. 

I  cannot  conclude  this  letter  without  expressing  a  liope  tliat 
since  gnses  are  shown  to  be  ma«^nieticaHy  affected,  they  will 
aliO  shortly  be  Ibuntl,  wlien  uiuler  magnetic  influence,  to  have 
liie  power  of  affecting  light  ^Experimental  Researches,  2186f 
SlilS).  Neither  can  I  refrain  nrom  signalizing  the  very  re- 
Mrkable  aod  direel  rdition  between  the  foreei  of  heat  and 
masiietiim  which  b  pretenled  io  the  experimenn  on  flames 
and  healed  air  and  gaaea.  I  did  not  find  on  a  former  occasion 
(Ezpermiental  Researchesi  SS97)  that  lotid  dianiMiettc 
bodies  were  sensibly  slfected  by  heat,  but  shall  repeat  t»e  ex* 
periments  and  make  more  extensive  ones,  if  the  Indian  phil<^ 
sophers  have  not  already  done  so.  In  reference  to  the  eftct 
ttpon  the  diamagnetic  gases,  it  may  be  observed  that»  speaking 
generally,  it  is  in  the  same  direction  as  that  of  heat  upon  iron» 
nickel  and  cobalt ;  /.  e.  heat  tends  in  the  two  sets  of  cases, 
either  to  the  diminution  of  magnetic  force,  or  the  increase  of 
rlinnii^iK-tic  force ;  but  the  results  are  loo  few  to  allow  of  any 
general  conclusion  as  yet. 

As  air  at  diliercnt  temperatures  has  different  diamagnetic 
relations,  and  as  the  atmosphere  is  at  ditllrent  tempernlm  es 
in  the  upper  and  lower  strata,  such  condition>  may  have  some 
penernl  influence  and  l  lll  ct  upon  its  final  uioLioii  and  action,  sub- 
ject as  it  is  continually  lu  the  magnetic  influence  of  the  earth. 

I  have  for  the  sake  of  brevity  frequently  spoken  in  this 
letter  of  bodies  as  being  magnetic  or  cliamagnetic  in  relation 
one  to  another*  bnt  I  trust  that  in  all  the  cases  no  mistake  of 
my  meninng  coold  arise  ftom  snch  use  of  the  termss  or  any 
vi^gue  notion  arise  respecting  the  clear  distinction  between 
the  two  dassesi  especially  as  my  view  of  the  tme  mo  has 
been  given  only  a  page  or  two  back. 

I  ami  my  dear  ^r, 

Yonrsy  &c«f 

Richard  Tai^hr,  Esq.^  M«  Faiudat, 

AL  FJkik  Mag^  ^  ^ 


LXV.  On  ihe  Motions  ymnUed  hij  WUme  "ftiim  rnider  ihe 
EUetrthMoffnetic  Infiuenct.   By  ProC  Zantedbscri. 

rriHE  moat  eminent  philosophers  have  at  all  times  maintained 
X    the  universality  of  the  magnetism  of  bodies^;  and  in 
our  days  Faraday  is  the  only  one  who  has  pbced  the  expann- 
*  Racctita  Jirieo-CUdee  JiBdiaM^  t.  iii.  Del  cotpl  nagnsiid  e  dia- 
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ble  flaids  at  the  zero  of  the  scale  of  action  among  magnetic 

and  tliamngnetic  bodies.  On  the  21st  ot*  September  1847»at 
the  Physical  Section  of  the  Ninth  Italian  Scientific  Congress 
in  Venice,  Padre  Bancalari,  Professor  of  Physics  in  the  Royal 
University  of  Genoa,  rend  a  memoir  on  the  universality  of 
magnetism  ;  and  the  argument  was  considered  by  philosophers 
to  be  of  such  importance,  that  a  desire  arose  to  verify  chiefly 
the  action  of  magnetism  on  expansible  fluids.  It  was  an- 
nounced by  ilie  Reporter  Belli  at  the  sitting  of  the  27th  of 
September,  that  it  had  been  proved  in  the  presence  of  various 
philosophers  that,  on  the  interposidon  of  a  flame  between  the 
two  poles  of  an  electro-magnei^  It  was  repulsed  at  the  instant 
the  electric  current  was  closed*  to  return  to  the  first  position 
the  instant  it  was  broken.  This  discovery  received  well- 
merited  applause  in -the  sitling  of  the  28th  of  September, 
from  the  General  Secretary  and  the  Secretary  of  the  Section  of 
Physics.  A  wish  was  exjiressed  by  some  to  witness  the  experi- 
ment of  Baiicalari ;  and  a  Daniel I's  apparatus  having  been  got 
ready,  often  elements  eighteen  centimetres  each  in  dimension,! 
endeavoured  to  repeat  the  experiment  in  the  Cabinet  of  Physics 
of  the  Royal  Imperial  Lyceum  of  Venice;  but  I  did  not  chance 
to  see  the  asserted  phsenomenon.  My  temporary  magnet 
had  the  power  of  sustaining  above  48  kdogrms.  weight;  but 
as  my  pnnciple  is,  that  a  negative  argument  never  destroys  a 
positive  one^  I  Ibr  my  further  information  requested  the 
machinist  Cobres  to  give  me  the  particulars  of  the  apparatoa; 
Belli  not  having  treated  of  these  in  his  report,  and  they  having 
escaped  Prof.  Zambra,  the  Secretary  of  the  Section.  I  knew 
that  the  two  pieces  of  soft  iron,  which  constituted  the  inter- 
rupted anchor,  were  perforated  in  the  axial  direction.  I 
suspected  that  the  repulsion  of  the  flame  was  not  the  immediate 
efiect  of  the  magnetism,  but  of  two  currents  of  air  issuing  from 
the  apertures  of  the  perforated  keeper  generated  by  a  vorticose 
movement  produced  by  the  magnetism,  as  the  celebrated 
Faraday  had  observed  in  liquids'*' ;  and  I  was  confirmed  in  this 
suspicion  by  the  negative  experiment  which  I  had  instituted  in 
Venice  with  solid  pieces.  On  arriving  in  Turin,  I  communi- 
cated my  doubts  to  the  well-known  mechanicians  Jest,  father 
and  son,  who  to  tlieir  professional  abilities  unite  a  rare  courtesy. 
They  soon  furnished  me  in  their  laboratory  with  a  Bunsen*s  ap- 
paratus, and  constructed  terminalpieces  of  soft  iron  forming  the 
interrupted  anchor,  both  solid  and  pierced,  of  a  paralklepipe- 
don  and  cylindric  form,  as  I  pointed  out  to  them;  and  I  have 
repeated  the  experiments  in  their  company :  the  temporary 

*  RaccoltOf  cited  above,  t.  ii.  Reiazionc  dcii'  iaHuenza  delie  forze  clet- 
trlefae  e  magnetidie  tulla  luoe  ed  il  calorico. 
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iiia|2fnet,  made  in  the  shape  of  a  horseshoe,  whs  Ibi  med  of  a 
cylinder  of  soft  iron  of  the  length  of  0"**335  aiki  iliu  tliaineter 
of  0'"*01.>;  ajKi  iLs  tkcLro-magnetic  spiral  was  foruit;tl  oi  a 
oop))er  wire  ionff,  and  of  a  diameter  of  a  millimetre  and 
•  third  %  the  intenuu  distance  of  (he  polea  was  0^027;  the 
two  aolid  parallelepipedoD  C0Dtect8»  rorming  the  iDterrupted 
anchor^  were  (y*'04  loDff ;  and  of  the  sides  0^*011  and  (P*006 : 
and  the  hoUow  terniiiM  pieoei  were  0^035  ]oog;  and  of  tlie 
side  Oi^'OOS.  They  were  placed  at  a  distance  from  one  another 
of  four  to  five  millimetres,  the  magnet  being  kept  in  a  vertical 
position  with  the  poles  turned  upwards.  In  front  of  the  in- 
terval of  the  ficpnration  of  the  contact  pieces  was  placed  the 
flatiiL'  otabinall  candle,  or  of  a  little  oil  or  alcohol  kmp,  so  lliat 
it  surinoiiiiiLcl  witli  its  top  by  nearly  a  fourth  the  thickness  of 
the  coiiiact-s.  The  ckcLric  circuit  was  closed  by  copper  wires, 
and  the  metallic  unujii:}  were  maintained  both  at  tlie  magnetic 
poles  and  at  those  of  the  pile  by  clamps :  one  of  the  wires 
therefore  was  divided  into  two  equal  parts,  and  the  ends 
beii^  dipped  into  a  tombler  of  mercury,  allowed  the  dosing 
and  opening  of  the  otrctiit  at  pleasure. 

I  have  comtatUly  observed  rejmkitm  in  the  ad  <^  dating  the 
drd^f  ^hirh  lasted  the  whole  time  that  the  magnetism  was  kepi 
tip  $  and,  when  in  the  act  of  opening  the  circle,  I  saw  the  Jlame 
return  ta  its  primitive  position.  Well-satisfied  with  having 
in  this  manner  confirmed  this  important  fact  which  reflects 
honour  on  its  discoverer,  I  applied  myself  to  the  study  of  the 
pha^no 111 L lion,  and  1  found — 

I.  'J7u!/  tlij!^  hajrpens  wifh  coniacls  of  boik  solid  and  holloa 
soft  iron;  whereupon  I  abandoned  my  suspicion  tiiat  the 
movement  of  the  flame  was  attribuiuble  to  currenis  of  air;  I 
convinced  myself  that  it  was  an  immediate  action  of  the  mag- 
netism upon  the  flame,— a  fact  of  the  greatest  importance  to 
eeience* 

IJ.  J%a$  ike  repmkimh  ^Bohen  U  is  quite  disHnd  and  the 
JUume  quite  pure,  and  terminated  in  a  well-shaped  tap,  is  ocw 
mumpamtd  %  depression :  repulsion  and  depression  are  simuU 
taneously  ob^rved  at  the  elosing  of  the  circle ;  the  return  of 

the  flame  and  rising  of  the  same,  at  the  opening  of  the  circle. 

III.  That,  ceteris  paribus,  the  greatest  effect  takes  place  'sshcn 
the Jlame  is  touching  the  eonve^ofthe  magnetic  curves 

by  iron flings, 

IV.  That  the  action  is  null^  or  almost  null,  when  the  Jlame 
is  placed  in  the  centre  of  the  interval  which  separates  the  iwa 
contacts, 

V.  That  in  the  manifestation  of  the  effects  stated  above,  it  is 
nai  necessary Jbr  the  contads  to  be  enHreof  septaratedx  they  may 
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be  placed  at  an  angle  and  touch  at  two  corners;  the  flame 
placed  within  the  base  of  this  triangle^  gcnenUly  nuuiiletts  the 

two  phaenomenn  indicnted. 

VI.  That  there  is  a  certain  mass,  of  ihc  contacts  (or  keeper 
puces)  which  is  the  vwH  efficacious :  beyond  a  limity  which  can 
be  shown  hij  experiment^  increase  of  the  mass  causes  a  dimuudton 
of  the  effect:  iVoin  this  I  found  the  cause  of  my  negative 
results^  which  I  obtained  in  Venice  in  the  iir^i  experiments 
that  I  made, 

VII.  Thai  ihe  mocemenl$  the  jUmt  inereate  miih  the 
number  qf  the  pairs  (of  battery  plates).  With  one  pmr  th€ 
effect  ms  nei  pereeptiae  tome* :  with  two  pairs  the  teoifemenit 
began  to  $hoa  themselves ;  with  three  pairs  ther/  became  dittimet, 
and  inereoied  with  the  increase  of  the  number  ^pairt  up  to  ten, 
which  Tas  the  greatest  that  I  employed  in  thu  euperime$U*  The 
pairs  were  of  the  known  ordinarr/  size. 

On  the  repetition  of  the  pha?nomena  as  above  stated,  the 
precaution  was  takt  ii  to  cover  the  apparatus  witli  n.  bell,  which 
was  open  nliovc  and  suppoi  tcti  by  two  discs  b(-lo\v,  wfiich  left 
a  free  acce^i  to  ilic  an  ,  by  which  to  support  liie  conibustion: 
In  this  manner  all  agitation  and  danger  of  disturbance  under 
the  ciroinulanoes  were  uwMed, 

I  maat  not  forget,  in  concluding  thb  aftide^  to  stata  tbat 
the  celebrated  Prof.  Gazzaniga,  starting  from  his  nomerotia 
experiments^  which  demonstrate  the  li3iienGe  of  magnetism 
apon  the  same  aeriform  fluids,  in  a  manner  therefore  Sfoeot 
from  that  of  Bancalari,  was  induced  to  consider  the  son  and 
all  the  other  celestial  bodies  as  so  many  enormous  magnets; 
by  which  he  established  thnt  atti  acilou  is  me:  t  Iv  an  eH'ect  of 
the  ma«^netism  of  the  gn  at  col*  siial  inasst  placed  at  an 
enormous  distance, — an  idea  wiucli  ieapi)cured  in  184()  in 
Pi  ua^ia,  and  in  1847  in  France,  as  we  see  from  the  Comj-.fes 
Raidus  of  the  Iloyal  Academy  of  Sciences  at  Paris.  'I  iie 
mysteiy  that  attraction  operatca  at  a  distance  without  inter- 
media would  be  removed  in  this  case,  and  the  phsenomena  of  * 
attractioii  would  enter  again  into  the  class  of  those  of  oommoo 
djpnamics* 
Ddia Gan. Pi«m Oct  is;  ]847,No.MI. 

*  Msm*  Jest  prepared  for  me  last  evcniqg  ao  electro- magnet  of  a 
drcniar  Ibnn  iotemipted  by  a  primmtic  aecdoiilUNring  an  internit  of  two 
xnillimctrcs ;  nnd  I  had,  without  need  of  contact  piocM,  the  phuOBWMl 
diittiiict  with  n  sint^Ie  clement.  The  most  conspicuous  moirementi  bflie 
appeared  in  the  greater  proximity  of  the  flame  to  the  aectioa. 

The  complete  appantat,  of  •  dreuUur  fimn,  fanuahod  with  a  ^hMV  bell 
with  its  accessories  is  sold  in  Turin  hy  Meiin,  Jell,  at  the  pfice  of  thir^ 
IhuBGia  not  iodadiaf  the  dectro-niotor. 
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LXVI.  On  Asymptotic  Straigki  Lbiesy  Planet^  Cone$  and  Oy< 
Unden  to  Alg/e^ical  Swrfaeet.   Jkf  Thomas  Wepdu*. 

IN  the  Ounbridge  Mathematical  Jonrnal,  fint aeries,  vol.  m 
pp.  4S-47»  the  late  D«  F.  Gregory  gave  a  very  excellent 
metbod  of  determintDg  the  asymptotes  to  algebnucu  cnnree.  I 
here  purpose  coosidering  the  corresponding  subject  relative 
to  algebraical  surfoces ;  and  as  this  seems  to  have  as  yet  en* 
gaged  bnt  little  aitentbn  (if  any)>  I  trust  the  discussion  will 
not  be  unacceptable  to  we  mathenuitical  readers  of  this 
Journal. 

I.  A  straight  line  which  passes  through  a  point  at  a  finite 
distance  and  touches  a  surfoce  at  an  infinite  aistance^  Is  called 
an  at^pioiic  gfraight  litie^  or  simply  an  a^fmpMe  to  the 
surface* 

S*  If  every  straight  line  drawn  in  a  plane  be  an  asymptote 
to  a  sur&oe*  the  plane  is  styled  a  conical  a^piotic  plane  to 

the  surface. 

3.  If  all  straight  lines  drawn  in  a  plane  parallel  to  a  straight 

line  in  that  plane  he  asymptotes  to  a  surface,  the  plane  is  ue» 
nominated  a  cylindhical  asyviptotic  plane  to  the  surface. 

4.  An  a^i/niptoiic  cone  or  cijlinder  to  a  surface  is  n  rone  or 
cylinder  having  its  generators  asymptotes  to  the  surtace. 

If  %{xyz)  denote  a  homogeneous  function  of  x^PfZof  the  qih 
degree,  it  is  plain  that  a  surface  of  the  pth  decree  may  be 
denoted  thus: 

Let 

£z5=«i:£«!=:z  =  rr  ....  (2.) 

/  flS  If  ^  ' 

be  the  equations  of  an  asymptote  to  (1.)  |)assing  through  the 
point  hence 

jp=lr+a,  3/=mr+/3,  and  jt^nt+y ; 

substitute  these  values  oi  a'^j^  and  z  in  (1.)  aud  deveiope  each 
term,  the  result  is, 

•  Communicated  by  the  Author. 

t  The  axes  may  be  either  rectangular  or  oblique ;  only  ia  the  former 
eiie  we  ihiU  bate 

bat  ielfae  fauter* 

/tgi  h  tleooiiog  the  ccMuies  of  the  aogles  which  the  axes  make  with 
other. 
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 +Df,-i+i  +  9p-,)f^^ ....  «0*, 

wisere  D  denotes  the  operation 

This  equation  will  determine  the  values  of  r  at  the  points 
in  which  the  straight  line  (2.)  cuts  the  surfiice  (1.);  now  for 
all  lines  parallel  to  an  asymptote^  one  of  these  points  is  evi- 
dently at  an  infinite  distance;  hence  a  root  of  (S.)  being  infr. 
nite,  we  most  have 

fr=0;  (4J 

and  this  equation  determmes  the  directions  of  the  asjoipiotes. 
The  equation  (3.)  hence  becomes 


I>-»f^_,+  


(5.) 


in  which  values  oH,  ?;/,  ii  satisfying  (4.)  must  be  substituted. 
Now  an  asymptote  being  a  tangent  at  an  infinite  distance^  it 
follows  that  the  asymptote  will  lie  distinguished  from  all  lines 
having  the  same  direction  by  a  root  of  (5.)  being  infinite ;  wo 
must  therefore  have 


thatis» 


(«.) 


The  equation  (4.)  shows  thai  every  asymptote  is  parallel  to 
some  generator  or  other  of  the  cone 

9p{^j/'^)=0;   (7.) 

*  In  thift  paper  I  roktrict  Ot<t>t'^,x  (either  with  or  without  a  letter  or  figurt 
subacribed)  to  denote  homogeneous  functioDs  only ;  and  when  sym> 
bob  ftand  mlone,  they  are  to  be  understood  as  functions  of  /,  m,fi|  la  oCbST 
cases  the  symbolt  of  quantity  must  be  written  ;  thuf  Xqi*y*)  homogeneous 
fiMKtbn  of  x,j^,«of  tiMftliclieiee}aMSBitiiQiiiii«5iMtim 
doe«  ol  i,m^tu 
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and  since  3y)  may  be  any  point  in  each  asytn})U)tc,  (6.)  de- 
notes the  locui>  fa,  y  being  the  variable  coordinates)  of  the 
asymptotes  parallel  to  the  same pencraiui  ot  (7.) ;  this  locus  is 
therefore  a  cyliiidi  iLai  a.-.viuplotic  plane,  and  it  is  paiadcl  to 
that  tangent  plane  of  the  cone  (7.)  which  touches  along  the 
generator.  Hence,  to  find  the  equation  of  a  cylindrical  asymp- 
totic plane^  we  have  only  to  take  sncb  values  of  /,  a  as 
satisfy  (4.)  and  sabstltnte  them  id  (G.).  It  thus  appears  that 
when  the  cone  (7*)  is  not  ima^naiyy  there  is  an  indefinite 
number  of  cylindrical  asymptotic  planes;  one  indeed  paralld 
to  every  tangent  plane  of  the  cone  (7.}i  with  a  few  excep- 
tioDSy  which  I  shall  consider  presently. 

Sboald  whicli  is  the  same  thing,  (7«)  be  resolvable 

into  factors,  then  (7.)  will  in  reality  denote  as  many  conical 
surfaces ;  and  if  any  of  these  factors  be  of  the  first  degree^ 
the  corresponding^  conical  surface  will  dsgenerate into  a  plane. 

Let  0f  be  any  iactor  of  fp»  and  put 

hence  (6.)  becomes 

when         this  rednces  to 

and  this  equation,  together  with  tf^sO^  will  supply  tlie  place 
of  (i^.)  and  (6.)  Ibr  ttiose  eviindncal  asymptotic  plaaei  that 
anparallello  thetanmtplanesof  theoonel«(xyz)aBa  Also 
iiniilar  equations  may  oe  found  for  every  fiwtor  of  f^. 
If  the  equations 

can  be  satisfied  Iw  simultaneous  values  (/)  of  Z,  m,rf,  (6.) 
cannot  be  satisfied  unless  f^-i  alsossO;  if  f^^^i  ^otild  not 
^%  there  will  be  no  cylindrical  asymptotic  plane  correspond^ 
mg  to  these  values  of  l,mjft;  but  if      =0,  so  that  we  have 

^-<'^  t-^  £f='^  '-^-^  ^) 

then  (6.)  will  be  satisfied  independently  of  «,  |3,  y.  We  have 
only  to  recur  however  to  {5.),  and  equate  to  zero  the  coefiicient 

*  8ioee  ^  it  a  bon^geamt  faactioo  of  l,m,n  of  Ibsjrtii  dcg^M^  we  Jiave 

hence  tb«  ec^uaUons  uaiouut  oniy  to  four  indepeutient  equations — the 
iMt  lour. 
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of  the  first  power  of  r  that  does  not  vanish  independently  of 
any  relalioD  among  a,  /3, 7.   If  thU  coeflkieat  Im  that  of 
we  have 

that  is, 

Hiis  eqitatloo  denotes  a  anrface  which  is  evidently  the  kwua 
of  the  asymptotes  which  are  parallel  to  that  geaerator  of  (7.) 

whose  equations  are  j-  =  ^  =       Hence  (10.)  must  denote 

a  cylindrical  soHace;  and  as  its  generators  are  all  asymptotes^ 
it  is  an  asymptotic  cylinder  <^  the  second  dmree  (whidb  may 
in  certain  cases  degenerate  into  one  or  two  cylindrical  asymp* 
totic  planes)*  Should  the  values  of  si|  a  satisfying  (9.)  also 
cause  fit  y  to  vanish  from  (10.),  there  will  be  no  correspond- 
asymptotic  cylinder,  unless  ^,,_2  =  0;  and  in  tins  case  we 
must  equate  the  coefficient  of  rf~^  in  f5.)  to  zero,  and  we  shall 
have  an  asymptotic  cone  of  tlie  third  deforce  ;  and  so  on. 

Hence,  to  cietci  mine  the  eqnntions  of  the  asymptotic  cylin- 
ders to  thu  surface  (1.),  we  must  find  such  values  (if  any)  of 
Ij  iHiH  as  satisfy  (9.),  and  subi»LituLc  ihem  in  (10.);  if  all  the 
terms  of  (10.)  sdso  vanish^  we  must  recur  to  the  coefficient  of 
f**'  in  (5.) ;  and  so  on*  There  will  be  as  many  asymptotic 
cylinders  as  there  are  sets  of  values  <ii  l^m^n  satbfying  (9.), 
imlessy  after  substituting  any  set  in  (lO.)f  &c»  the  only  term 
that  does  not  vanish  is  that  independent  of  a,  /3, 7,  in  which 
case  there  will  be  no  a^mptotic  cylinder  for  this  set  of  values* 

If  contain  a  factor  of  the  form  {$^}%  the  first  four  equa^ 
tionaof(9.)  will  be  satisfied  by  0^ bO$  and  this,  combined  with 
fp^i^Os  will  give  determinate  values  for  the  ratios  l-t-m-^-Uf 
and  the  corresponding  asymptotic  cylinders  will  be  determined 
in  the  way  just  mentioned.  It  may  happen  however  that  S,^  is 
also  a  factor  of  and  if  so,  ail  the  equations  (9.)  will  be 
satisfied  by  d^sO,  aud  (10.)  now  admits  of  simplification  as 
follows.  Let 

then  it  may  easily  be  shown  that  when 
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Ueoce  (10.)  beoomw 
that  is, 

whidi  efidently  denotes  two  parallel  cylindrical  asymptotic 
planes  $  also  since  I,  niy  n  are  here  only  connected  by  the  e<]|i]a- 
tion  If  3sOy  it  appears  that  there  are  in  general  two  ejrltndrical 
asymptotic  planes  parallel  to  every  tangent  plane  of  the  cone 

Generally,  lci{a,}',  {0,^ }'-*.;.•.  .1^  be  fectors  of 

^-t  •  •  •  •  •  ^-c-i-ii  put 

2 ere  the  subscribed  letters  relative  to  4^,  4^,  &c.  are  omitted 
r  simplicity),  then  it  may  easily  be  shown  that  when  0^=0^ 
we  have 

Df>^=0,  D«f^=0 ....  D^'f^asO,  D'^^=2.S...5.+.{Dfl^}',&c. 

Moreover,  the  equation  to  the  asymptotic  cylinder  parallel  to 

a  generator  of  the  cone  dy(j;^z)=0,  will,  by  equating  to  zero 
the  first  coefficient  of  (5.)  that  does  not  vanish  independently 
<i^^fi»7i  be  found  to  be 

and  this,  by  what  precedes,  reduces  lo 

♦.{D»,>'++'.{D<,}-  ++".{D«t}-«+ ...  .I 

it  is  evident  that  the  asymptotic  cylinder  degenerates  into  s 
cylindrical  asymptotic  planes,  all  parallel  to  a  tangent  plane 
Of  the  cone  0«('j^«)«O ;  and  there  is  in jgcneral  the  same  nnm- 
berpnrallel  to  every  tangent  plane  of  this  cone. 

The  asymptotes  to  the  sur&ce  (i .)  passmg  diroci|^  a  given 
point  (mfiy)  will  be  found  b^  determining  the  ratios  l-H»-i^jf 
by  (4.)  and  (e.)»  and  rabafittttii^  id  ■oociMioo,  each  set  of 
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simultaneous  valaes  in  (8.) ;  the  resulting  equatioils  will  be 
those  of  the  asymptotes  to  the  suHSko  that  pass  through  the 

point  (a/3y). 

Since  (4.)  is  of  the  pih  degree  and  (6.)  of  the  (/)  — l)th,  the 
equation  resulting  froni  the  eliniination  oil  (stippose)  from  {^.) 
and  (6.)  cannot  exceed  the p  {p—l  )th  degree,  and  consequently 
there  cannot  be  more  than  j)  (/>—!)  vahics  of  t!ie  ratio  ni-i-n. 
From  this  wc  learn,  that  through  any  puml  iii  space  there 
cannot  be  drawn  more  than  ^(/^— 1)  asymptotes  lu  a  buriucc 
of  the  ;7th  degree. 

This  theorem  sufl^rs  an  exception,  howevert  whicli  I  pro- 
ceed to  consider. 

It  may  happen  that  the  point  (nfiy)  through  which  the 
asymptotes  are  10  be  drawn  may  be  so  token  as  to  cause  (4.) ' 
and  (6.)  to  ha?e  a  common  fiictor  (which  I  shall  suppose 
to  be  their  greatest  common  measure).  In  this  case  (4.)  and 
(6.)  will  be  satisfied  if  x^^O;  and  eliminating  fcM»li  firool 
this  equation  by  means  of  (2.),  we  have 

X,(*-«,  y-ft  a-y)a:0 

for  the  equation  to  the  asymptotic  cone,  which  is  the  locus  of 
the  iunnmerable  asymptotes  that  pats  through  the  point  (a^/). 
(The  factor     may  sometimes  be  Teaol^able  into  other  fiietorsi 
and  then  the  preceding  asymptotic  coDe  of  the  ^  c^g'M  will 

in  feet  consist  of  several  cones  of  inferior  degrees*) 
The  division  of  (4.)  and  (6.)  by     will  give  two  eqnatloos, 

x'p-7=0,  and  x'',;  ,/_,aEO,  which  ad  nut  of  nocommon  measure. 
Now  (4.)  and  (6.)  will  besatisfieil  bvilu  se  two  equations;  but  the 
equations  j^^_^=0,  ,  !  =0.  w  ill  determine  not  more  than 
{P  —  p  —  fj—l)  sets  of  valiiL-,  oi  tlie  ratios  l^in^n^  hence 
(excluiinig  Uie  generators  oi  the  cone  corresponding  to  X») 
not  more  than  (Z'— J— i)  asymptotes  can  pass  througn 
the  point      ^,  y). 

In  order  to  find  tiiose  points  (if  any)  which  are  the  vertices 
of  asymptotic  cones,  eliminate  one  of  ttie  Quantities  /,  n  from 
(4.)  and  (6.),  and  find  thosevaloesof  uiatwiU  renderall  the 
coefficients  of  the  resulting  equation  equal  to  zero.  If  nosncfa 
values  be  possible,  the  surmce  (1.)  does  not  admit  of  an  asymp« 
totic  cone ;  but  if  values  ap  of  a,/3,y  can  be  founds  then 
the  point  {a^  /3j  y^  will  be  the  vertex  of  an  asymptotic  eone* 
To  And  the  equation  of  tijis  cotic,  we  must  substitute  «j,  y^ 
for  otj^ty  in  (6.),  ami  ascerlam  '3  ihu  CDDimon  measure  of  (l-.) 
and  {^^^  thus  modilieti ;  tlica  will  — a,,  /3„  *  — y,)=0 
be  the  equation  to  tiie  asymptotic  cone,  Imvini?  its  vertex  at 
the  point  (a,  /S^  y^).  If  tiie  equation  re^uiiiug  li  oui  Uie  (jUmi- 
nation  of      or  n  from  (4,)  ami  (6.)€an  be  rendered  ideuticaliy 
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Mro  by  other  siiiiollBiMQfas  valimof  «,/3,y,  thm  will  bets  mMijr 
MjriDptotic  cooes  at  there  are  sets  of  values.  When  the  eli- 
mination referred  to  above  is  effected  by  the  process  for  the 
common  measure,  the  factor  5,^  will  be  the  last  of  the  remain- 
ders tiiat  do  not  vanish  when  a,,/3i,y,are  substituted  for  a,p,7. 
It  will  sometimes  be  tuutKl,  however,  that  (4.)  and  (6.)  Imve 
a  common  measure  indepeuck ni ly  of  «,/3,y,  arising  rrom{5^}* 

and      being  factors  of  ^  niul  -     ;  and  in  this  case  we  must 

proceed  with  this  commou  meaj)ure  lu  the  way  to  be  noticed 
presently. 

When  we  know  that  (4.)  cannot  be  resolved  inlo  factors, 
the  determination  of  the  asymptotic  cone  is  very  easy;  for 
since  (4.)  adoilts  of  no  measure  bat  Itself  and  (6.)  Is  of  an  tn- 
Jtrior  degree^  it  is  evident  that  if  there  bean  asymptoUe  cone^ 
(6.)  most  be  identical!  J  aeto;  hence  if  siich  Talues  j3|,  can 
be  given  to  a^fi^y  as  to  cause  the  coefficients  of  (d.)  to  ▼anisfa» 
there  wiil  be  an  asymptotic  cone  of  thejith  degree  namely^ 

but  if  the  coefficients  cannot  be  l  eiidercd  zero  siiiiiiUaneously, 
there  will  be  no  asvmptotic  cone.  Since  a^^^y  enter  (6.)  in  the 
first  degree  only,  there  will  evidently  be  at  most  only  one  set 
of  values  of  ^P^y  that  will  render  (6.)  identically  zero ;  and 
hence  a  surface  of  the  pih  degree  may  have  one  asymptotic 
cone  of  the^h  degree,  but  not  more,  and  it  isplain  that  there 
cannot  be  an  asymptotic  cone  of  a  higher  degree. 

If  (4.)  admits  of  being  resolved  into  factors,  and  these  fac- 
tors can  be  found,  the  asymptotic  cones  may  he  determined 
as  follows.  Let  be  one  ot  the  factors  of  (f^,,  and  Jet  5,^  itself 
be  irresolvable  into  factors.  An  aiige  (6.)>  o»'  rathi  r  (8.),  nnd 
^.^  accHirdinn;  Lo  ilie  powers  of  eiiher  /,  m  or  n  {i  suppose),  aiitl 
divide  the  loi  uiei  l)y  the  latter  until  the  remainder  is  of  lower 
dimensions  in  /  than  L ;  then  since  0f  is  irresolvable  into  iiu> 
lor%  it  is  dear  that  this  remainder  ronst  be  identically  lero: 
find  therefore  a^,;^,,  the  values  of  «,/3, y,  that  make  the  coeft* 
cienu  of  the  remainder  vaaish»  then  l||(ir— |3|i  »«-y,)«o 
will  be  the  asymptotic  cone.  As  a^fi^  y  eolar  (8.)  In  the  first 
degree  and  do  not  enter  there  cannot  be  uiore.  than  OQO 
set  of  values  of  a,/3,y,  il  indeed  there  be  any.  The  same  pro* 
cess  being  repeated  with  each  of  tlie  otlier  prime  factors  into 
which  (  k)  is  resolvable,  we  shall  have  ail  the  asymptoUofiones 
which  the  surface  admits  of. 

The  preceding  proctiss  mjuires  njodification  when  the 
second  ui  any  higher  power  of  a  taclor  o\  Pp*  As  an  ex- 
ample, suppose  that  {5,^}*  enter-,  a-,  a  laclur  into  ,  and  put 
|j^=4f.{5^}*  (6,  uut  being  a  iactor  of  4^).   Wlieu  6^=0,  Df^ 
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-hPp-i—O,  reduces  to  ^^_,=0,  and  conseaaeolly  there  will  be 
no  nsymptotic  cone  uoless  be  a  factor  or  fp^ii  if  sOfietf^i 
csit^.d^  then 

becomes  v|/.D5^4-fp_a=0,  which  is  of  the  first  degree  in  a.S,y, 
nnd  thh  (instead  of  (8.))  boinir  coinlnnccl  with  ^  ,  =  0,  may  give 
an  aiiymploiic  cuae.  It  {^^}~  iiowever  be  a  iucloi  oif^^i^  tiien 

becomes  fj^tsOi  and  there  will  be  noav^mptoUc  eone  unless 
I,  be  a  fiictor  of  tiua  be  the  case,  assume 

and  f»p-.is4^«0f»  then 

reduces  to 

^.  {  Da  J« -f  4/'.Dd,  +     3 = 0  ; 

and  this  equation,  which  replaces  (8.),  combined  with  9^  =  0, 
may  give  one  or  two  asymj)totic  cones  (but  not  more,  as  will 
be  shown  below),  unless  fl,,  should  enter  both  and  ^„  in 
a  higher  power  iliun  has  btcn  supposed ;  we  sliali  then  liave 
0^>s=0;  and  hence  must  (if  there  be  an  asymptotic  cone) 
be  a  fretor  of  f^.^^-   Suppose  therefore 

55^^^ 

becomes 

and  tbtfl  equation  (which  cannot  be  satisfied  independently  of 
a,  jSy  y,  for  6^  is  not  a  lactor  of  4^),  oombined  with  6^=0,  may 
give  four  asymptotic  cones. 

Similarly,  if  {$  }•  be  the  highest  power  of  1^  that  is  a  factor 
of  it  may  be  shown  that  ohP^y  enter  the  eouation  to  be  com- 
bined with^f 8s0^  ODiy  throogb  JD^,  and  tnat  this  equation 
may  rise  to  any  degiee  in  138,  (except  the  (t-*l}th)  not  tsz- 
ceeding  s. 

Hence  when  a  power  (s)  of  6^  is  a  factor  of  fp,  we  must 
ascertain  the  highest  powers  of  6^  that  are  factors  of  fp-i, 
.,.^p_n.}5  also  the  first  term  of  (1.)  that  has  not  lor 
a  factor;  we  must  then  equate  to  zero  ilie  coefficient  (reduced 
as  above)  of  the  highest  power  of  r  in  (5.;  thai  doea  not  vanish 
independently  of  a^l^y.  If  a,  /3,  y  dij>appear  from  this  equaticm 
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80  that  it  becomes  ^^_<=0,  there  will  be  no  asymptotic  cone; 
but  ii  this  be  not  the  case,  tlien  the  reduced  equaiiou  must  be 
combined  with  d^=0|  in  the  same  way  as  directed  for  (8.)  and 
d^=0,  and  we  may  get  asymptotic  cones  though  not  more  than 
f  of  them.   I  prooied  to  establish  Ch«  last  assertion. 

It  has  been  shown  above  that  if  {d^}'  be  the  highest  power 
of  L  tliat  is  a  fmcua  of  then  the  equation  to  be  combined 
with  0f  bO  will  be  of  the  Ibrm 

+.{Dd^}'+4/.{Dd^}'-^+  =0,  .  .  (13.) 

where •^^Aonoi  involve  7,  and  t  may  be  equal  to^ 
but  cannot  be  greater  than  s.  Now  if  there  be  a  correspond-* 
ing  asymptotic  conc^  let  (aijdtyi)  denote  iu  vertex ;  then  if 

(which  I  shall  denote  by  Djd  J  be  substituted  for  IM,  in  (13.), 
the  resulting  equation  will  be  satisfied  by  aid  (if  necessary)  of 
l^sO;  hence  (18«)  must  be  divinble  by  IM,— D|0f>  so  that  it 
mav  be  written 

(IW,-D,g(+.{Dfl,}'-»+....)=0.  •  •  (14.) 

Also^if  eL^fipy%  be  anothersetof  values  of  fle,/3y,  satisf\-ing  ( 1 3.)» 
they  must  redfncethe  second  fiwtor  of  (14.)  to  zero^  for  £e  first 
is  of  a  lower  degree  than  9^  Hence  4^{Dd^}'^'+* •  •  •  must 
be  divisible  by  Dd,  —  D^^;  and  so  on.  In  this  waj^  we  shelly 
after  a  certain  number  (v)  of  divisions,  get  an  equation, 

4f.{D5j .  =0, 

which  either  does  not  contain  Dfl^  (miuI  liunce  a,/3,  y)  nt  all,  or 
which  cannot  be  satisticd  by  any  values  ol  ^,B,y.  Rejecting 
this  factor  ihen  as  affording  no  solution,  (1    1  is  equivalent  to 

(135,  -  D,g(Dd,-D,y  (Dd,-  D  g  =  0, 

and  each  of  these  factors  will  give  but  one  set  of  values  of  a»|9»7; 
hence  there  will  be  bat  v  asymptotic  cones^ 

and  since  v  cannot  exceed  t,  nor  t  exceed  5,  it  follows  that 
there  cannot  be  inui  e  tlian  s  asymptotic  cones  resulting  from 
a  factor  ot'<f^  ot  the  ioim 

When  &j  is  of  the  first  degree,  it  is  clear  that  instead  of  an 
asymptotic  cone  we  shrill  have  a  plane;  and  since  any  point 
in  it  may  be  regarded  as  the  vertex,  every  straight  line  drawn 
in  it  will  be  an  asymptote ;  hence  the  asymptotic  cone  will  in 
this  case  become  a  conical  asymptotic  plane :  also  since  $^  is 
here  of  the  form  Al  +  Bsi + Cn, 

D4,=A«+B^+Cy, 
PkU.  Mag.  8. 8.  Yd.  81.  No.  SIO.  Dee.  1847.       d  F 
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which  does  not  in^olTe  /,  m  or  &  H«ooft  to  dotaraiM  tht 
conical  asymptotic  plaaoi  (If  any)  to  Um  anrfim  (l.)>  ^  mint 
take  those  factors  of  fp  thai  are  of  the  first  degree,  and  proceed 
•8  difected  above  for  asymptotic  cones ;  with  thu  modification, 
however,  that  Dd,  not  contaiDUig  m  or  ii  mutt  be  regenM 
as  a  single  constant,  and  consequently  the  process  will  be  much 
simplified.    If  V„  not         be  the  valaes  of  IM. 

corresponding. to  the  factor 

we  shall  have 

as  the  equations  to  the  conical  asymptotic  planes  relative  to 
this  factor. 

It  appears  from  the  preceding  reasoning,  that  If  the  eqaation 
(4.]>  or^  which  is  the  same  things  the  inghest  homogeneous 
function  in  the  equation  to  the  surface  (1.)  can  be  resolved 
into  a  factors  of  the  first  degreesi  b  factors  of  the  second  de- 
gree, c  factors  of  the  third  degree,  &c.  (here  a  factor  of  the 
form  {$  }'  is  to  be  accounied  s  factors),  then  the  surface  may 
admit  o4  but  cannot  have  more  dian  a  asymptotic  cooes  of  the 
first  degree,  that  is,  a  conical  asymptotic  planes,  b  asymptotic 
cones  of  the  second  degree,  c  asymptohc  cones  of  tne  third 
degree,  Sec.  Some  of  these  cones-  iiiav  have  the  same  vertex  ,* 
and  since  a  -f  '2h  4-  ....  =/),  the  degree  of  the  aggregate  of 
all  the  a&ymptolic  cones  to  a  suriace  can  never  excc^  that  of 
the  surface  itself. 

1l  will  be  been  tluiL  unless  equal  facLoia  eiiler  the  higliest 
homogeneous  function,  the  asymptotic  cones  to  a  surface  de- 
pend only  on  the  two  highest  homogeneons  fonctions  hi  id 
equation ;  and  henoe  (the  above  ease  excepted)  all  snHaces 
having  the  two  hkhest  homogeneons  foncttoiis  in  Amr  eooa- 
tloas  Ideaticalt  wul  have  the  aemo  aigrmptotic  cones.  Alio 
conversely,  it  is  plrnn  that  those  inrboes  that  have  the  maam 
asymptotic  cones  most  have  the  two  highest  homogeneoqs 
functions  in  their  equations  Identical,  providing  the  degree  of 
the  equations  to  the  surfaces  be  exactly  equal  to  that  of  the 
aggregate  of  the  cones.  Now  this  aggregate  may  be  consi- 
dered one  of  these  surfaces ;  hence  if 

be  the  equations  to  cones^  the  aggregate  of  which  is  of  tho 
0th  degree,  the  eqwition  to  all  the  surfaces  of  the  pih  degree 
naving  these  for  asymptotic  cones  may  be  denoted  by 

WimUeaoOf  Sumy,  Nor.  l%Wtt 
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LXVII.  On  the  Chemical  Composition  of  the  Substances  em* 
ployed  in  Pottery,    By  Mr.  R.  A.  Couper*. 

LL  kinds  of  earthenware  are  composed  of  two  partSi  viz. 

l)0(]y  and  the  glaze. 
The  bod^  is  the  principal  part  oftlie  vessel,  being  the  base 
or  foundation,  as  iiidicaled  by  the  term  itself.  The  glaze  is 
a  thin  tran«.pareiit  layer  of  glass  whicii  covers  the  body  and 
iiiis  up  its  pores,  giving  it  a  smooth  suriace  with  a  polished 
and  a  fniished  appearance. 

I.  The  substances  principally  employed  to  form  the  body 
i)i  eardienware  ar^  days  ot  different  kmds,  flint  and  Curnisn 
stone. 

Cla^  which  constitutes  the  base  of  tlie  body  of  earthenware 
It  distmipufhed  from  siliceous  earth  by  becoming  pUstic  when 
mixed  with  water,  and  being  very  soft  and  not  gritty  to  the 
feel;  also  when  burned,  it  keeps  its  fonn^  and  becomes  firm 
and  solid;  wheieaa  siliceous  earth  crumbles  into  a  powder 
when  burned.  Clay  when  intensdv  heated,  as  in  jx>roelun 
manufactories,  do^  not' regain  its  plasticity,  which  it  loses  in 
the  burning  although  pounded  very  fine^  m  which  state  it  is 
technically  termed  potsherd. 

Clay  is  obtained  naturally  from  Cornwall,  Dorset,  and 
Devonshire,  and  is  the  finer  particlea  of  decompoeed  felspar 
deprived  of  its  alkali. 

1.  The  finest  clnv  (termed  China  clay)  used  in  Britain  is 
obtained  artificial U  from  Cornwall,  by  running  a  «;trcam  of 
water  over  deroinpo^cd  granite,  which  carries  with  it  the  finer 
particles  of  jelspin  ,  and  is  ihcii  received  into  catchpools  or 
ponds  where  it  is  allowed  to  .subside.  The  water  is  then  run 
off,  leaving  a  fine  sediment,  which  is  renu)VLd  and  exposed  lo 
the  atmosphere  for  four  or  five  months,  \s  lien  it  is  ready  lor 
export.  By  aIl;ily^)s  of  tiiis  ciay  pieviuusiy  dried  at  212^,  I 
found  it  to  consist  of— 

Silica  46*SS  46*99 

Alumina                   89-74  40*09 

Protoxide  of  iron  •   .     'S7  *27 

Lime  *S6  /50 

Magnesia    «...  *44 

Water  and  some  alkali  12*67  12*67 

99*80  99*89 

For  the  second  analysis  I  am  indebted  to  Mr.  John  lirown. 
The  more  common  clays,  which  are  found  naLurally  depo- 

*  li  ad  before  the  Philosophical  Society  of  Glasgow,  April  ^8, 13479 
and  comnniolcatad  If  Dr.  R.  P.  Tboauon. 
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■Itody  wre  suppoitd  to  Iwve  been  prodoced  in  a  similar  manner 
to  the  cbina  day ;  the  rains  having  tmhed  from  the  hiib  the 
deoonpowd  rock  into  a  lake  or  estuary,  where  it  has  eobiided 
and  gnulually  displaced  the  water,  and  k)ecome  in  the  course 
of  time  perfectly  firm  and  solid,  fnrming  fields  oFclflv.  Tlie 
clay  is  found  in  layers  or  strata  lying  over  each  otlier,  each 
layer  possessing  some  distinctive  property  tioiu  the  Other» 
wnich  renders  each  clay  fitted  lur  a  peculiar  purpose. 

2.  Sandxf  cUaj  (stiff'  or  ball)  is  the  upper  layer  of  clay,  and 
is  iisLtl  by  itself  for  making  salt  glazed  ware ;  it  is  well  adapted 
for  this  kind  of  ware,  in  consequence  of  the  considerable  quan- 
tity of  silica  or  sand  which  it  contains.  By  analysis  oi  this 
elay^  I  foond  it  to  be  composed  of» 

Silica  66*68 

Alumina  S6*08 

Protoxide  of  iron   •   •  «   •  J*26 
Lime  *8i 
Magnesia  •«•••••  trace 
Water  514 

100-00 

being  previously  dried  at  218°,  specific  gravity  s  8*558. 

8.  Pip$  d4^  is  the  second  layer»  which  is  used  in  making 
tobacco  pipes*  This  clay  is  not  employed  in  manufacturing 
earthenware,  owing  to  its  possessing  the  property  of  contract- 
ing more  than  sandv  day.  It  waa  analysed  by  Mr.  John 
Browu>  who  obtained—- 

Silica  53*66 

Alumina  .......  32*00 

Protoxide  uf  iron  ....  1'35 

Lime   *40 

Magnesia  trace 

Water  18*08 

99-49 

4.  Blue  clay  is  of  a  grayish  colour,  and  is  considered  the 
best  layer  of  clay  in  the  whole  series,  owing  to  its  burning 
perfectly  white,  and  approaching  in  character  nearest  to  the 
china  day.  As  analysed  by  Mr.  John  Higgiabotham,  it  was 
found  to  consbt  of-^ 

£Slica  46*88 

Alumina  88*04 

Protoadfleof  iron  •   •  •   •  1*04 
Lime  ...•••«•  1*80 
Magnesia   ••«•««  trace 
Water  13-57 

iOM8 
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also  previously  dried  at  212°.  There  is  a  variety  of  other 
clays  obtained  iiom  these  iiekU,  which  are  of  less  value,  and 
ne^  not  be  enumerated  here,  as  they  are  similar  in  appear- 
ance to  those  alrefldy  noticed* 

5,  Red  mr  hroem  clay^  which  is  very  abundant  in  the  neigh- 
bonf  hood  of  Glasgow^  it  a  snrlace  day,  and  contains  a  laige 
quantity  of  peroxide  of  iron,  which  gives  it  a  deep  brown 
colour.  It  is  of  this  clay  that  common  black  ware,  flower^ 
pots,  and  red  bricks  are  made^  which  do  not  require  a 
very  high  temperature^  else  they  would  fuse*  The  analysis 
gave— 

Silica  49 

Alumina  34*26 

ProCoKide  of  iron  *   .  .  •  7*74 

Lime  1*48 

Magnesm    ••••••  1*94 

Water  5*14 

100*00 

6.  YcUcttD  clay  is  obtained  from  various  parts  of  the  country, 
and  is  so  called  iiurn  possessing  a  yellow  colour  both  before 
and  alter  being  burned,  owing  to  the  presence  of  iron. 

By  mixing  sandy  clay  and  red  clay  together,  we  gain  an 
artificial  yellow  clay,  which  is  ofken  emploved. 

Yellow  clay,  as  analysed  by  Mr,  John  JBrown,  was  found  to 
contain^' 


Silica   .  58-07 

Alumina  •    •  27*38 

Protoxide  ot  iron    .    .    •    •  3*30 

Lime  '50 

Water  10-30 

Magnesia  trace 


99*55 

7.  Fire-clay  is  also  very  abundant  in  this  conntry,  and  oc- 
curs boih  cm  the  surface  and  several  fathoms  under  ground. 
It  is  tein;ed  marl,  and  is  used  principally  in  potteries  fur  ma- 
king saggars  or  vessels  for  placing  the  ware  previous  to  burn- 
ing to  protect  them  frcun  the  flame;  and  owing  to  its  coarse 
partideBy  whidi  cause  the  body  to  be  very  porous,  is  well 
adapted  fat  strong  heats:  crucibles,  or  large  pots  for  glass 
works,  In  which  the  glass  b  fused,  are  also  made  from  fire- 
clay, as  well  as  bricks  known  under  the  name  of  fire-brick. 
Hiis  clay  was  analysed  by  Mr.  John  Brown,  who  obtained — 
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Silica  66*16 

Alumina  22*54 

Protoxide  of  iron  .    .    .    .  5*31 

Lime  1*42 

Magnesia  traoe 

Water »  8*14 

98*57 


8.  Flint  as  used  in  potteries  is  first  calcined,  then  water- 
ground,  in  which  state  it  is  used  for  mixing  with  clays,  and  is 

called  slop  flint;  but  for  glazes  it  is  evaporated  to  dryness, 
and  used  in  the  dry  state  with  other  articles  which  constitute 
the  glaze. 

9.  Coi  nisii  stone  or  granite  is  water-ground,  then  evapo- 
rated U)  ch  vnt'ss  lor  mixmg  in  glazes,  and  is  used  in  the  slop 
state  for  mixing  vviili  clays. 

10.  Plaster  of  Paris  or  g)'psum,  which  is  employed  ui  form- 
iDg  the  moulds  in  which  certaili  kinds  of  pottery  are  cast.  Is  a 
native  sulphate  of  lime.  It  is  a  very  important  article  to  the 
manufiMSturer  of  earthenware,  owing  to  its  singular  property 
of  partinsr  easily  with  the  claj^  by  the  application  of  a  slight 
heat.  l7aster  of  Paris  re(juires  to  be  dried  at  a  high  terop^ 
rature  before  using  it;  but  if  it  is  over-dried,  it  will  not  again 
set  for  making  moulds ;  the  drier  the  stucco  the  harder  are 
the  moulds  that  are  made  of  it,  and  they  will  stand  more 
readily  a  greater  degree  of  wear.  Plaster  of  Paris  casts,  as 
commonly  prepared,  catHiot  again  he  used  for  the  same  purpose. 

11.  The  colours  used  for  printing  and  painting  on  ware  are 
similar  to  one  another,  excepting  that  the  colours  for  pn  in  tin  nr 
ma^  not  be  so  expensive  as  for  printing ;  both  however  loi  in 
an  important  and  extensive  part  of  the  muici  ials  of.  a  pottery. 
The  manufiicturers  of  earthenware  are  mndi  occupied  with 
the  improvement  of  the  v^ric^ty  and  beauty  of  the  ooionr%  as 
wdi  as  of  the  patterns  or  styles  that  are  produced,  and  hence 
a  great  emulation  exists  among  those  employed  in  the  trade. 

1.  The  blue  colour  in  printing  is  produced  from  cobalt, 
which  is  used  with  flint,  ground  glass,  pearlash,  white  lead, 
barytes,  china  clay,  an<?  oxide  of  tin  in  reducing  its  strength, 

2.  The  brown  colour  by  ochre,  mnnf^nnc«;c,  and  cobalt. 

S.  The  black  colour  by  chromate  ot  iron^  nickel^  iroD8tone» 
and  cobalt. 

4.  The  greeii  colour  by  chrome,  oxide  of  copper,  lead,  flint, 
and  ground  glass. 

5.  The  pink  colour  by  chrome,  oxide  of  tin,  whiting,  flint 
ground  glass,  and  china  day,  whtdi  are  mixed  in  various  pro- 
tiortions,  fused  together  at  a  high  temperature,  then  pounded 

id  mixed  with  oii,  when  it  is  ready  for  the  prmtera  nse. 
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For  the  following  anelyrie  of  a  blue  oobelt  ctlx»  I  am  in** 
debced  to  Mr.  Joho  Ademi-» 

Silica   IT'S* 

Peroxide  of  cobalt   19*42 

Peroxide 'of  iron   85*50 

Water   8*41 

Garbooate  of  iimeend  nia^neaia  .  98*45 

99-62 

The  oil  that  is  used  for  mixing  with  the  colours,  is  made 
by  boiling  the  followinf^  substance^  togetiier;  viz.  linseed  oil, 
rnpe  oil,  sweet  oil,  robin,  common  tar^  and  balsam  copaiba  in 
various  proporlioiis, 

III.  It  is  but  recently  since  a  new  method  has  been  applied 
to  came  the  crionre  to  flow  or  spread  over  the  atirface  of  the 
ware.  This  object  fa  effected  by  washing  the  eaggife  in  which 
the  ware  b  placed  previous  to  its  being  fired  in  the  glost  IdlOi 
with  a  mixtnre  of— 

1.  Ltme»  common  salt,  and  clay  slip.  Drv  flows  arc  n]so 
used,  whidi  answer  equally  well,  the  mixture  being  sprinkled 
on  the  bottom  of  the  saggar.  The  following  are  some  of  those 
flows: — 

2.  Lime,  sal-ammoniac  and  rod  lead. 
8.  Liinc,  common  salt,  and  soda. 

4.  Whiting,  lead,  salt  antl  iiiire. 

5.  But  there  is  a  wash  made  of  lime,  clay  slip,  nitre,  bait, 
lead,  in  general  use  for  washing  all  the  saggars  employed  in 
the  ^loat  Iciln,  whidb  fitses  <m  no  inner  snrlm  of  tlie  saggar, 
making  it  perfeetly  dose  and  not  poroai^  otiierwise  the  gloie 
feouirod  on  the  nirfiioe  of  the  ware  would  not  be  obtains 

IV.  The  eolmirs  used  in  producing  the  dipt  or  sponged 
ware  are  of  a  very  dieap  kind,  as  it  is  only  for  common  piir- 
poses  that  they  are  employed.  The  colours  when  used  for 
dipt  ware  are  put  on  the  ware  before  it  is  burned ;  and  when 
used  for  spon^^ed  wnre,  nre  put  on  the  ware  in  the  biscuit 
State.    The  following  are  some  of  those  colours  : — 

1.  A  black  dip  is  made  from  maoganesei  ironstone  and 
day  slip. 

§.  A  drab  dij)  by  nickel  and  slip. 

3.  A  sage  or  a  greenish-blue  dip  by  green  chrome  and  slip. 

4.  A  blue  dip  by  cobalt  and  clay  slip. 

5.  A  yellow  dip  by  prellow  clay  alone,  or  a  compound  of 
white  and  red  day,  which  produces  the  same  results. 

6.  A  red  dip  is  produced  from  the  red  or  brown  clay ;  but ' 
it  is  not  every  quality  of  this  day  that  will  answer^  as  it  re* 
quires  to  burn  red. 

The  first  ibnr  of  these  dips  are  prepared  by  maiug  a  little 
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of  the  coloiirinfj  agent  with  a  quantity  of  clay  slip  ;  whilst  the 
two  labt-mentioneu  dips  are  mixed  with  water  tu  produce  the 
slip  state,  in  which  state  they  are  employed. 

V.  There  are  several  kinds  of  bodies  manufactured  ;  but 
they  may  be  all  classed  under  two  heads,  viz.  purceiain  and 
earthenware. 

1.  Portdain  or  d^ina  is  a  ricb,  very  smooth  and  traDspa- 
rent  ware«  and  u  the  finest  qaality  that  has  yet  been  mana- 
faetured.  It  is  a  fused  body,  and  owes  its  trans|)arency  to 
this  circamstanoe ;  it  also  re(pure8  a  very  high  temperature  to 
bum  it,  and  is  manufactured  in  this  country  from  flint,  Cor- 
nish stone  (granite),  china  clay,  and  bone-earth ;  the  lime 
employed  nctiiig  as  a  fliix,  partly  fusing  it.  By  analysis  of 
two  pieces  ot  china  from  ditierent  manufactories  in  Stafford- 
shire, I  found  them  to  be  diflferently  composed.  Tlie  last  of 
these  pieces  was  also  analysed  by  Mr.  Crichion,  the  three 
uiiuiyije:s  being  as  lullows:— 

No.  1,  by  R.  A.  C.  No.  2,  by  R.  A.  C.  No.  2,  by  W.C. 

Silica  99*88  40*60  89*685 

Alumina.   •    •    .   21*48  24*15  24*650 

Lime   10*06  14*22  14*176 

Magnesia     .    'IS  'Sll 

Alkali  or  difference     y  t  5-28  __.^792 

1 00-00  10000  lOiTOOO 

2.  Foreign  manufacturers  do  not  employ  boiic-earth  ;  but 
instead  of  it  tl)ey  use  felspar,  the  alkali  ol  vvliich  supplies  the 
place  of  the  phosphate  of  lime.  The  Germans  make  the  best 
porcelain  for  chemical  purposes,  as  that  body  is  more  vitrified 
and  less  liable  to  be  acted  upon  by  acids»  as  well  as  .being 
capable  of  standing  a  very  strong  heat ;  and  hence  it  is  ezten* 
sively  used  by  chemists.  By  the  analysis  of  some  speciniens 
of  foreign  porcelain^  1  obtained  the  following  results ; — 

Berlill.        Oiinesc  Porcelain, 
superior,  inferior. 

Silica   72-96       71  01.  68*96 

Alumina  and  protoxide  of  iron    24'-78       22  46 

Lime  1*04        S'82  1*60 

Alkali   1*22  2*68   

100*00     100*00  99*80 

Specific  gravity   2*419      2*314  2*S14 

VL  Earthenware  is  a  very  porous  and  less  compact  body 

than  china  or  porcelain,  owing  to  its  containing  little  or  no 
alkali»  which  is  the  great  difference  between  thesebodies.  I  had 

a  piece  of  ware  manufactured,  resembliufy  in  appearance  porce- 
lain, SL&  regards  the  abj»ence  of  porosity  and  its  compactness* 
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slightly  transparent,  ntul  capable  offvtanding  a  very  strong  and 
sudden  heat;  itwas  produced  b)  luixiii^  soda  to  the  cxtenLof  S  r 
percent,  in  a  little  clay  prepared  for  die  common  white  body,  and 
was  then  fired  in  Uie  biscuit  kiln.  The  clay  employed  having 
been  previousiy  well  dried,  so  as  to  weigh  it  without  water,  the 
proportional  quantity  of  soda  requisite  was  then  calculated  and 
wt^jiied  out ;  th^  day  was  again  mixed  with  wolar  along  with 
tha  soda ;  it  was  than  fennedinto  capsulas,  which  afler  oeina 
fired  and  then  broken^  presanlad  the  appearanoa  of  a  ?itrifi«3 
or  fused  body. 

1.  The  common  white  ware  or  earthenware  is  made  from 
flint,  Cornish  stone,  china  clay,  and  blue  clay,  and  does  not 
require  such  a  high  temperature  in  burning  as  the  porcelain 
does.  By  analysis  of  a  piece  of  white  ware  luauuiactured  in 
this  cityt  it  was  found  to  contain — 

Silica  68*55 

Al  u mine  and  protoxide  of  iron    •  S9'  1 S 
Lime  


Specific  gravity  2'36 

Coloured  ware  is  also  manufactured  from  the  same  sub- 
stancesy  bat  mixed  with  a  colonring  agent  which  stains  the 

body. 

2.  The  toqua  or  blue-coloured  ware  is  coloured  by  cobalt. 

3.  The  sage  or  greenish*  blue  coiouied  ware,  by  nickel  and 
cobalt. 

4.  The  drab  or  bufF-coloured  ware  by  chronuUe  of  iron. 

5.  The  body  for  tlie  cane  or  yellow-coloured  ware  is  pro- 
dneed  by  a  mixtnre  of  sandy  clay  and  common  red  clav,  the 
same  as  used  kit  red  bricltfl^  bet  is  generally  prodncea  from 
the  natoral  yellow  clay  found  in  particular  localities* 

6.  The  last-mentioned  body  is  also  employed  for  making 
Rockiiflham  ware»  which  only  varies  from  the  eane  ware  by 
possessmg  a  different  glaze. 

7.  The  common  black  ware  body  is  made  from  the  red  clay 

oloiic. 

8.  1  lie  E^^yptiau  ware  body  is  made  from  ironstones  bail 

and  red  clay. 

These  lour  last-mentioned  botiies  are  not  nearly  so  expen- 
sive as  the  white  ware,  and  do  not  require  nearly  6uch  a  hish 
temperatnre  to  bum  them ;  therefore  they  are,  €0«parativ«y 
speaking,  soft  bodies. 

9«  Salt  glazed  ware  is  made  from  sandy  day  and  a  little 
sand,  to  keep  the  body  open»  or  make  it  less  compact ;  bnt 
for  htfge  salt  gbaed  wore^  potsherdt  whieh  is  ware  that  has 
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been  fired  and  then  ground,  is  employed  to  render  the  body 
still  more  open  or  poro!i<s,  and  also  to  give  it  a  greater  capa- 
bility of  staiiciiiin;  siulden  heats  or  colds.  This  were  is  much 
used  ill  public  uorks  for  chemical  purposes:  it  is»  exposed  to 
the  action  of  the  11  a  mo  duiiug  burning,  wliereas  oilier  kinds 
of  ware  arc  protected  bv  saggars  from  tlie  flames. 

Yll.  The  glm  vitrifiti  m  turfm  of  the  body,  rendering 
it  generally  capable  of  withstanding  adds.  It  is  a  vary  inn 
pMant  point  with  tba  maattfiMBtnrer  to  obtain  a  giaaa  wliidi 
will  adhere  to  the  body  without  crazing  or  peeling  ol(  aa  lie 
may  disoof  er  a  good  body,  but  not  fiixi  a  glaze  to  answer  it» 
since  every  glaze  will  not  adhere  to  the  sane  bodyt  and  faenca 
every  manuiacturer  has  a  plaze  of  his  own  composition. 

1.  The  substances  used  in  the  preparation  of  the  glaze  for 
white  ware,  are  borax,  china  ciayf  Hiat,  Corniah  ston%  Paris 
white,  and  white  lead. 

In  preparing  the  glaze,  a  substance  teclmically  termed  frett 
is  first  iiiude,  consisting  of  borax,  chinu  clay,  ilinl,  Cornish 
Stone,  and  Paris  white,  which  ar^  fused  together  in  a  kiln,  and 
when  ready  allowed  to  flow  into  water,  which  shortens  it, 
owing  to  the  water  being  ipechanically  lodged  in  it,  and  keeps 
it  from  adhering  to  the  bottom  of  the  vessel,  rendering  it  much 
easier  to  pound*  Frett  is  a  beantifiil  glass,  coloured  by  a  little 
iron,  and  is  pounded  and  water-ground  along  with  Cornish 
stone,  flint,  and  white  lead :  this  oonsUtotes  the  glaae  for  white 
ware. 


Analytit  of 

AasJ^m  of 

white  riaiai 

fratt. 

48*66 

Lime 

8«6S 

Alumina  and  protoxide  of  iron 

B'se 

1038 

20-08 

61*18 

Carbonate  of  lime     •    •   •  « 

10-88 

Carbonate  of  kad     «   •   •  • 

15*19 

99'&9 

10000 

Specific  gravity    ,    •   •    •   •  2*345 

A  pieoe  of  earthenware  was  brought  from  America,  Iiaving 
been  discovered  several  feet  under  [ground,  the  glaze  of  which 
was  tested,  and  found  to  be  composed  of  silica,  iron,  alumina, 
lime,  sulphate  of  lime  niui  antimony,  which  was  a  beautiful 
rich  wiiile  glaze  conceulmg  a  common  red  cinv  body. 

2.  The  glaze  of  Rockingham  ware  posbeaies  a  beauLilui 
brownish  nieiallic  lustre,  and  is  made  from  Cornish  stone^  flint, 
manganese,  red  lead  and  day  slifH  the  latter  substtnoa  being 
a  litue  clay  mixed  with  water  until  it  becomes  of  the  consist* 
ency  of  milk. 

8.  The  glage  for  oommoo  Mack  ware  is  auwte  from  the  same 
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materials  in  diflfeient  proportions^  and  has  a  brilliant  black 

qipaiEirance. 

4.  The  glaze  used  for  cane  or  yellow-coloared  ware  is  made 
from  flint,  red  lead,  and  Cornish  stone. 

5.  The  Egyptian  ware  owes  its  value  to  the  beautiful  and 
rich  tinted  black  glaze,  made  from  flint,  Cornish  stonoi  red 
lead,  and  manganese,  with  which  it  is  covered. 

These  four  bst-mentioned  glazes  are  made  by  stirring  the 
sobatances  together  with  a  certain  quantity  of  water»  and  pasa- 
ing  H  through  a  very  fine  sieve  or  search.   Olaaes  do  not  re- 

autre  such  a  high  temperature  to  fuse  them  on  the  surface  of 
ke  ware,  as  the  body  does  to  be  burned, 
6*  The  glaze  for  salt  glazed  ware  is  common  salt»  which  is 
thrown  in  at  the  lop  of  the  kiln  through  a  number  of  small 
apertures  in  the  crown  of  it,  and  diffuses  itself  through  all 
parts  of  the  kiln,  givuig  the  ware  the  recjuired  glaze.  The 
action  that  is  <;npposed  to  take  place,  when  the  salt  is  thrown 
into  tli^'  kiln,  owing  to  its  decomposition.  The  chlorine  of 
tile  salt  combines  with  the  hydrogen  of  the  water,  which  is 
mechanically  lodged  in  the  salt,  forms  muriatic  acid  gas,  which 
passes  ofl^  while  Uie  sodium  combining  with  the  oxygen  of  the 
water  then  unites  with  the  silica  in  tne  ware>  forming  a  sili- 
cate of  soda  which  fuses  on  its  surface.  The  salt  is  not  thrown 
in  until  the  liiln  has  been  raised  to  its  greatest  necessaiy  tem- 
peratore. 

TaUe  of  the  Gomposidon  of  Clays  and  Porcelain  when  free 

from  Water* 


Cofridi  cAiins  ^bKf  ••«•«•••«••• 

Cornish  clilnt  dlf  .*  

Sandy  day   

HUic  clay «*.•••••,••«  

Red  clay  

Fire  day  

Yellow  day  

rngUah  china  ware,  No.  1 ... 
•  ••  No»2«*. 
••»       -No*  8 

Berlin  xrarf  

Superior  Chinese  vare   

Inferior  Chinese  ware  

Common  Em?] i oil  whirr  v,-, ire  \  n^  j.V 


5316 
5312 
70-39 
61'S8 

53-52 
5211 
69-33 
65-06 

39-  88 

40-  60 
39-68 
72-961 
7104 


i 


45-61 

4000 

36-61 
43-8*» 
36-19 

23-  62 
30-68 
21-48 

24-  15 
24-65 

24-78 
22-46 
29-24 

20  i;; 


•31 

•31 
1-33 
1-54 
1-20 
817 
5-56 
3-70 


•41 


II 
1 

.a 


t 


-o 


51 

./  -51 
•90^Trace 
•46lTrace 

1-56, 204 
l-49Tracc 


•56 


10-06  Trace 


14-22 
14-18 


Trace 


-43 
•31 


lot  Trace 
:V8i'  Truce 
l-fio  Trace 
1-2 J [Trace 


26-44 


211 


15-32  5  28 
15-39  5-79 

2t)H 


2*558 


2-419 
2314 
2-314 

23G0 
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LXVIII.  On  the  Polarization  of  the  Aiuios-phi  ve.    By  Sir 
David  Bu£\v5i£i^  A'.//.^  D*C*L,y  FM.S,^  and  F,F,&J^ 

WHEN  the  light  of  the  sun  or  of  any  sdf*liiininous  body 
has  been  transmitted  through  certain  crystallized  sub- 
stances, or  has  been  reflected  from,  or  refracted  by,  bodiet 

not  metallic,  it  suffers  a  physical  change,  to  which  the  name 
plane  polarization  has  been  given.  This  physical  change 
consists  in  (ieconiposing  common  li^^lii  into  tw(j  Ltjual  portions 
of  polarized  light,  one  of  which  is  polarized  in  a  plane  at  right 
angles  to  that  in  which  the  other  is  polarized.  In  doubly 
leiiacting  crystals,  the  two  pencilb  aie  polarized  in  opposite 
or  rectangular  planes ;  and  when  common  li^ht  is  reflected 
from  any  body  not  metallic,  whether  it  is  solidy  or  fluidf  or 
gmous»  8  portion  of  the  incident  lifffat  enters  the  body ;  and 
of  the  portions  thus  reflected  and  refracted,  precisely  the  same 
quantity  is  polarised^ — the  light  polarized  by  refraction  being 
polarized  in  a  plane  at  riight  angles  to  that  which  is  polarized 
by  reflexion. 

If  the  earth  had  no  atmosphere  the  sky  would  appear  ab- 
solutely Mack ;  and  when  the  sun  sets  we  should  be  left  in 
utter  darkness.  Thu  rxisteuce  ol  twilight,  however,  ilie  blue 
colour  of  the  sky,  and  die  refraction  of  tiie  rays  which  emanate 
from  the  stars  and  planets,  place  it  beyond  a  doubt  tiiat  the 
pure  air  in  which  we  live  and  breathe  is  capable  of  acting 
upon  light  like  all  other  bodies»  and  consequently  of  producing 
that  physical  change  which  constitutes  polarizaHm.  The 
polarization  of  the  blue  sky,  or  of  the  atmosphere^  was  there* 
rore  observed  and  studied  by  different  philosophers,  both  in 
France  and  England  ;  and  it  was  speedilj'  ascertained,  in  con* 
formity  with  the  laws  of  polarization,  that  the  polarization  was 
a  mifiivuim  in  the  vicinity  of  the  sun,  where  hislightis  reflected 
at  angles  approaching  to  90'^,  or  where  the  incident  and  re- 
flected rays  form  an  an^lo  approaching  to  180®;  that  it  was 
also  a  minimttm  in  the  i  ci^ion  opposite  the  sun,  where  his  light 
is  reflected  at  an  angle  u[>pruacliing  to  0%  or  at  a  perpendi- 
cular incidence ;  and  that  it  was  a  maximum  in  those  interme- 
dbte  parts  of  the  sky^  which  are  distant  about  90^  from  the 
sun,  and  where  his  light  is  reflected  at  an  angle  of  about  ifi^t 
the  polarizing  angle  for  air. 

Such  was  the  first  view  which  was  naturally  taken  of  the 

*  This  paper  is  reprinted,  with  the  perniission  o^  Dr.  Berghaus  and  Mr. 
A.  K.  JobnnoD,  rrom  Uie  Seveiitli  Pan  of  their  valuable  Phfaical  Atlaamr 
ill  the  course  of  publication.  A  map  representing  the  four  oetttnl  poiat% 
and  the  tjrtteiQ  oi  iinea  of  equal  polansatkm*  will  be  fbuod  ia  tint  work. 
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polarintioii  of  the  atmotphcre^  and  aeontidenble  dm  dapaed 
bcfera  Ita  laadiog  alements  wara  datermtned,  and  iti  mora 
imporianl  ptuenomena  observed  and  maaiored.  It  is  (o  M. 
Arago^  tu  whom  this  branch  of  science  owes  such  deep  obli- 

edonsi  that  wa  are  indebted  for  the  discovery  of  the  first  and 
iding  fact  on  which  the  law  of  atmospheric  polarization 
depends.  In  examining  the  region  of  the  sky  opposite  to  the 
sun,  he  discovered  a  nnifral  point,  or  a  point  in  which  there 
is  fw  polar  ization  wfintever.  This  neutral  point  he  found  to 
be  25^  or  30°  above  the  point  diametrically  opposite  to  the 
sun,  or  whnt  we  may  call  the  antisolar  point ;  and  we  shall 
distingiiihii  this  pole  of  no-pt»ku ization  by  the  ii  uiie  of  A/. 
Arago's  ntutml  poittt,  or  tlic  aniisolar  nculrai  jJutnL  it 
best  seen  after  sunset. 

In  the  year  1840^  M.  Babinet  dbcovered  a  second  neutral 
pointy  situated  about  the  same  distance  above  the  son  as  the 
neutral  point  of  M*  Ango  is  situated  above  the  antisolar  pdnU 
This  point  is  most  distinctly  seen  immediately  after  sunset) 
but  is  generally  much  fainter  than  the  other,  owing  to  the 
discoloration  m  the  blue  sky  by  the  yellow  light  of  the  set* 
ting  sun. 

Our  readers  are  no  doubt  aware,  that  when  light  is  reflected 
from  the  surfaces  ot  transparent  bodies,  a  certain  portion  ot 
it,  and  at  a  particular  angle  ihc  whole  of  it,  is  polarized  in  the 
plane  ol  rtlkxion,  or  posilivelj/* ;  while  precisely  the  same 
quanlily  of  the  Lransmitted  light  is  polarized  in  a  plane  at 
right  angles  to  the  plane  of  reflexion  or  refraction,  or  iiega^ 
lively.  Now,  iu  the  part  of  the  sky  between  the  neutral  point 
of  M.  Arago  and  that  of  M.  Babinet,  the  light  is  polaiiswd 
ftmthdtfi  while  in  the  parts  of  ihe  sky  between  the  first  of 
these  neutral  points  and  the  antisolar  *point»  or  between  the 
second  and  the  sun,  it  b  polarized  nigativefy.  Hence  it 
became  obvious  that  the  two  neutral  points  moat  be  produced 
by  a  compensation,  in  which  light  polarized  n^gatwefy  neu* 
tralized  light  polarized  posilivelij,  and  that  the  negative  light 
was  either  pro<lncc(i  by  reflexion  in  n  plane  at  right  angles  to 
that  pnssing  through  the  sun.  the  neniral  point,  nnc!  iTie  ob- 
sei  voi  ,  or  by  refraction  in  a  plane  passing  through  these  three 
|if)ini  ,  or  by  both  these  causes  combined.  But  in  wluitever 
way  tiic  iu;j,(itivc  polarization  was  produced,  it  was  manifest 
that  the  same  cause  ought  to  produce  u  neutral  point  beneath 
the  smu  After  many  fruitless  attempts  to  discover  this  neutral 
pmni— owing  chiefly  to  the  predominance  of  the  sun's  light 

*  These  terms  are  used  for  the  purpose  ot  abbreviation.  An  account  of 
the  laws  df  dM  pobnartion  of  light  by  rcflezioa  and  icftacdoo,  will  be 
fbttodin  sty  papers  ia  the  Phil.  1Viiif.»  1816,  p.  lS9»SBd  1830^ pp. 01^  133. 
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at  the  part  of  the  sky  where  it  shoultl  be  found — I  at  last  ob- 
servcf),  under  a  very  favourable  state  of  the  atmosphere,  that 
the  jicjlari/aiiun  of  the  sky  was  tiegative  in  the  space  btilween 
the  1 n  Min  und  the  horizon.  This  observation  placed  it 
beyond  a  doubt  that  there  must  be  a  neutral  point  below  die 
sun,  where  that  negative  polarization  passed  into  positive 
rizaUoD ;  and  by  concealing  the  son  from  view,  and  admitting 
no  light  to  the  m  but  what  came  from  the  probable  placeof  tbe 
neutral  pointy  1  fucceeded  in  discovering  it.  After  eomma- 
nicating  this  discovery  to  M*  Babinet'*',  early  in  1845>  he  made 
several  ineffectual  attempts  to  conBrm  it;  and  it  was  not  till 
the  23rd  of  July  1846,  when  the  state  of  the  sky  was  peculiarly 
favourable  for  the  observation^  that  be  succeeded  in  obtaining 
a  distinct  view  of  itf. 

Before  proteetling  to  explain  the  map  of  the  lines  of  equal 
poluri/zciuun  in  the  pure  blue  sky,  I  shall  give  a  brief  account 
of  my  observations  ou  tbe  tiiiec  neutral  pomL>  to  which  1 
have  referred  :— 

L  On      Arago's  Neutral  PoitU* 

In  the  normal  state  of  the  lines  of  equal  polarlaatioDj 
namely,  when  tbe  sun  is  in  the  horizon,  this  neutral  point 
is  about  18^^  above  the  horizon  or  above  the  antisolar  point; 
but  when  the  sun  is  about  11^  or  12^  above  the  horizon, 
and  the  antisolar  point  of  course  as  much  below  it,  the  neutral 
point  is  in  the  horizon,  and  consequently  only  11°  or  12** 
above  the  antisolar  point.  As  the  sun  descends  to  tlie  horizon, 
and  the  antisolar  point  rise$,  the  distance  of  tlie  neutral  point 
from  the  latter  gradually  increases;  and  when  the  sun  reaches 
the  horizon,  the  neutral  poiiit  is  IB^*^  above  it,  and  therefore 
18^^  distant  from  tbe  antisolar  point.  Afler  the  sun  baa 
att,  the  distance  of  the  neutral  point  from  the  antisolar 
point  increases;  that  is,  it  rises  faster  than  the  sun  descendss^ 
and  its  maximum  distance  when  the  twilight  Is  very  faint^  it 
about  25^ 

la  the  latitude  of  St.  Andrews,  M.  Arago's  neutral  point  is 
above  the  horizon  all  the  day  between  the  middle  of  November 
and  tbe  end  of  January.  In  the  other  months  oC  the  year  it 

*  Cmnptes  Rcndus  det  Sfmcet  de  PJetuL  det  Sekneet,  torn*  uli*  p.  801^ 

803, 1845,1  Till  Mars! 

t  Complcs  RenduSt&c,  Jail[et27,  1846,  torn,  xxiii.  p.  195;  andAoat3» 
1846,  ton),  xxiii.  p.  223.  **  M.  Brewster,"  says  M.  Babinet,  a  sans  douU<t4 
girfd^  dans  sa  recherche  |Mir  dec  VUM  tfa^Miques ;  autrement  i\  ma  panit 

pen  probable  cut  fait,  par  observation  seul  <lc  !n  j>f)larization  atmo- 
nph^rique,  ia  tlecouverte  reiimrquablc  de  ce  point  neutrc  si  difficile  ^  recon- 
naitre,  ctqu^  depuis  luij  avals  plusieur  foia  tente  inutilement  de  retromref.'^ 


Digitized  by  Google 


^  ike  Atmo^^keru  441 

amr  mt  tUl  die  wn  li  whbin  U'^or  iroftbeborifloiiiaiid 
amr  Mto  till  tliA  Mm  Is  il*'  or  19^  abim  the  horiwn. 

IL  On  a  secondarjf  Neuiral  Pmnt  accompanj/iftg  M«  Arago's 

Ncuhiil  Point. 

I  observed  the  first  traces  of  this  rcinarkeble  plicenomenon 
on  the  Sth  of  June  1841,  Pt  5^  50^  when  the  jjosilive  polari- 
zation was  slron^^st  close  to  the  horizon,  whether  land  or  son, 
and  to  nbout  above  it.  Hence,  when  M.  Ani^o's  ucLinal 
poiiit  rose,  iL  did  not  appeayJirsL  tn  ihc  JiUi  izon,  but  about  i^"^ 
above  it,  tiie  comjiensaiion  being  efiecteU  where  the  positive 
polarioatton  was  weaker  tlua  in  tEe  horisoo.  Whon  tnia  IimIi 
place,  we  had  the  sin^lar  phaenomenon  of  a  muiral  point 
with  ptmHvepolariaatian  am  esdl  si^  rfit  When  this  pbee* 
noaaenon  was  more  fully  developed,  under  a  fiivonrable  stato 
of  the  boriaoo*  the  positive  polarigatioD  wee  overcome  by  the 
advancing  negative  polarization*  The  negative  pdafiiation 
was  then  immediately  below  the  ascending  neutral  point;  but 
at  a  certain  distance,  a  few  de^rrees  below  the  neutral  point, 
the  negative  polnrizntion  was  compensated  by  the  excess  of 
positive  polarization  close  to  the  horizon,  and  liic  be;uitiiul 
piifienomenon  was  seen  of  two  neutral  points  separated  by  baiids 
of  nei^ative  polarization?  This  phuDioiiuMion  was  best  seen  on 
the  scu  horizon,  which  was  marked  by  an  obscure  band  a  few 
degrees  high,  that  indicated  the  existence  of  a  distant  haze. 
On  the  Slat  of  April  1842, 1  obierved  the  aeoondary  oeotnl 
point  under  lavoorebleeimQinslanees.  At6^SS^p*iif  vhentho 
primanf  neutral  point  waa  1^  high,  the  mattda^  one  waa 
^  50^liigb»  At  T^poaitive  hands  were  still  seen  above  the 
sea  line^  and  wen  strongest  upon  the  obscuro  band  above  the 
visible  sea  line. 

III.  On  M.  Babinet's  Neutral  Point. 

This  neutral  point  is  situated  about  18^  SCV  above  the  sun, 
when  he  is  rising  or  setlinjx  in  a  verv  clear  skv.  It  is  not  so 
easily  seen  as  that  of  M.  Arago,  and  was  therefore  longer  in 
being  discovered.  It  is  above  the  horizon  durin<T  the  greater 
pari  of  the  year  in  great  luiiiuiic^,  and  being  above  the  sun. 
It  is  of  course  always  visible  when  the  sun  is  above  the  horizon 
in  a  clear  sky.  When  the  son  is  in  the  zenith,  this  neutral 
point  ooincidea  with  the  son's  centre.  As  the  sun's  altitude 
diminishe%  it  separates  from  the  aon^s  centre,  its  distance  gra- 
dually increaswg  till  it  becomes  IS*'  SO^,  when  the  sun's  alti- 
tude is  notbingi  or  at  sunrise  and  sunaat* 

The  ntotral  point  of  M.  Babioet  auit^,  like  that  of  M. 
Arago^  be  accompanied,  in  certain  statep  of  the  horiaontal 
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tky,  with  ft  neeondafy  ntntnl  porat;  but  I  luive 
oinportttnity  of  obaenring  M.  Babinet's  neutnl  point  when  it 
ciwer  rose  above  or  set  iMoeath  the  horizon,  whicht  thoogli 
not  essential,  is  tlie  most  favourable  forobserriDgasaooudaiy 
neutral  poinL 

IV.  On  the  NetUral  Point  bdcn  the  Suu. 

This  neutral  point  is,  as  we  have  previously  noticed,  much 
more  difficult  to  be  seen  than  that  of  M.  Babijiet.  In  No- 
vember, December  and  January,  it  cannot  be  seen  in  our  lati- 
tudes, unless  when,  early  in  November  and  lale  in  January,  a 
higher  degree  of  polarizadon  in  the  sicy  brings  it  above  the 
horizon  at  noon« 

As  theory  indicated  the  existence  of  this  neutral  fK»int»  I 
long  sought  for  it  in  vain ;  but  wiien  I  wis  assured  of  its  ex- 
istence by  the  discovery  of  neptive  polarization^  which  often 
extended  from  the  sun  tothehorizon  even  when  the  sun's  altitude 
was  30®,  I  took  such  precautions  for  excluding  all  unnecessary 
light  from  the  eye  that  I  at  last  observed  it  near  the  horizon, 
with  a  small  portion  of  positively  polarized  light  beneath  it. 
1  afterwards  observed  it  repeatedly  when  tlie  sun  had  higher 
altitudes,  and  was  able  to  measure  its  varvingr  distance  from 
that  luminary.  On  the  18th  of  February  184<2,  at  noon,  when 
the  sun's  altitude  was  about  22°,  I  observed  this  neutral  point 
in  the  roost  distinct  manner,  the  polarised  bands  beinff  nega« 
tive  below  tlie  sun,  and  positive  near  the  horizon.  Its  aistance 
from  the  suOf  therefore^  was  about  or  1€(^.  I  afterwards 
obtained  the  following  measures  of  its  distance  from  the  sun  i-^ 

OiiCuice  of  neotnJ  point 
from  the  MID. 

1848»  February  21,    12  89  15  6 

April       $9   11  45  18  0 

e»    U   6  12  0 

8y     2   7  16  0  estimated. 

On  the  20th  of  April,  in  a  very  fine  day,  the  wind  being 
west  and  the  barometer  80*02, 1  obtained  the  following  mea- 
sures:— 

Distance  from  mo. 

April  20b    12  10  11  20 

12  87  10  40 

2  21  12  0 

8  45  12  85 

The  maximum  polarization  of  the  sky  at  the  time  of  these 
observations  was  equal  to  a  rotation  of  25^^,  about  4}^  below 
tlie  greatest  maximum^ 


•••  ••• 


Digitized  by  Google 


of  ihe  Atmosphere,  4'49 

On  the  36lfa  of  April  1842,  wbca  tbe  barometer  wos  at 
80*00,  and  not  a  cloQcl  io  th«  iky  from  morning  lill  nigbt'S  I 

DistaDce  from  tuiu 

April  S6»   11    i  19  \$ 

11  46  12  SO 

3  80  14  S5 
S  «5  15  5 

4  10  17  45 

At  10^53',  tlie  maxinuini  polarization  of  the  skyj  or  the 
rotation,  was  28f'',  and  at  1 1^  46',  and  9^  42^,  it  was  26^^ 

On  the  27th  of  April  I  observed  a  remarkable  series  of 
piiuLMiomena  relative  to  tliis  neutral  point.  The  sky  was  sin- 
gularly fine  — the  barometer  at  30*0  i,  and  at  10^*  41' the  maxi- 
mum polarization  of  the  sky  29 'r°,  the  greatest  that  1  have 
ohsei  ved.  At  10''  45',  the  dibtunce  of  the  neutral  point  from 
the  sun  was  12^  3',  and  consequently  about  33,}^  above  the 
horizon.  At  12^  12',  a  fog  came  rapidly  from  the  &ea.  The 
neatra]  pdDt  beUm  the  san  was  driven  beneath  tbe  horiioiii 
and  Babinetf  s  neutral  rant  rose  almost  to  the  zenith.  At  1^  fiO^ 
tbe  fog  diminlsbed*  The  ueotnd  point  below  tbe  sun  reap- 
peared near  the  horizon,  oscillating  up  and  down,  through  a 
space  of  5^  or  6%  as  tbe  fog  became  alternately  denser  or 
rarer  I 

When  tlie  sky  is  clear,  the  neutral  point  below  the  sun 
approaches  to  the  sun  his  altitude  increases,  and  finally 
coincides  with  the  sun's  centre  when  he  is  in  the  zenith.  Hence 
it  follows,  that  wlieii  the  sun  is  in  the  zenith,  the  two  neutral 
points  in  his  vicinity  meet  in  the  sun,  and  the  system  of  pola- 
ri;&ation  lines  becomes  uniaxal. 

Were  the  sky  sufficiently  clear,  we  should  lioubtless  find  a 
secondary  neutral  point  accompan;^in^  the  primary  one  below 
tbe  sun;  but  in  our  climate  there  Is  little  chance  of  this  phse- 
nomenon  being  distinctly  observed. 

In  bn  obserratiotts  on  the  anttsolar  neutrai  poinif  M •  Arago 
observed  that  it  sometimes  deviated  from  the  plane  passing 
through  the  antisolar  point  and  the  eye  of  the  observer;  and 
he  justly  ascribed  this  deviation  to  tbe  influence  of  luminous 
clouds  situated  out  of  this  plane.  The  same  phsenomenon 
takes*  place  in  reference  to  the  other  neutral  points,  thon^li 
the  dev!:iLl()ii  is  in  these  cases  less  distinctly  seen,  I'roin  ihe 
iiiteiTcrence  of  the  siui's  light.  But  it  is  not  merely  the  ]>o«>i- 
tiou  of  the  neutral  point  that  is  influenced  by  the  intrusion  of 

*  The  liofli  in  the  iptetnin  W9n  ill*d«fiDed,  from  unequal  cefractioo 

tbe  air. 

PAiL  Mag,  S«  3.  Vol.  31.  No.  210.  Dec.  1847.      S  G 
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light  diilerent  troni  that  of  the  sky  ;  the  degree  of  polariziition 
is  always  affected  whenever  we  measure  it  in  parts  of  tlie  sky 
which  have  luminous  clouds  or  iliuminuled  terrestrial  objects 
in  their  vicinity,  or  any  luminosity  in  the  field  of  view  of  the 
polarimeter.  If  the  neutral  point  happens  to  be  above  or 
below  any  such  object,  its  distance  from  the  antbolar  point  or 
from  the  sun  is  increased  or  diminished*. 

V.  On  the  Maanmum  Pdarusatum    the  Sity. 

After  having  ascertained  the  position  of  the  nentral  points, 
or  polei  t^no^potariMatim  as  we  may  call  then>  the  next  most 
important  element  to  be  determined  is  the  maximum  polarw^ 
iiott  of  the  atmosphere* 

Wiien  a  ray  of  common  light  is  reflected  from  any  trans- 
parent body,  at  an  angle  wliosc  tnngent  is  equal  to  the  iiulex 
of  refraction,  it  is  completely  polarized ;  or  when  a  ray  of  light, 
completely  polarized  in  a  plane  inclined  45^  to  the  plane  of 
reflexion,  i;  reflected  from  any  such  body,  its  jilaiie  f>r  polari- 
zation is  brought  into  the  plane  of  reflexion  ;  iliaL  is,  ili  jilutie 
is  turned  round  45^*  Hence  complete  polarization  is  measured 
by  a  rotation  of  45^.  When  the  polarized  ray  is  reflected  at 
angles  above  or  belefw  the  angle  of  maximum  poIari»itioa»  its 
plane  is  less  turned  round,  and  its  rotation  is  more  or  less 
than  45%  according  as  the  angle  of  reflexion  is  more  or  less 
distant  from  the  angle  of  maximum  or  complete  polarization t« 

Different  degrees  of  rotation  below  may  also  be  pro- 
duced by  t!ie  refraction  of  the  polarized  ray  at  one  or  more 
surfaces  ol  glass:):,  the  rotation  increasing  with  the  angle  of 
incidence.  Hence  we  may  measure  the  degree  q/' poIarizatioH 
wherever  it  exists,  by  observing  at  what  angle  of  incidence  it 
is  compensated  or  neutralized,  by  reflexion  Irom  a  transparent 
surface^  or  by  refraction  at  one  or  more  such  surfaces.  1  have 
ibund  the  last  method  the  most  convenient,  and  have  therefore 
constructed  a  polarimeter  which  measures  the  polarization  of 
the  sky,  by  observing  with  It  either  the  varying  angle  at  which 

*  On  the  16th  of  May  1842,  barometer  30*3,  the  sun  was  faintly  seen 
through  a  thick  haze.  At  S*"  49'  a.m.  the  polarization  was  poiUive  all  the  way 
from  the  sun  to  the  horizon,  so  that  the  neutral  point  below  the  tun  was 
below  the  horizon.   Immediately  afterwards  the  sun  ^ras  quite  hid— aprcit 

Store  supervened,  and  a  quaqmversus  polarixaiiou  YfUi  obterved,  in  whidi 
lie  potariscope  gave  no  coloured  bands. 
On  the  l/th  of  May,  at 6^  30',  the  sun's  disc  was  quite  white  through  e 

thick  haze,  and  there  \vn^,  v<i  nrafra!  pnint  rifhrr  nhovr  or  oppotUe  the  Jtlfil, 
the  polarization  being  everywhere  piaUtve.    When  the  haze  is  thicker  oa 
one  side  of  the  plane  passing  through  the  sun's  spectrum,  the  neutral  point 
deflates  from  tiiat  plane, 
f  See  Phil.  Troos.,  183<^p.  69.  X  Ibid.  p.  133. 
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It  is  compensated  or  nentrdind  by  a  fixed  nuinber  of  thin 
glass  plate%  or  the  varying^  namber  of  lefractiog  surlaces,  by 
which  the  same  efict  may  oe  prodaoed  at  a  tod  angl^  ca- 
1^        pable  also  of  being  changed*. 

^  With  apoiarimeter  thus  constmcted*  I  bave  determined  that 

^  the  maximum  polarization  of  a  clear  blue  sky  is  equivalent  to 
•  rotation  in  the  plane  of  a  polarized  rav  of  30^ ;  and  that  this 
maximum  takes  place  at  a  distance  of  from  SS°  to  92^  from 
the  sun,  and  in  the  pinne  passing  through  the  sun  and  the 
zenith.  This  rnaximuni  is  of  course  dependent  on  the  state  of 
T  the  almosphLie,  both  with  respect  to  its  inagiiitucJe  ami  posi- 
i'  tion  ;  but  wu  shall  assume  JO"  as  its  amount,  and  90''  troni  the 
sun  as  its  pusiiiun  in  a  normal  state  of  the  atuiospUerei  and 
when  the  sun  m  in  the  horizon. 

VI.  Ou  Uic  I'urm  oj  the  Lines  of  equal  Folarizatiun  in  the 

It  is  obvious,  from  the  phenomena  already  described,  that 
the  polarization  of  the  atmosphere,  |)roduced  by  the  reflexion 
'         of  the  sun's  light  trom  the  matter  which  composes  tlic  atmo- 
^  splicre,  in  planes  passinc;  through  the  sun,  the  {)f)iiU  of  re- 

^'^         flexion,  and  the  eye  of  the  observer,  would  have  been  equal  in 
'         circles  of  which  the  sun  and  the  antisolar  point  are  the  ccnli  e, 
^'         had  there  been  no  cii>U]rbing  causes,  or  had  the  atmospiiere 
been  a  perfectly  fi  ausparent  medium.    In  this  case  the  pola- 
rization  would  have  been  complete,  or  4-5^ ;  and  this  maximum 
"        would  have  occurred  at  a  distance  from  the  sun,  the  half  of 
i        wbleb  was  the  polarizing  angle  of  the  mediam.   There  is  ob* 
vkmsly,  how«f«r, «  cause  d^ieiidtnjj  on  the  seoitb  distanoa  of 
the  polarinng  pofait  of  the  sky)  which  acts  in  oppositioii  to  the 
peiariaatien  prodvoad  by  reflezionf  and  compensates  it  at  the 
I-       neutral  point  already  described.   Whea  the  snni  therefore^  is 
p        ui  the  horizon,  these  two  actions  are  rectangular,  as  in  biaxal 
^         crystals;  and  we  must  therefore  determine  the  form  of  the 
f        fines  of  eqnal  polarization  when  the  sun  b  in  the  horizon,  and 
'\        when  the  atmosphere  is  perfectly  pure.    When  riewed,  con* 
sequentlv,  in  their  general  aspect,  the  phsenomena  of  atmo* 
\        spbarical  polarization  may  be  represented  by  the  formula 

I  Rs50''(sin  D  sin  Vf)^ 

where  R  =  rotation,  or  degree  of  polarization,  and 

D  and  D'  =  the  distances  of  the  pumt  whose  polarization  is 

rc(juircd  from  the  ivco  neutral  points. 

This  formula  would  make  the  lines  of  equal  polarizuliuu 

*  SsethsTraaiaciioDs  of  the  Royal  Irish  Acaien^yfeLzfab  part 
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LemniscateSt  as  in  biaxal  ciystals,  nnd  consequentlj'  the  po* 
larisation  in  the  horison  greater  than  in  the  zenithi  which  is 
contrary  to  observation.    I  have  therefore  added  a  correction, 

depending  on  the  zenith  distnnce  and  ozimiitli,  which  makes 
the  formula  coincide  better  witii  observation,  naroei^t 

R» Sdi''(8tD  D  sin  lyy^  84'  (sin  Z  sin  A)  ; 

Z  being  the  zenith  distance,  and  A  the  angle  of  azimuth. 

Assuming,  therefor^  that  the  distance  of  the  neutral  points 
from  the  sun  and  Iron  the  antisolar  point  is  18^  SOf^  when  the 
sun  is  in  the  horizon,  and  that  the  atmosphere  is  perfectly  pure 
and  uniformly  transparent,  the  lines  of  equal  polarization  will 
have  the  forms  and  the  de|;rees  of  polarization  represented  by 
the  formnla.  The  direction  of  the  polarization  follows  the 
same  law  ns  h\  hiaxal  crystals,  the  lines  without  bands  or  colour 
correspond  I  n<i:  v.  !lh  the  black  hvpcrbolic  branches  in  the  j>ola- 
rized  l  ings  pro<luced  by  these  crystals,  being  distinctly  seen 
with  the  polariscope. 

VIL  Oh  the  Construction    the  Map  of  the  lAnes  of  equal 

Potarization, 

Had  the  map  been  on  a  greater  or  a  less  scale  than  it  is,  it 
Slight  have  be«n  desirable  to  appropriate  a  single  curve  to 
every  single  degree^  or  to  every  two  degrees  of  rotation  or 
polarization.  the  present  scale,  the  curves  would  have 
been  too  numerous  and  close  had  there  been  one  to  each 
degree;  and  with  only  one  to  each  two  decrees,  they  would 
have  been  too  distant,  in  so  far  as  that  the  form  of  the  curves 
round  the  neutral  points  would  not  have  been  sufficiently  seen. 
I  therefore  adopted  such  a  number  of  curves,  viz.  18|,  as 
enabled  me  to  get  the  curves,  No.  2,  continuous  round  each 
neutral  point.    Hence  the  formula  became 

Ns20«5  (sin  D  sin  DO— 8*9  sin  Z  sin  A, 

or  in  the  plane  passing  through  the  sun  and  the  zenith,  in 
which  Z  and  A  become  zero, 

Naft5*5  (sin  D  nn  IV). 

In  the  zenith  itseit  we  have  N  ss  18*45,  and  at  P,  F  we 
have  N=:0. 

The  curves  thus  obtained  do  not  represent  values  of  N  in 
dc^jrees  of  rotation,  but  in  numbers,  each  of  which  is  equal  to 
l*'*6ft6*  Hence  R= N  l*^<686,  and  the  distance  between  each 
curve  is  1^*626.  The  following  table  contains  the  rotations  or 
degrees  of  polarization,  indicated  by  each  of  the  curves  nuui- 
bered  from  ^  to  16*45  in  the  map 
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CorretpoadiDg  degrees  of  rotation 
VdiMi  of  N«  or  pol«riietioD,  or  velnee  of  R» 


i  0-813 

1  1*686 

1^  8*4S9 

S  3*858 

2}  4*065 

$  4-878 

4  6-504 

5  8-130 

6  9-756 

7  11-382 

8  13'008 

9  14-634 

10  16*860 

1 1  17*886 
18  19*511 
IS  21-137 

14  22-764 

15  24-396 

16  26016 

17  27-642 

18  29-268 
18*45  30-000 

Tfence  the  mnximum  polarization  of  the  almospbere,  as 
measured  by  a  i  ot:iLion  ot  30",  is  eqim!  to  that  protlucetl  by 
reflexion  from  a  plate  of  <^lass  at  an  angle  of  65A°,  and  with  a 
refractive  index  of  1-4S'2G,  or  lo  that  proiiuced  by  a  surface 
of  diamond  at  au  angle  ul  75^^.  The  number  of  relractions 
iit  a  given  angle,  or  the  angle,  with  a  given  number  of  plates 
of  glas8»  at  which  a  rotation  of  80°  is  produoed^  will  be  found 
from  the  formuU  in  my  paper  on  the  Compensationft  of  Po- 
larized Light*. 

As  the  sun  rises  above  the  horizon,  the  lines  of  eaual  pola- 
rization change  their  form,  and  the  de^^ree  of  polarization 
varies  at  points  of  the  skv  whose  disfnnce  from  the  stiii  is  in- 
variable. The  neutral  pouits  above  and  bcloxc  the  sun  approach 
his  disc  till  he  reaches  the  meridian,  wlien  the  distance  of  each 
from  the  sun  is  a  rninimwii;  ihey  then  dcpatale  a^uin,  and 
attain  their  maximum  distance,  when  he  reaches  the  horizon. 
In  conntries  where  the  sun  passes  across  the  zenith,  these  two 
neutral  points  coincide  with  the  sun,  when  he  reaches  the 
zenith,  and  again  separate. 

«  TraoMctioot  of  tlie  Rojal  Iridi  Academy,  vol.  kis.  part   p.  13. 
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At  the  son  descends  beneath  the  horizon^  the  neotrd  point 
of  M.  Arago  separates  from  the  antisolar  pointy  and  when  this 

point  b  first  seen  hi  the  morning  before  sunrise,  its  distance 
from  the  anttsolar  point  is  a  maximum;  it  gradually  ap- 
proach^ that  point  till  the  sun  rises,  and  also  till  the  neutral 
point  itself  reaches  the  hortiony  when  its  distance  from  the 

antisolar  point  is  a  minimum. 

When  the  altitude  of  the  sun  is  45°,  the  distance  x  ot  Uie 
neutral  point  above  the  sun  is  about  1     5',  and  the  distance 

of  the  neutral  point  below  the  sun  6^  ¥1' i  at  otiier  altitudes 
we  have 

m  as  A  cos 
and  j^^AcosA) 

tan  Z, 

A  beins  18^%  A  the  sun's  altitude  and  Z  the  zenith  distance 
<^  F,  the  neutral  point  below  the  snn. 

An  interesting Jpaperi  entitled  Delle  Leggi  deUa  PdaruoM' 
zionc  dcUa  Luce  Solare  nella  Ahnospkera  Serena^  communicato 
con  lette.a  al  David  Brewster,  LL.D.,  F.R.S.,  Lond.  et 
Kilin.,  niernbro  delle  Principali  Acadeniie  di  Emopa,  del 
Prof.  A.  B.  Francesco  Zantedeschi,  will  be  found  in  tlie  Bac' 
colta  Fisico-chimica  Italiana^  torn.  i.  fascic.  10.  1846.  The 
details  in  this  paper  are  chieM)'  liisioj  ical.  riie  results  ob- 
tained bv  M.  Zantedeschi  himself,  which  are  of  a  general 
nature^  wkx  in  several  respects  from  mine;  hot  whemr  this 
di£ference  arises  from  a  dinbrence  in  the  mediods  of  observ** 
tion,  or  from  the  dtfierent  states  of  the  atmosphere  under  which 
the  observations  were  made,  I  am  not  aUe  to  determine. 

In  a  Memoir  on  the  Polarization  of  the  Atmosphere^  which, 
I  trust,  will  soon  be  published  in  the  Transactions  of  the 
Royal  Irish  Academy,  I  shall  give  a  full  account  of  my  obser- 
vations, and  enter  more  deeply  into  the  subject  than  would 
have  been  proper  in  the  })receding  popular  explanation  of  a 
Map  of  the  Lines  of  Equal  Polarization, 


LXIX.  On  the  Ilydralt's  of  Aiiric  Acid,  JSy  Mr,  Arthur 
Smith,  Asmtanl  in  the  Laboratory  of  Umversitif  College^ 
London*, 

SOME  doubt  still  hanging  over  the  composition  of  the  hy- 
drates of  nitric  acid,  especially  of  the  first  hydrate,  I  was 
induced  to  ti*y  some  experiments  with  a  view  of  dmiiuishiiig 
this  uncertainty.    For  this  purpose  a  quantity  of  the  red 
fuming  acid  waa  procured,  which  I  examined  before  com- 
*  GdoimiiBicated  bgr  the  Chemiesl  Sodelji  having  b«CB  read  Jaae  7f 
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mendng  my  experiments  very  carefiiUy  for  chlorine,  and  found 
to  be  perfectly  free  £ram  thai  impmilj,  and  to  have  a  specific 

gravity  of  1  *5f)0. 

Fourteen  ounces  of  ac'ul  of  the  above-named  stronrrfb  were 
mixed  with  7  ounces  of  commercial  oil  ofy-itriol,  and  dibtiilej 
in  a  sand-bath  over  a  gas  flame;  the  first  2  ounces  that  came 
over  were  rejected,  and  the  receiver  changed  directly  the  red 
fumes  of  nitrous  acid  were  observed  to  fill  the  ijitcnor  of  the 
retort.  The  acid  collected  was  almost  as  dark  in  colour  as 
the  acid  before  distillation.  Its  specific  gravity  was  1'322, 
wd  it  tetBod  out  to  ba  pcrleokly  m  ftom  the  amaUeat  tmoa 
of  aolphiirio  addL 

I  aiM  examinad  iha  fiiit  two  oimoea  of  acid  that  eama  over 
my  canAittf  fa  cUoriiie,  and  found  it  to  contain  aoafoely  a 
trace,  nitrate  of  athvr  prodnotng  only  a  alight  opalescence^ 
and  that  whioh  came  ow  afterwards,  being  tlie  j^rtion  that 
I  aelected  for  my  experiments)  oontained  none  at  alL  This  last 
acid,  when  diluted  with  water,  gave  off  nitric  oxide  gaa  with 
a  burst  of  effervescence,  which  was  the  principal  reason  why 
it  could  not  be  employed  to  ascertain  tlie  exact  amount  of 
real  aci<l  bv  saturation  in  its  ^ncspnt  diirk-coloured  rondition. 

The  apparatus  employed  in  decolorizmg  the  nitric  acid 
consisted  of  a  capacious  retort,  capable  of  holding  about  a 
pint,  to  the  beak  of  which  ^vas  attached  a  large  tubulated 


i-  receiver,  which  was  kept  surrounded  with  water,  to  condense 

r  any  little  acid  that  might  come  over  during  the  process  ;  to 

*  the  tubulure  of  this  receiver  was  adapted  a  glass  tube,  bent 

\  at  right  angles,  fitting  tightly  with  a  cork,  the  other  extremi^ 

f  facing  in  connexion  mkh  n  large  gas-holder^  which  was  keM 

f  eonatantl^  filled  with  water^  to  be  used  aa  an  aspirator.  To 

f  the  tobuiiire  of  the  retort  waa  also  fitted  a  long  glass  tube 

t  bent  at  right  an|^ea»  the  one  end  of  which  terminated  within 

r  en  inch  of  ita  bottom^  whilst  the  other  was  in  connexion  with 

i  a  couple  of  tubes,  each  2  feet  1 1  inches  long^  arranged  si  e  by 

i  side,  and  connected  by  means  of  a  tube  of  a  amaUer  diameter 

bent  like  the  letter  U. 

i  These  lonp'  tubes,  through  which  the  air  was  to  be  aspired, 

I  were  filled,  the  one  with  dried  rhloride  of  calcium,  and  the 


other  with  pumice-stone  moistened  with  oil  of  vitriol,  and  by 
these  means  the  absex^ce  of  all  moisture  from  the  air  was  en* 
aured. 

In  decolorizing  the  acid  a  quantity  amounting  to  6  or  7 
ounces  wa^  introduced  into  the  retort,  and  a  tier  having  ascer- 
tained that  the  whole  apparatus  was  perfectly  tight,  heat  was 
applied  to  the  bottom  of  a  small  sand-baUi  in  which  the 
retort  waa  immeraed,  and  the  temperature  kept  np  carelully 
to  1 70^  P.  Then,  by  removing  the  plug  at  the  boUom  of  the 


Digitized  by  Google 


456       Mr.  Smith  on  ihe  Hydraies  of  Nitric  Add. 

gas-holder,  and  turning  the  stop-cock  at  the  top,  which  was 
m  ronncxion  ^vith  the  apparatus,  a  constant  flow  of  perfectly 
dry  air  was  caused  to  bubble  through  the  nitric  acid  in  the 
retort,  the  level  of  which  was  kept  2  or  3  inches  above  the 
orifice  of  the  tube  in  the  interior,  the  only  passage  for  the  air 
being  through  the  long  desiccating  tubes.  Aspiration  kept 
up  for  two  or  three  hours  was  iuimd  to  be  generall;^  sufficient 
to  decolorize  completely  6  or  7  ounces  of  nitric  aad* 

Tbit  add  before  decolorizatioii  bad  a  specific  gmvi^  of 
1-528,  and  after  tbe  process  fell  to  1*508.  Filly  gra.  of  tbe 
coburless  nitric  acid  were  accurately  weif^ad  out  in  a  stoppered 
specific  gravity  bottle,  to  whicb  was  cautbuslj  added,  whilst 
in  tbe  bottb,  with  a  view  to  prevent  any  loss  from  splashing, 
a  known  weight  of  perfectly  pure  carbonate  of  soda,  recently 
ignited  in  a  porcelnin  crucible,  until  the  solution  wns  perfectly 
neutral  to  test-paper.  The  absence  of  any  sulphate  or  chlo- 
ride in  the  caibonate  had  been  previously  ascertaineiL 

I.  Carbonate  of  soda  required  40*23  grs. 

II.  Carbonate  of  soda  required  40*23  grs. 

The  quantity  of  carbonate  of  soda  that  50  of  acid  re- 
quired m  aaturationj  tben,  was  40*83  grs.,  wfaiai  ooerespoods 
to  40*78      of  nitric  add>  or  61*56  per  cent. 

An  add  containing  l{f  equiv.  of  water  would  contein  in 
100  parts — 

Real  nitric  odd  •  «  •  •  80 
Water  ^ 

100 

A  portion  of  the  prepared  acid,  amounting  to  about  5 
ounces,  was  introduced  into  a  smnll  retort,  through  the  tnbu- 
lure  of  which  was  fitted  tightly,  by  means  of  a  stopping  of 
moist  clay,  a  delicate  thermometer,  which  was  kept  immersed 
in  the  liquid.  The  acid  began  to  l3oil  at  190'',  and  before  the 
distillation  had  tome  to  an  end  it  had  risen  to  250  .  The 
acid  coming  over  between  190^  and  200^  wass  cullected  apart 
to  be  examined  bj  atturation. 

50  grs,  of  tbe  add  wbicb  remained  in  tbe  retort  boilli^  at 
2hif  were  tben  examined,  and  found  to  require  51*20  grs.  of 
carbonate  of  soda  in  the  first  ex^riment,  and  Sl'07  in  tbe 
second,  for  saturation  $  tbe  mean  ot  the  two  experiments  would 
correspond  to  63 '11  per  cent,  of  nitric  acid« 

50  grs.  of  the  most  volatile  portion,  namely,  that  which 
came  over  between  the  temperatures  of  1 90^  and  ?00°,  were 
then  weighed  out  rxnotly ;  this  quantity  was  found  to  require 
no  h^ss  than  41*9'2  grs.  in  the  first  experiment,  and  41*91  in 
tlic  SLTond,  corresponding  to  84*9f)  percent,  nitric  acid;  but 
then  it  must  be  remembered  that  this  add  had  a  very  dark 
red  colour. 
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A  quantily  of  this  led  acid  was  introduced  into  the  decolo- 
rizing apparatus,  and  a  constant  rapid  streamof  di^  air  made 

to  bubble  throuj^h  it  for  two  hours ;  nt  the  expiration  of  that 
time  it  was  found  to  be  ])erfectly  hmpid,  and  colourless  as 
water,  and  to  have  a  specific  gravity  of  1*516  at  60°. 

50  grs.  of  the  last  acid  were  weighed  out  and  neutralized 
with  pure  carbonate  of  soda  as  before.    The  numbers  below 
will  show  the  amount  required  lor  suLui'atioii 
£xp.  Curb,  of  soda.  Mean. 

*  1'  •  •  1  41'70,  corresponding  to  12-27,  or 

3*  '  *  41*64       84*54  per  cent,  nitric  aad. 

This  add  began  to  boil  at  about  184%  the  sreater  part  di- 
stilling over  between  the  temperatures  of  18^  and  188^$  it 

afterwards  rose  when  near  the  end  to  200°. 

The  first  portion  that  came  over  wa«  collected  apart,  intro- 
duced into  the  decolorizing  apparatus,  and  dry  air  again  drawn 
through  it  until  it  was  quite  colourless.  This  was  found  to 
be  necessarj'  after  each  distillation,  on  account  of  the  decom- 
position that  it  tiutilred  upon  boiling,  which  rendered  it  as 
dark  in  colour  as  the  original  acid.  50  grs.  of  the  colourless 
acid,  of  the  specific  gravity  of  1*517  6(r,  were  weighed  out, 
and  carbonate  of  soda  yery  carefully  added  until  neutral  to 
test-paper.  The  increase  in  the  specific  gravity  this  time  only 
amounted  to  *001. 

JBxp.  Carb.  of  soda.    Acid.  Mean. 

1.  .  .  41-79  =  42-36\.-j.^^ 

2.  .  .  41-81  =  42-38/*^ 
Hence  in  100  parts— 

According,'  to  thcoiy  with  1  «q»  water. 

Real  acid  .  .  Pi  74  Real  acid  .  .  8571 
Water   .   •   •   15*26      Water  .  .   .  14*28 

100*00  99*99 

This  would  ^ive,  when  compared  with  the  theoretical  oompo- 
sition  of  nitnc  acid  with  1  cquiv.  of  water,  a  deficiency  of  *97 
in  the  [icid,  and  an  excess  of '98  in  the  water. 

^I'his  hydrate,  when  pure,  was  a  perfectly  limpid  and  colour- 
less liquid,  like  so  much  water;  it  boiled  at  i.'^l^,  and  had  a 
specific  gravity  of  1*517  at  GO".  It  was  found  not  to  have 
the  slightest  action  on  tin  or  iron  even  when  boiled.  A  por- 
tion of  this  acid  placed  in  a  freezing  mixture  composed  of  ice 
and  salt  sufiered  no  change. 

These  experiments  leave  little  doubt  concerning  the  com- 
position of  the  first  hydrate  of  nitric  acid^  namely,  that  it  is 
the  true  mono-hydrate,  consisting  of  1  equiv.  of  nitric  acid 
and  1  of  water,  HO,  NO^. 

Dei(fo-Hi/drafe. — In  preparing  this  hydrate,  T  set  out  by 
obtaining  a  quantity  of  colourless  strong  nitric  acid^  the  exact 
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amount  of  real  acid  in  which  was  ascertained  bj  artufatjon  to 
be  7^79  per  oent*  To  reduce  this  acid  to  the  proper  strength, 
■o  as  to  contain  exactly  2  equivs.  of  water^  it  was  found  by 
calrnlntion  that  it  would  require  63*86  gn*  of  water  to  emy 
lOOQ  gra.  of  acid. 

The  proper  proportions  of  acid  and  water  were  weighed  out 
carefully  in  a  stoppered  specific  gravity  bottle,  and  the  two 
mixed.  This  mixture  was  cooled  down  to  60°  and  found  to 
have  the  sp.  gr.  1*486. 

SO  of  this  hydrate  were  weighed  out  and  saturated  in 
the  usual  way  with  recently-igaited  earboBite  of  soda.  The 
quantities  of  carbonate  of  soda  required  wwe  aa  follows 

Ezp.  Carh.  «f  soda.  Mesa. 


An  acid  containing  2  equiva.  of  water  wiD  eontda  75  per 
cent*  real  acid. 

A  portion  of  this  acid  was  introduced  into  a  amall  retort 
and  aistillcd.  It  began  to  boil,  as  nearly  as  could  be  judged, 
at  about  200"^,  it  being  difficult  to  come  nt  the  exact  tempera- 
ture on  account  of  the  very  rapid  rise  of  the  thermometer, 
which  continued  to  take  place  until  it  had  gained  the  tempe- 
rature of  218^;  it  afterwards  rose  when  near  the  end  to  250^. 

It  appears,  then,  li  oui  these  experiments,  that  no  such  thin^ 
as  a  deuto-hydratc  exists,  but  that  when  a  mixture  is  made 
in  the  proportions  to  form  such  a  h;^drate  and  subjected  to  di- 
Btillation,  it  dividea  apontaneoualy  mto  the  firat  and  anotiier> 
at  the  same  time  aunferiug  conaiderable  decompoaitioii ;  and 
the  add  which  ia  found  remaining  in  the  retort  haa  the  exact 
boiling-point  of  the  tetra-hydrate^  namely,  25QP;  andmoce- 
over,  the  first  portion  that  came  over  had  the  exaol  danaity ' 
of  the  firat 

A  portion  of  this  acid  placed  in  a  freezing  mixture  of  ice 

and  salt,  suffered  not  the  least  solidification. 

Tetrd-Hijdrate. — This  hydrate  was  pre[)ared  in  the  same 
way  as  the  lirst,  namely,  by  preparing  a  quantity  of  colourless 
acid,  ascertaining  its  saturating  power,  and  mixing  it  with  the 
proper  quantity  of  distilled  water,  ascertained  by  calcuiation* 
It  was  then  tried  afterwards  by  saturation  to  see  if  it  waa 
correct;  the  numbera  below  will  ehow  the  difiereuoei-*- 

Exp.  Carb.ofioda.  Acid.  Mean. 


30*32^  or  GO'64  per  cent,  real  add. 


According:  to  theory  vith  4  eq».  wfiter. 
Heal  acid   •    t    •  60 
Water  ....  40 


Ileal  acid 
Water  . 


60-64 

39-36 


100 
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The  acid  had  a  density  of  1*424  at  60°;  it  began  to  boil  at 
250  ,  and  distilled  over  perfectly  colourless  and  unchanged; 
towards  the  end^  when  slight  decomposition  commenced^  the 
temperatim  me  to  86QP. 

live  or  fix  onacit  of  very  vrmk  add,  of  thedsntity  oiVldO, 
wiM  introdiioed  into  a  Ntort  and  kept  lieated  juat  bebw  ita 
boiUii|[^pomt  for  two  or  three  honra;  the  heat  waa  kiofeaaed 
fiom  tune  to  tioM  so  as  to  make  it  boil  hriaUy,  and  a  thou 
mometer  introduced  through  the  tubulure ;  when  that  whieh 
remained  in  the  retort  boiled  uniformly  at  850^,  the  heat  waa 
withdrawn  and  it  waa  allowed  to  coot 

When  the  specific  gravity  of  this  acid  was  taken^  it  was 
found  to  be  close  upon  that  of  the  tetra-hydrate,  but  not 
exactly ;  probably  if  I  had  operated  upon  a  large  quantity, 
and  carried  it  on  for  a  longer  time,  it  would  have  been  more 
so;  as  found,  its  density  was  1*412  instead  of  1*424,  which 
would  make  a  ditlerence  of  rather  less  than  1^  per  cent,  de- 
ficiency in  the  acid. 

This  is,  1  have  no  doubt,  the  proper  hydrate  of  nitric  acid, 
HO,  NO5+3HO,  as  it  is  generally  considered;  and  as  Dr. 
Dalton  correctly  observed,  acids  which  are  either  stronger  or 
weaker  than  thia  acid,  are  brought  to  tfaia  atrength  by  oonti- 
mied  ebullition,  the  Ibnner  kaing  acid  and  the  ktter  water. 


ULX.  On  the  Products  of  the  Decomposition  of  Cuminate  ^ 
Ammonia  by  Heat.    By  Mr.  Frederick  Field*. 

THE  peculiar  mode  of  decomposition  which  the  ammonia 
salts  of  inofganio  acida  eshuiit  when  exposed  to  the  ac- 
tion of  heat,  occurs  likewise  in  the  ammonia  compounds  of 
*  organic  acids,  r.lthough  the  results  in  the  latter  instances  are 
nsually  of  a  more  complicated  nature.  In  most  of  these  cases 
a  formation  of  water  takes  place,  the  hydrogen  of  which  is 
derived  from  the  volatile  alkali,  while  the  acid  furnishes  the 
oxygen,  the  residue  of  which  combines  in  a  more  intimate 
manner  with  the  nitrogen  of  the  ammonia.  In  decompositions, 
however,  of  inorganic  compounds  this  reduction  seems  to  be 
carried  at  once  as  far  as  it  can  go,  the  whole  of  the  hydrogen 
eontamed  in  the  ammonia  being  converted  into  water ;  while 
in  orgamt  aalta  this  hydrogen  ia  diminated  only  by  decrees, 
an  intermediate  body  being  produced  between  tbs  onmnal 
ammonia  aah  and  the  final  prodoet  of  the  deoompoamon* 
Thus  we  find  that  nitrite  and  nitrate  of  ammonia,  when  eo^ 
posed  to  heat^  are  at  once  converted  into  water,  and  respect- 
ively into  nitrogen  and  nitroua  oiide.  Oxalate  of  Mfni«««^^ 

*  Communicated  b|  the  Chemical  Society;  having  been  read  June  7« 
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on  the  odier  hand^  if  mbmitted  f6  a  gentle  beaty  loaes  only 
two  equivaleiits  of  water,  the  raidiie  of  both  baae  and  acid 
eombiiiiiig  to  fonn  oxamide,  and  only  by  a  strong  and  brisk 
applicatioii  of  heat  DcBbereiner  converted  it  into  cyanogen^ 
the  rest  of  the  hydrogen  being  eliminated  in  the  form  of  water. 

The  dry  distillation  of  oxalate  of  ammonia  thus  affords  the 
prototypes  of  two  series  of  compounds,  which  mny  arise  from 
ammoniacn!  salts  by  the  elimination  of  two  or  four  equivalents 
of  water  respectively.  Tliere  are  few  cases,  however,  in  which 
the  decomposition  of  ammoniacal  salts  have  been  carefully 
studied,  and  the  instances  in  which  wc  are  acquainted  with 
the  represeataLive  ut  the  two  types  are  exceedingly  scarce. 
We  are  indeed  intimate  with  a  very  great  number  of  unidoj^oi 
oomponnda  analogona  to  ozamide  (fttnuununide,  flaticjbumde^ 
aoccinafnide,  anisylaniide,  Ac),  but  only  few  of  theie  hav« 
been  obtained  from  ammoniacal  salts  by  the  action  of  heat* 
The  greatest  number  of  these  bodies  were  produced  by  the 
change  most  compound  aethers  suffer  under  the  influence  of 
ammonia,  a  beautiful  mode  of  decomposition  pointed  out 
first  l)y  Professor  Liebip:  in  the  transformation  of  oxalate  of 
ethyl  into  oxamide,  or  by  the  nction  of  g;aseon8  ammonia  on 
other  substances  related  in  some  manner  with  the  acid :  thus 
was  chloride  of  benzoyle  converted  into  benzamide  by  Wohler 
and  Liebig-,  and  lately  lactide  into  lactinnde  by  Pelouze. 

As  yet,  iiuwevcr,  the  members  of  the  second  class,  those 
compounds  standing  to  other  acids  in  the  same  felatran  aa 
cyanogen  to  oxslic  acid,  are  verv  rare.  Yrwn  a  beantiAil  ck- 
periment  of  PdouTC^  we  know  ttiat  the  vBspma  of  formiate  of 
ammonia,  when  passed  through  a  red-hot  tube,  is  converted 
into  water  and  hydrocyanic  acid.  In  their  investigation  on 
the  radical  of  benzoic  acid^  Wohler  and  Liebig  obtained  a 
peculiar  oil  by  the  action  of  heat  on  benzamide,  which  at  that 
time  they  did  not  study  more  closely.  The  same  body  was 
at  a  later  period  obtained  in  the  dry  distillation  of  benzoate 
of  ammcnia,  and  fully  examiiwd  hy  Fehling,  who  found  that 
this  interesting  substance,  to  which  he  jzave  the  name  bemo- 
mtrile,  has  the  composition  C^^  II5  N,  and  16  produced  from 
benzoate  of  oxide  of  ammonium,  exactly  in  the  same  manner 
as  cyanogen  and  prussic  acid  are  formed  respectively  firom 
oxalate  or  formiate  of  ammonia.  These  facts  did  not  long 
remain  isolated.  ScMieper,  in  an  excellent  examination  he 
has  l^ly  published  on  ttie  products  of  oxidation  of  gdatino 
by  chromic  acid,  discovered  tiiat  in  these  reactions,  among 
other  products,  the  body  C,o  N  is  formed,  valeiomtiyle  or 
valerianate  of  ammonia — 4  equivs.  of  water. 

The  mcmhrrs  of  this  class  acquire  every  day  a  greater 
degree  of  importance.   A  remarkable  paper,  read  before  the 
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Chemical  Sode^  a  short  time  nnce  bjr  Dr.  Kolbe  and  Mr. 
FhmUand,  haa  mdeed  opened  a  most  mteresting  connexion 
between  these  bodies  and  another  daaa  of  suhstanoes,  %vhich 
hitherto  have  been  obtained  by  very  different  processes.  The 
conversion  of  cyanide  of  ethyl  into  metacetonic  acid  by  means 
of  alkalies  find  acids,  ceems  to  indicate  that  cyanide  of  ethyl 
is  nothinf^  else  than  mctacetoDitryie.  This  experiment  is 
likely  to  be  of  great  importance,  for  it  is  exceedingly  proba- 
ble that  the  whole  class  of  substances  alluded  to  must  be  con- 
sidered as  a  class  of  cyanogen  compounds.  It  is  evident  tliat 
similar  considerations  may  be  applied  to  cyanide  of  methyl 
and  cyanide  of  amyl,  lately  described  by  Balard ;  and  the  con^ 
verrion  of  these  cyanides  respectively  into  acetic  and  caproic 
adds,  which  we  have  a  right  to  anticipate  on  treating  them 
With  alkalies  or  acids,  will  prove  that  these  compounds  are 
the  nitriles  of  acetic  and  caproic  acids^acetonitryle  and 
capronitryle — which  as  yet  have  not  been  obtained  by  the 
action  of  heat  on  the  ammoniacal  salts  of  these  acids. 

Tlie  following  experiniciits  on  the  action  of  heat  on  cumi- 
nate  of  ammonia  have  been  made  with  the  hope  of  contri- 
butinj^  to  the  histor\^  of  the  nitiyles,  or  organic  cyanides^  as 
they  pcrliaps  should  be  more  correctly  designated. 

The  cuminic  acid  employed  in  my  experiments  was  prepared 
Inr  the  action  of  solid  hydrate  of  potash  on  oil  of  cuniiny  and 
the  product  perfectly  freed  from  the  least  traces  of  eymol 
wbicn  it  might  possibly  contain  by  precipitating  the  potash 
aalt  by  hydrochiorie  acid,  dissolving  the  precipitated  cuminic 
add  in  ammonia^  reprecipitating  by  hydrochloric  acid,  and 
crystallizing^  from  \^atcr.  The  acid  was  then  dissolved  in 
strong  ammonia,  and  the  solution  subjected  to  heat.  The 
first  portions  \vhich  passed  over,  although  consisting  chiefly 
of  water  and  ammonia,  together  with  cuminnte  of  ammonia, 
which  is  always  carried  over  with  the  steam,  presented  more 
or  less  an  opalescent  appearance,  indicate  e  of  traces  of  tlie 
oil.  On  evaporating  tne  solution  in  the  retort  to  dryness,  a 
portion  of  the  salt  is  decomposed^  ammoma  is  evolved^  and 
cuminic  acid  condenses  in  bomtiful  plates  upon  the  sides  and 
neck  of  the  retort,  separation  going  on  even  on  raising  the 
temperature ;  but  simultaneous  another  decomposition  takes 
place,  water  is  eliminated,  in  consequence  of  w  hich  there  are 
produf^ed  a  ])cculiar  white  crystalline  body,  difficultly  soluble 
in  water,  and  subsccpK  iitl}-  a  colourless  oil  of  a  most  fragrant 
odour ;  although  the  operation  innv  ^eem  very  simple,  expe- 
rience alone  teaches  the  proper  regulation  of  temperature  ne- 
cessary to  obtain  these  two  bodies. 

Cumitiamide. — Observing  in  my  tirst  experiments  evolution 
of  ammonia  and  sublimation  of  cuminic  acid  on  heating  cu< 
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minate  of  aiiimonia>  I  thought  that  by  heatiiig  it  under  pres- 
sure^ the  ammonia  then  not  being  able  to  escape,  the  desired 

change  might  be  effected.  Accordingly  a  portion  of  the  salt 
was  placed  in  a  strong  glaf^s  tube,  nnd  after  sealing  the  other 
end,  ffradimlly  heated  iu  an  oil-bath  to  nearly  the  boiHng- 
pomt  ot  the  oil,  and  allowed  to  cool.  On  cooling  the  mass 
appeared  to  have  been  completely  fused,  but  perfectly  solid 
and  of  a  Inghly-ciy  stallizcd  texture.  On  examination  il  was 
found  to  be  insoluble  in  cold  water  and  ammonia,  but  very 
■olttUe  in  hot  waters  from  which  it  adidiSed  into  a  cvyali^liiie 
maaa  aa  the  temperalnfe  cooled ;  thia  alone  auffidently  indi- 
cated that  a  complete  change  had  been  effected^  the  onminate 
of  ammonia  bang  readily  soluble  in  eold  water.  In  order  to 
aacertain  the  nature  of  the  change  it  was  diaaoWed  in  hot 
water,  and  weak  ammonia  added  to  dissolve  any  cuminic  acid 
that  might  be  mixed  with  it,  and  crystallized ;  the  crystals 
were  sepai'ated  by  filtration,  and  once  moi*e  dissolved  in  a  hot 
weak  solution  of  ammonia,  from  which  they  separated  on 
cooling  in  brilliant  white  crystalline  plates,  similar  in  appear- 
ance to  bcnzainidc.  These  were  dried  at  212^ in  a  water-batb^ 
and  analysed  in  the  usual  manner. 

I.  0*174  grm.  of  substance  burnt  with  oxide  of  copper 
yielded  0*470  of  carbonic  add  and  0*128  of  water* 

IL  0*248  grm.  yielded  0*670  of  oarbonio  add  and  0*181  of 
water* 

III.  To  estimate  the nitiogen,0'287  grm.  ignited  with  aodn* 
iime  yielded  0*$90  of  ammonio-chloride  of  putinum*. 

From  theae  analytic  reaulta  the  following  per-centagea  $ate 
obtained 

I.  II.  III. 

Carbon  .  .  73-^7 
ITydrogen;.  8'17  S'lO 
Nitrogen  \  8*50 

leading  to  the  formula  Cp  Hj^  NOg,  as  may  be  aeen  from  flie 
fbUowmg  comparison  of  the  theoretical  and  experimental 
numbera  $^ 


Theory. 

Mean  ufe 

20  equiva*  of  Carbon  •  • 

120 

73-68 

73-66 

13               Ilydroj^n  • 

18 

7-99 

8*13 

1               Nitrogen  • 

14 

8-52 

8-50 

2              OJ^ygen•  « 

16 

9-81 

9-71 

16d 

lOO'UU 

100*00 

Thia  body  therefore  ia  caminanudej  NH9  C^o  Hj^  0$,  having 

•  In  ihw  operation  a  large  quantity  of  an  oily  body  h  p;  1  liiced,  which 
floats  on  the  surtace  of  the  hy<h»chloiic  acid.  It  is  evident^  cumoL 
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» 

^        pnamkj  the  same  raliftiQii  to  emniiuite  of  ammonia  as  oxa- 

mide  to  oxalate  of  ammonia. 
.1  In  preparing  large  qnantitiea  of  thia  aubstance  the  employ-* 

ment  of  close  tubes  would  be  very  inconvenient,  and  I  soon 
found  that  it  could  be  obtained  in  a  retort  by  the  continued 
application  of  a  heat  sufficient  to  keep  the  salt  in  a  state  of 
semi-fluidity.  The  analyses  II.  aud  ill.  were  made  with  the 
1         product  obtained  in  tliis  manner. 

^  Cumuiamide  crystallizes  like  benzamide,  in  two  forms,  ac- 

"  cording  to  the  state  of  the  solution  ;  if  crystallized  imme- 

^'  diatcly,  or  iVuin  a  strong  soluliuii,  it  iscpiiiates  in  the  form  of 

crystalline  tables  of  great  brilliancy,  but  if  the  solution  be  di« 
^         lute,  it  crystallizes  afler  the  lapse  of  some  hours  in  long 
^        opake  naMlea^  both  ibrma  havmg  exactly  the  same  compo- 
'        Bition*   It  is  soluble  in  hot  and  cold  alcohol  ia  any  propor> 
tion,  aa  also  in  lether.  This  new  amide  diffinra  from  most 
others  that  have  been  described  in  imaining  intact  on  the 
^         addition  of  strong  solution  of  potaah^  or  mineral  acids;  from 
the  former  it  crystallizes  in  large  plates  after  some  d«ys* 
haog  boiUiig  with  alkaUes  or  a^ds  is  scarcely  sufficient  to 
I.'         pvodmce  the  characteristic  conversion  of  amides  either  into 
ammoniacal  salts  or  combinations  of  the  base  nith  the  add 
and  evolution  of  ammonin. 
i  Cumonitrile. -^On  heatiiiL^  cuminatc  of  ammonia  until  it  is 

i«  perfectly  fused,  and  keeping  the  fused  mass  in  a  state  of  brisk 

ebidlition,  large  globules  of  a  light  yellowish  nil  pass  over 
C  with  water,  evidently  derived  from  the  decomposition  of  the 

f  salt  J  when  the  erlobules  began  to  diminish  the  process  was 

I,  stopped,  the  oil  was.  separated  from  the  water  in  the  receiver 

by  means  of  a  pipette,  the  remaining  distillate  added  to  the 
mass  in  the  retorL  and  the  process  again  repeated  as  before ; 
in  this  mannor^  alter  some  nalf-doaen  distiUationsy  nearly  an 
ounce  of  oil  was  obtained  $  it  was  well-washed  with  yw^m^t^ 
to  remove  cuminic  acid,  which  seemed  to  be  soluble  in  the 
oik  then  treated  with  hydrochloric  acid  to  remove  ammonia^ 
thoroughly  washed  with  water,  and  digested  with  chloride  of 
r  calcium;  after  standing  some  days  to  separate  chloride  of 

oalcittmy  it  was  distilled  and  carefully  rectified,  the  fbnt  por* 
tions  being  rejectedt  as  poasiblv  containing  traces  of  water  | 
i  the  middle  portion  was  reserved  and  placed  in  a  retort  with  a 

coil  of  platinum ;  the  liquid  entered  into  ebullition  at  239°  C, 
at  which  point  it  remained  st^itionary  while  at  least  a  quarter 
of  an  ounce  was  passing  over.  This  portion  was  employed 
in  the  following  analyses  : — 

I.  0*212  grm.  burnt  with  oxide  of  copper  yielded  U'644  of 
carbonic  acid  and  0*145  of  water. 
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IT.  0*225  gnn.  yielded  0*6835  of  carboDic  acid  and  0*161 

of  water. 

III.  0*244  grm.  ignited  with  soda-lime  yielded  0*364  of 

ammonio-chloride  of  platinum*. 

From  these  analytical  results  the  following  per-centaget 

are  obtained  :— 

L  11.  III. 

Carbon  •  •  82*82  82*84 
Hydrogen  «  J'$9  1*96 
Nitrogen    •  9*34 

leading  to  the  formula  Cgg  H,|  Ny  aa  may  be  seen  from  the 
following  compariaon  ot^ the  theoretical  and  experimental 
numhera  t— ^ 

Theory.  Mean  of  exp, 

20  Carbon  .    ,    120  82*76  82  83 

11  Hytlr  iL-cn  .      11  7-58  7*77 

1  Nilroijeu    .     14  j  6G  ii 
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This  body  is  therefore  cumonitrile,  N,  standing  in  the 

same  relation  to  cuminate  of  ammonia  as  cyanogen  does  to 
oxalate  of  ammonia. 

Comonitrite  ia  a  perfectly  clear  and  colourless  liquid^  pos- 
sessing a  high  refractive  power ;  it  haa  a  moat  powerful  and 
agreewle  odour  and  a  burning  taste ;  it  ia  aomewhat  soluble 
in  water,  causing  turbidity  in  that  liquid ;  it  ia  soluble  in  all 
proportiona  of  alcohol  and  aether ;  it  is  lighter  than  water, 
haying  a  specific  gravity  0'765  at  11'' C.  (57^Fahr.).  The 
boiling-point,  when  in  contact  with  metal,  is  constant  at 
239°  C.  (462-2°  Fahr.),  at  the  barometrir  prc  ssnrc  0-75S5  m. 
»(29'85  inches).  The  equivalent  of  cumniic  acid  containing 
3C2  H2  more  than  the  equivalent  of  benzoic  Rcid,  it  was  in- 
teresting to  compare  the  boilino;-points  of  ben/ initrile  and 
cunionitrile.  According  to  Fchling's  experiments,  the  boil- 
ing-pouit  of  benzonitrile  is  191°  C;  on  calculating  from  thia 
obaenration  the  boiling-point  of  cumonitrile  according  to  the 
rules  first  pointed  out  by  Kopp^  the  boiling-point  should  be 
191  +  3-19=:248. 

Dr.  Fehling  does  not  however  mention  that  he  had  this 
substance  in  contact  with  metal,  and  it  is  not  improbable  that 
the  true  boiUng-point  of  benzonitrile  is  somewhat  lower ;  the 
vapour  of  cumonitrile  is  veiy  inflammable  and  buma  with  a 
bright  flame^  which  deposits  much  carbon. 

*  Professor  Fehling  found  it  difficult  to  estimate  the  nitrogen  in  bcn~ 
zonitrilc  in  the  form  of  ammonia,  drops  of  oil  pnssin'j'  over  into  the  hydro- 
chloric acid,  in  the  case  of  cunionitrile,  this  method  gave  very  accurate 
reattltt;  oil  dro|w  abo  paawd  over^  bul  Ihey  were  evidently 
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The  strongest  nitric  acid  has  but  liitle  action  upon  this 
substance  j  after  boiling,  however^  and  settinj;  aside  for  some 
daySy  crystals  of  cuminic  acid  are  formed.  On  being  heated 
with  potunom  it  dtikened^  «nd  apparently  anotto  oil  was 
prodimd ;  the  maM  on  being  washed  and  tested  for  cyano- 
gen in  the  nsoal  manner  gave  a  copious  precipitate  of  pnu- 
siatt  Une,  which  seems  to  be  strongly  in  favour  of  the  view 
which  Kolbe  and  FranUand  have  recently  promulgated.  A 
strong  alcoholic  solution  of  potash  has  no  immediate  action 
on  cumonitrile^  but  afler  a  day  or  two,  on  pouring  the  li- 
quid into  a  watch'glaiSy  it  partially  solidified  into  a  yellow 
crystalline  mass,  a  mixture  of  the  original  substance  with 
white  crystals.  These  crvstals  afler  purification  had  all  the 
appearance  of  cuminamide^  and  in  order  to  be  satisfied  of 
their  composition — 

T.  O'l  71  in  1^1-  burnt  with  oxide  of  copper  yielded  0-47?  of 
carbonic  acid  and  0*124  of  >\  ater;  the  calculated  per-ceutage 

of  carbon  and  l^pdr^&o^^Ei^^^  numbers  being — 

Carbon"^  .  73*62 
Hydrogen  . 

These  numbers  correspond  to  those  of  c  uiniiuiiriide,  as  maybe 
seen  by  a  coiiiparisou  with  the  formei  analyses. 

It  appears  then  that  cumonitrile,  on  the  addition  of  potash^ 
is  not,  as  might  have  been  expected,  converted  into  cuminate 
of  ammonia^  but  intocuminamide,  taking  2  instead  of  4  atoms 
of  water— Cso  N  +  2H0  -  C^o  HiaNO^,  the  latter  body 
being,  as  before  remarked,  in  such  a  remarloible  degree  un- 
aflected  by  alkalies  or  acids. 

Having  obtained  one  amide  with  comparative  ease,  many 
other  ammoniacal  salts  were  heated  for  the  purpose  of  obtain- 
ing analogous  amidogen  compounds.  Benzoate  of  ammonia 
was  tried  unsuccessfully,  and  it  appears  from  the  account 
published  by  Fehling  of  his  investigation  of  benzonitrile,  that 
the  residue  m  the  retort  consisted  entirely  of  benzoate  of  am- 
monia, that  salt  appearinn^  to  havo  lost  directly  4  cqnivs.  of 
■water  without  uiulLTrroin-r  an  intermediate  conversion  into  an 
amide  by  the  lo^s  ot'  2  eqiiivs,  Nitrobenzoic  arid  was  dis- 
solved in  ammonia,  evaporated,  and  cautioubly  I'u-pd  tor  a 
considerable  time;  when  cold  it  was  found  to  be  insoluble  in 
water  and  ammonia  at  the  ordinary  temperature,  but  dissolved 
by  hot  water,  from  which  it  crystallized  in  beautiful  yellow 
needles.  Oa  analysis,  the  following  results  were  obtained: — 

I.  0*222  grm.  of  substance  burnt  with  oxide  of  copper 
yielded  0*410  of  carbonic  add  and  0*080  of  water. 

IL  M55  grm.  yielded  0*472  of  carbonic  add  and  0*087  of 

PkO.  Ue^.  &  3.  VoU  81 .  Na  210.  Dee.  1847.      S  H 
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From  these  results  the  following  per-ceDta|e8  were  oh- 
tained:-— 

I.  II. 
Carbon  .    .    .    50*36  50*43 
Hydrogen  .    .     4*00  3*78 

corresponding  to  the  formula  C,4  Hg  Og,  as  may  be  seen 
from  the  compariflon  of  the  theoxetuad  and  experimental 
numbers : — 

Thw)ry. 

14  ei^uivs.  of  Carbon  .    .    81  50'G0 
$  Hydrogen  .     6  3*62 

8  ...  Nitrogen  •  28  16*87 
6  Oxygen.   .   48  28'gl 

166  100*00 

Tliis  body  is  therefore  nitrobcnzamide,  having  the  same  rela- 
tion to  nitrobenzoate  of  ammonia  as  cuminamide  has  to  cumi- 
iiute  ui  ammonia. 

This  beautiful  substance  can  only  be  obtained  with  difS- 
culty^  as  the  nitrobenzoate  of  ammonia  explodes  violently 
unless  veiy  great  caution  is  employed. 

A  specimen  of  chlorobenzoic  acid»  made  in  the  laboratory 
for  some  other  investigation,  was  dissolved  in  ammonia  and 
heated;  it  fused  readily,  became  perfectly  insoluble  in  cold 
water  and  ammonia^  but  soluble  in  hot  water,  crystallizing  as 
the  solution  cooled  in  long  needles  of  great  beauty.  The 
specimen  ot"  acid  atlbrdc  d  mr,  btniig  all  that  could  be  spared, 
was  insufficient  for  the  nianutacture  of  an  amide;  1  prepared 
a  portion  of  eldorobenzoie  aeid  by  acting  upon  benzoic  acid 
for  some  days  with  hydrocldoric  acid  and  chlorate  of  potash; 
after  purification  it  uas  burnt  with  chromate  of  lead  and  gave 
the  following  results 

I.  0*394  grm.sO*769  of  carbonic  add  and  0*114  of  water. 

From  this  result  the  following  per«C(mtage  was  obtained 

Experiment.  Theory, 
Carbon  .    .    .    53*22  53-61 
Hydrogen  .   •     3*22  3*25 

leading  to  the  formuk  HO,  O.,  1  equiv.  of  the 

hydrogen  of  bensde  acid  r^laeed  by  an  equivalent  of  diliK 
fine. 

Thia  addy  however,  on  bdng  inljjected  to  the  usual  treat* 
ment  by  solution  in  ammonia  and  aubaequent  heat,  did  not 
fuse  but  blackened,  charcoal  being  s^wrated.  Unfoitunateljr 
the  specimen  of  ammoniacal  salt  irom  which  I  had  made  the 
former  compound  was  not  analysed,  probably  it  would  hm 


Mean  of  a^p. 
50-39 
3*98 
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Oh  the  equation  A^ssM^^;^  ^e*  W 

proved  to  be  C^^  ^O,  or  C,^  {^q^j^  O3, 110,  a 

dichlorobenzoic  or  a  Uicbkurobcnzoic  acid,  such  existing. 

These  experiments  were  conducted  in  the  laboratories  of 
the  Royal  OoUege  of  Chemigitrv  tinder  the  direction  of  Dr. 
llofuumn;  to  whom  I  beg  to  otlcr  my  best  t^ftnf^s^  ior  hia  ad* 
vice  and  assistance  durii^  theu'  process. 


LXXI.  On  ike  General  Solution  [in  certain  cases)  ijf  ikn 
equation  .r*+^  + As^=  M^y::,  Sfc.  Bij  J.  J.  Sylvester, 
A,M.,  F.JR.S.,  late  Professor  of  NaUtral  PhiUmj^  in  IM-^ 
versity  CoUe^e^  JLondon*, 

IS  HALL  restrict  tha  anuiiciatbn  of  the  proposition  I  am 
aboul  to  advance  to  much  narrower  limits  than  I  believe 
are  necessary  tn  the  truth,  with  a  view  lo  avoid  making  any 
statement  wiiich  I  may  hereafter  have  occasion  to  modify* 
Let  lis  then  suppose  in  the  equation 

that  A  is  SLfvime  namber,  and  that  tl7A— >  11*  b  positive,  bat 
exempt  from  positive  prime  factors  of  the  form  61+ 1 .  Then 
I  say,  ond  have  succeeded  in  demonstrating,  that  all  the  pos« 

aible  solutions  in  integer  numbers  of  the  given  equation  may 
be  obtained  by  explicit  processes  from  one  particular  solution 
or  system  of  values  o£Sfy%3i%  which  may  be  called  the  Primi- 
tive system. 

This  system  of  roots  or  of  values  of  j-,  //,  is  that  system  in 
which  the  vaUie  ol'  tlie  greatest  of  tlie  three  terms  t,  y,  A*.3 
{which  mav  be  called  the  Dominant)  is  the  least  possible  of  all 
such  domiiiaiU.*..  I  beiicvu  that  in  general  the  system  of  the 
least  Dominant  is  identical  with  the  system  of  the  least  Content^ 
meaning  by  the  latter  term  the  prodnct  of  the  three  terms  out 
of  which  the  Dominant  is  elected.  I  proceed  to  show  the  law 
of  derivation. 

To  express  this  simply,  I  most  premise  that  I  shall  have  to 
employ  such  an  expression  as  &mf{S)  to  indicate^  not  that 
a  certain  quantity,  S\  is  a  fnnccion  of  S,  but  that  a  certain 
system  of  quantities  disconnected  from  one  another,  denoted 

by  SI,  are  severally  functions  of  a  certain  other  system  of 
quantities  denoted  by  S;  and,  as  usual,  1  shall  denote  ffS  by 
^*S,  sp^'S  by  f  'S,  and  so  forth. 

Let  now  P  be  the  Primitive  system  of  solution  ol  tiie  equa^ 
tion 

A'*  +y  +  Ar^  =  Mxyzy 

•  CoDUBunicated  by  the  Aothor. 
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P  doioting  a  (^rUun  tjrftem  of  ▼alaes  of  md  written  in  the 

order  of  the  letters  j?,  y,  z,  which  may  always  be  found  by  a 
Jimited  number  of  trials  (provided  thai  the  equation  admits 
of  any  solution).  That  this  is  the  case  is  obvious,  since  we 
have  only  to  give  the  Dominant  every  possible  value  tVnm  llie 
integer  next  greatest  to  upwards,  and  combine  the  values 
of  ar,  Az^  so  that  none  shall  ever  exceed  at  each  step  the 
cube  ol  sucli  donniKiiit,  and  we  must  at  last,  if  there  exisl  anif 
soluiionj  arrive  ni  the  System  ot  the  Least  Dominant. 

Now,  every  system  of  solutionis  of  ooe  or  the  otiier  of  two 
character!.  Either  «  and  y  amst  be  odd  and  z  eveui  or  m 
end  V  mutt  be  one  odd  and  the  other  even  and  a  odd.  That 
all  three  should  be  odd  is  inconsiiitent  with  the  ffi¥en  condi* 
tions  as  to  A  being  odd  and  M  even ;  and  if  aU  three  were 
eveUy  bj  driving  out  the  common  faetor  we  shoaid  re?ert  to 
one  or  the  other  of  the  fore^ming  cases* 

The  systems  of  solution  where  z  is  e?en  may  be  termed  Re* 
ducibie,  those  where  is  odd  Irreduci!>!e.  ILet  ^  denote  a 
certain  symbol  of  transformation  hereaiter  to  be  explained. 

Then  the  Heducible  systems  of  the  first  order  may  be  ex- 
pressed by 

fP,  ^*P,  (p^P,  ad  infinihmi 

in  general  by  f^*  P  being  absolutely  arbitrary.  I  will 
aniicipate  by  stating  that  the  function  ^  involves  no  variable 
constants  ;  that  is  to  say,  f  (8)  may  be  found  explicitly  from 
S  without  any  reference  to  the  particular  equation  to  which 
S  belongs.  Let  now  4^  denote  another  symbol  of  transforma- 
tion, nlso  hereafter  to  be  defined,  and  differinfr  from  (p  insofar 
as  it  does  involve  as  constants  the  three  values  of  ar,  z  con- 
tained in  P  :  then  the  general  repi  tsenlalions  of  Irreducible 

systems  of  the  first  order  will  be  tlunoted  by  \|/  9"'.  P. 

It  is  proper  lo  state  here  that  the  symbol  \f/  is  ambiguous; 
and  ^  P,  when  P  and  «,  are  given,  will  have  two  valuest 
according  to  the  way  in  which  the  terms  represented  by  P 
are  compared  with        z  in  the  given  equation 

for  it  is  obvious  that  if  x^a^  ys^  as^  satisfies  the  eqiiatioo» 
so  likewise  will 

Each  however  of  these  values  of  ip  f giw  a  solatkm  of 
the  kind  above  designated* 

Proceeding  in  like  manner  as  befofi^  the  Reducible  system 
of  the  second  order  may  be  designated  by  ^  •  « Pf  the 
Irreducible  by  i|rf%*i^fn.P;  and  in  general  €very  foMU 
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system  of  values  of  «  satisfying  the  proposed  equfttion^ 
iti  which  z  is  even,  is  comprised  under  the  form 

and  «ver^  possible  system  of  Midi  valuer  in  which  jt  it  odd, 
is  comprised  utider  the  form 

the  quaiitiLics  7t^  .  .  .  beiiijj;  of  coiir>c  all  independent 
of  one  anuiijc  r,  and  unlimited  in  number  atid  value. 

Thus  tlicn  we  may  be  said  to  have  tiie  genern)  sohition  of 
the  given  ecjuatioii  in  the  same  sense  as  an  aibiuarv  sum  of 
terms,  each  of  a  certain  lunn,  is  in  certain  cases  accepted  as 
the  complete  solution  of  a  partial  difi'erential  equation. 

As  regards  the  falne  of  toe  symbok  ^  and  f  indicates  the 
process  bv  which  a^b^e  becomes  transformed  into  %  /3»  7^  the 
idatioiis  between  the  two  sets  of  elements  being  contained  in 
the  following  equations : 

Next,  as  lo  the  effect  of  the  Duplex  symbol  -^f.  Let  ^  ^1 
be  the  elements  of  the  Primitive  system  P:  i  being  the  value 
of  M  and  ^  of  and  y  taken  in  either  mode  of  combinatiooi 
cadi  with  eachi  which  satisfy  the  proposed  equadon 

Let  /,  m,  n  represent  any  system  S» 
A,     y  represent  any  system  4^(8), 
4^8  has  two  valoesy  whidi  we  mav  denote  by  ^%  'i|rS  re- 
spectii-ely»  and  accentuating  the  aements  A9     f  accordingly 
to  correspond,  we  shall  have 

x'aa  ^gm  i^l —em)+  3Am{d^en) — M  (^j^  -  ^Im) 
fJ^SAm^m  —gl)  -r 3el{em  —gl)  —  M(«Jii'— g^/?;*) 

we  have  then 
and  in  l!k«  manner 

'4/  S  being  derived  from  '4^  S  by  the  mere  interchange  of  e 
and  B  one  with  the  other. 

I  have  stated  that  every  possible  solution  of  the  proposed 
equation  comes  mider  one  or  the  other  of  the  Offdcf%  infinite 
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in  number  and  inliiiite  to  the  power  of  infinity  in  variety  of  de- 

gree,  above  given:  this  is  not  stricUjr  true, unless  nniwrstaiid 
lat  all  systems  of  solution  are  considered  to  beequiYalent  which 
difier  only  in  a  multiplier  common  to  all  three  terms  of  each  $ 
that  is  to  say,  which  may  be  rendered  identical  by  the  expul- 
sion of  a  common  factor.  So  that  wu,  m^S^  Wy  as  a  ^tem  is 
treated  as  identical  with  fi,  y,  which  of  course  substantially 
it  is;  and  it  should  be  remarked  that  there  is  nothing  to  pre- 
vent the  operations  denoted  by  $  and  introducing  a  com- 
mon factor  into  tbo  svstems  which  they  serve  to  genernto,  nnd 
the  IfUt'T  in  particular  will  have  a  strong  teiuK  ncy  so  to  do. 

I  believe  that  this  tlieon  in  may  be  extended  with  scarcely 
any  modification  to  the  case  where  A,  instead  of  being  a  prime, 
is  any  power  of  the  same,  and  to  sup})u&itions  still  more  gene- 
ral. I  believe  also  that,  subject  to  certain  very  limited  restric- 
tions, the  theorem  mm/  prove  to  apply  to  the  case  where  the 
determinant  fi7A^M*  becomes  nmdTe. 

The  }}ecultarity  of  this  case  whtim  distingnbhes  it  from  the 
former,  is  that  it  admits  of  all  the  three  ftriables  sr  in  the 
equation 

having  the  same  sign,  which  is  impossible  when  the  determi- 
nant is  positive;  or  in  other  words,  the  curve  of  the  iliiul 

M 

degree  represented  by  the  equation  Y^+X^-f-l**^  XY 

(in  which  I  call  the  coefficient  of  XT  the  characteristic), 
which,  as  long  as  the  quantity  last  named  is  less  than  S,  is 
a  single  continuous  curve  extending  on  both  sides  to  io6nity, 
as  soon  as  the  characteristic  becomes  equal  to  5  msuhms  to 
itself  an  isolated  point»  the  germ  of  an  oval  or  closed  branch, 
which  continues  to  swell  out  (alwajm  lyii^  apart  from  the 
infinite  branch)  as  liw  characteristio  continues  mdefinicely  tft 
increase. 

I  ought  not  to  omit  to  call  attention  to  the  fact  that  the 
theorem  above  detailed  is  always  applicable  to  the  case  of  the 
equation 

when  A  is  am^  power  of  a  prime  number  noi  of  the  form 
61+1 ;  in  other  words,  the  above  always  belongs  to  the  ckas 
of  equations  having  Monogenous  solutions,  which  for  the  sake 
of  brevity  may  be  termed  themselves  Monogenous  Equations*. 

•  Thus  the  equation  x^-J-y4-Ar'=:0  alluded  to  by  Legeiide  is  Mono^ 
noiM,  vacl  the  Primitive  system  of  solution  is  x=:l  y=2  z=— 1,  from  wlucii 
sfwy  other  poMibte  lolacum  hi  Intaeen  may  N  sadoeed* 
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On  the  probaUe  exitl«Qee  of  such  a  class  of  eqaatioiit  I 
hazarded  a  conjecture  at  the  conclusion  of  my  last  coaimanU 
cation  to  this  Magazine.    As  i  hope  shortly  to  bring  out  a 

paper  on  thh  subject  in  a  more  complete  form,  I  shall  con- 
tent myselt  at  this  time  with  merely  stating  a  theorem  of  much 
importance  tu  the  completion  of  the  theory  of  insoluble  and 
of  Monogenous  equations  of  the  third  degree;  to  wit^  that  the 
equation  in  integers 

may  always  be  ti  anstornied  so  as  to  depend  opoo  the  equation 

Bjr  means  of  the  above  theorem,  among  other  and  more 
remarkable  conseqaences^  we  are  enabled  to  give  a  theory  of 
the  Ineioluble  and  moaogenous  cases  of  the  equatioa 

when  m  is  some  power  of  8»  or  of  certain  other  numbers. 

M liincoto's  Ian  Vid^  J.  J.  S. 

Not.  17, 1847. 

Efi&ATUM. — In  the  October  Number,  at  page  2\)n,  n  little  below  tlic 
middle,  for  ]794!^000  read  the  &ainc  witli  the  Dumber  1  added  at 
tba  end.  At  page  893,  last  line,  omit  the  wonb  after  "  provided  "  m  &r 
as  "divisible  by  9  "  on  the  following  page,  and  read  in  lieu,  *' provided  in 
the  Mcond  case  that  ABC  is  of  the  form  9m^l  and  that  D  is  diviiible  by  9." 


LXXIL  On  Cochineal  (Cooeua  Ceofei).   First  Mmoir. 
By  Wabbbn  Db  la  Rub,  Eeq.*^ 

'T^HE  beautiful  theoretical  results  which  hnve  been  lately 
ublained  by  a  closer  examiiiuliun  oi  iiuligo  blue  autl  its 
products  oi  dccompositioni  made  it  desirable  to  undertake 
simihur  investigaUons  with  other  colouring  matters,  I  made 
choice  of  the  colouring  principle  of  cochineal  {Cocai9  Ckteiijt 
hoping  that  A  detailed  leeearoh  might  not  only  prove  of  in- 
terest in  a  scientific  point  of  view,  but  also  throw  some  light 
on  its  practical  application^^  and  the  more  so,  as  the  recent 
inyaatigatione  of  Preisser  had  seemed  to  point  out  a  very  dose 

•  CoisMwisatad  by  the  Cbenuesl  Soelshri  bafiag  bean  raad  Jons 
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analogy  in  the  cheniicul  properties  of  a  variety  of  colouring 
mittcrs  with  indigo  blue. 

Before  t  ntcring  into  the  detail  of  my  experiments,  I  think 
it  desirable  to  sive  a  brief  outline  of  the  raulta  obtained  by 
the  diemists  who  have  hitherto  worked  on  this  subject 

Dr«  Jean  Fr^^ric  John,  in  a  quarto  volume  tnuulatcd 
from  the  German  and  entitled  Tableaux  Ckmiquts  du  Hiffme 
Animal,  appears  to  have  published  the  first  analysis  of  codii- 
neal:  he  ooes  not  describe  hismethod,  but  merely  states  that 
it  contains  the  following  per-centage: — 

Colouring  principle  (semi-soUd,  soluble  inl  ^ 

water  and  alcohol)  / 

Gelatine  •  10*50 

Wax^  fat  10-00 

Modified  mucus  14*00 

Membrane  14*00 

Alkaline  phosphates  and  chloriflcs,  phos-" 

phate  of  lime.  ])liosphate  of  iron,  and  >  1*50 
phosphate  of  ammonia  ^ 

100-00 

Pelletier*  and  Caventou,  in  a  very  long  memoir  read  before 
the  Institut  de  France  in  1818,  have  gone  very  elaborately 
into  the  examination  of  cochineal  and  obtained  many  interest- 
ing results.  In  analysing  this  substance  they  employed  the 
fol  lowing  process : — They  removed  the  fatty  bodies  by  boiling 
asther,  in  which  they  found  the  colouring  matter  but  slightly 
soluble ;  these  fatty  substances,  recovered  by  distilling  off  the 
aether,  were  considered  to  consist  of  stearine,  oleinc,  and  an 
aromatic  acid,  from  which  latter  substance  it  was  difficult  to 
remove  the  adherin*?  colouring*  niattcr. 

The  cochineal,  exhausted  with  ajther,  was  treated  with  al- 
cohol of  40°  Beaume,  which  dissolved  the  colouring  matter, 
together  with  a  small  quantity  of  fatty  and  nitrogenous  sub- 
stances. 

On  cooling,  and  by  spontaneous  evaporation,  they  obtained 
a  granular  red  residue  of  a  semi-crystalline  appearance,  and 
which  they  considered  to  be  the  colouring  matter  contami- 
nated still  with  nitrogenous  matter  (matiere  anknaUsee)  and 
some  fatty  bodies,  the  greater  part  of  which  remained  undis- 
solved in  strouf^  cold  nicohol;  by  repeating  the  operation 
once  or  twice  they  consiticred  that  the  substance  was  ob- 
tained almost  la  a  state  of  purity.    To  remove  the  last  traces 

•  j*n99ki  de  CkimU  ei  de  Pkjfiique,  wh»  2,  tome  viiL  p.  260,  Jettrnal 
de  Pkormaeie,  th.  2,  tome  iv.  p.  193. 
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of  foreign  matter  it  was  dissolved  in  strong  alcohol,  and 
m  equal  volume  of  letber  added>  whidi  precipitated  the 
colouring  matter  and  retained  the  M,  which  vaa  etiU  ad- 
haing  to  iL  The  colouring  matter  thus  purified  they  naned 
earaune  (eanntimMi),  and  descrihed  as  beiDg  very  aoluble  in 
weter,  from  whidi  it  did  not  ayataUtse,  more  or  less  aoluble 
in  alcohol,  according  to  its  stren^h,  and  quite  inaohible  in 
SBtfaer  and  the  fixed  and  volatile  oils.  Acids  did  not  {»necipi* 
tatc  it  from  its  aqueous  aolution  if  free  from  animal  matter* 
They  fuund  hydrochloric  and  sulphuric  acid  to  decompose 
it ;  the  latter  with  elimination  of  carbon.  By  the  action  of 
nitric  acid  they  obtained  an  acid  in  prismatic  crystals  resem- 
bling oxalic  acid,  but  diflfering  in  some  of  its  properties. 

On  heating  the  "  carmine"  it  intiimcsced  and  gave  off  carbu- 
ret ted  hydrogen,  a  considerable  quantity  of  oily  substances, 
a  little  <acid  water,  but  no  trace  of  amnion  la.  Chlorine  and 
iodine  decomposed  it;  the  alkalies  in  the  commciictiucnt 
jn  odiiced  iiu  rely  a  change  in  colour,  turning  it  violet,  but  by 
the  assistance  ot*  time  or  heat  they  effected  a  complete  altera- 
tion. They  found  an  aqueous  solution  ot  *•  carmine  "  to  exhibit 
the  following  comportment  with  reaeents. 

Of  the  alkaline  earths,  lime  only  uiuiluccd  a  precipitate; 
hydrate  of  alumina  showed  a  marked  affinity,  absorbing  the 
whole  of  the  colouring  matter  from  an  aqueous  as  well  as  an 
alcoholic  solution ;  the  presence  of  alum  prevented  this  rcac* 
tion:  iron,  copper^  and  siWer  salts  were  without  reactions; 
terc^ride  of  gold  destroyed  the  colour ;  neutral  salts  of  lead 
merely  changed  it  to  violet^  except  the  neutral  acetatCi  which 
precipitated  it,  the  free  acetic  acid  retaining  a  little  of  the 
compound  in  solution;  the  colouring  matter  could  be  re- 
GOYCied  bjy  decompcwng  the  lead  compound  with  hydrosul- 
phuric  aeuL  The  nitnrte  of  mercury  gave  a  pur|ile>  and  the 
pemitrate  a  scarlet-red  precipitate;  the  bichloride  no  pre- 
cipitate; chloride  of  tin  gave  a  violet  precipitate;  the  bichlo- 
ride changed  the  colour  to  scarlet  without  causing  a  precipi- 
tate. Albumen  and  gelatine  had  no  marked  action,  but  if 
precipitated  by  reagents  the  colouring  matter  was  canned 
down. 

In  a  later  commuuication  (1832),  Pelletier*  gave  the  com- 
position of  the  colouring  matter  as  prepared  by  himself  and 
Caventou.  In  a  previous  qualitative  examination  they  had 
failed  to  exhibit  the  presence  of  nitrogen  which  M,  PcUetier 
now  detected.  The  substance  m  as  dried  in  vacuo  at  a  gentle 
heat  to  remove  every  trace  of  alcohol  and  eether^  and  burnt 
with  oxide  of  copper  it  yielded — 
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Carbon   49*33 

Hydrogen  6*66 

Nitarogen    •   •   •  •   •  8*66 

Oxygen   40*45 

lOCHX) 

M.  Pdletier  stated,  however,  that  he  did  not  greatly  rely 
tm  the  oomctneia  of  this  analyiia. 

After  alcohol  had  diaaolved  ont  all  the  eolonrtag  nrnltav 
removable  by  it,  they  extracted  the  last  traces^  by  repeatedly 
washing  the  residue  with  boilii^  water^  and  alon|^  with  it  a 
little  fatty  and  Home  nitrogenous  matter ;  the  residue  was  a 
brownish  transparent  mass.  The  later  decoctions,  contain- 
ing no  red  coloiirinj:^  matter,  left  lilcrwiwc  on  evaporation  a 
brownish  transparent  mass,  ^v}lic^  tin  v  considered  identical 
with  the  organic  residnc  of  the  in  rt.  'I' his  animal  matter 
had,  according  to  tlicm,  some  analogy  \n  ilh  gelatine,  but  dif- 
fered in  many  of  its  properties,  as  it  did  also  from  albumen 
and  librine,  they  therefore  considered  it  as  peculiar  to  the 
cochineal  insect;  the  alkalies  and  ammonia  dissolved  it 
readily ;  chlorine  precipitated  it ;  all  acida  and  add  aaUa  pre- 
cipitated it,  aa  also  acetate  of  lead^  aalta  of  tin  and  copper,  and 
nitrate  of  ailTer;  and  thrr  conaidered  the  latter  reagent  aa  a 
good  test  of  the  puritr  or  the  colouring  matter,  aa  it  did  not 
precipitate  the  latter  if  free  from  nitrogenous  substanoea*  If 
the  colouring  matter  were  contaminated  with  nitrogenous  sub- 
stances, all  the  salts  which  predpitated  the  latter  carried  down 
likewise  some  of  the  colouring  matter. 

An  examination  of  the  ashes  showed  the  prr^^rnce  of  phos- 
phate of  lime,  carbonate  of  lime,  chloride  ot"  jxitasaium,  and 
phosphate  of  potash,  to  the  extent  of  0-7  per  cent. 

In  the  second  part  of  the  memoir  they  went  into  thetlieory 
of  the  technical  applications  of  the  colouring  matters  this 
having  no  reference  to  the  present  subject,  I  do  not  think  it 
necessarj'  to  reproduce  it  here. 

M.  La^saigue,  in  IBIO**",  examined  Kermea  {Coecm  4lieu), 
an  insect  common  in  the  South  of  Europe,  and  employed  aa 
a  red  dye  before  the  diaeoyery  of  America,  and  obtdned  by 
following  the  methods  of  Pelletier  and  Caventou,  substances 
agreeing  in  thehr  propeitiea  with  the  analogoiw  onca  found  in 
cochineal. 

M.  P.  Preissert,  in  an  elaborate  paper  on  the  origin  and 
nature  of  colouring  matters,  has  again  drawn  the  attention  of 
demists  to  the  subject.  This  gentleman,  from  a  study  of  a 
variety  of  colouring  substances,  comes  to  the  conclusion  that 
all  resemble  indigo  in  its  behaviour  with  reducing  agents. 

*  Jamrnl    Pkmmuuk,  96c,  %  «m  tr.  ^  496.        f  ikid.  p.  181. 
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He  affirms  that  he  obtained  by  the  action  of  hydrosiilphuric 
acid  on  the  lead  compounds  of  a  great  number  of  organic 
colouring  muttersj  substances  bearing  the  same  lelitioii  to 
the  oi^giiul  oolimiiiig  maUani  as  whne  indigo  does  to  blue 
indigo*  In  order  to  obtain  the  colonriesa  modifioation  of  tho 
ooloimng  matter  of  cocbineal,  he  adds  what  he  terms  ^hydrate 
of  oxide  of  iMd**  to  an  aqueous  deoootion  of  cochineal,  the 
fats  being  prefiooBiy  removed  by  aether.  The  colouring  mat- 
ter is  entirely  removed  by  the  so-called  oxide  of  lead,  which 
is  nothing  but  a  basic  nitrate  of  lead,  2(3PbO,  NO^  -f  3HO. 
The  lead  compound  suspended  in  wnter  (hot  ?^  wns  dcrom- 
posed  by  a  strrnm  of  hydrosulphuric  acid  ;  the  nearly  colour- 
less filtrate  deposited  on  cooling  needles  of  a  pale  yellow 
coltuir,  which  became  perfectly  white  by  washing  with  aether 
and  pressing  between  bibulous  paper;  these  crystals,  which, 
according  to  his  statement,  arc  soluble  in  water  and  alcohol, 
but  less  so  in  aether,  assume  in  contact  with  the  atmosphere 
the  purplMcd  of  the  coburing  matter  of  coduneaL  He  more- 
omaaeeite  that  hia  eolowleis  modifieation  giviB  a  white  lead 
aalt  on  ad^ng  acetate  of  lead  to  ita  atpieooa  aohition,  and  that 
ihie  aasttmes  a  purple  colour  in  contact  witii  the  air. 

He  proposes  to  give  the  name  carmine,  hitherto  applied  to 
the  red  colouring  matter,  to  the  white  crystals,  and  to  deeig* 
nate  the  red  substance  by  the  name  Carm^ine/* 

The  "statements  of  Prri"«;cr,  generalizing  most  beautifully 
under  one  head  the  c1j< mieal  character  of  all  colouring  mat- 
ter, making  indigo  as  it  were  the  prototype  of  them  all, 
could  but  induce  other  chemists  to  work  out  more  in  detail 
the  relations  cursorily  pointed  out  in  the  memoir  of  this  che- 
mist. Unfortunately  a  carci'ul  repetition  of  these  experiments 
haa  no^  eonfinned  the  baeia  on  which  hia  theory  repoeea. 

M»  A.  B,  Arppe  repeated  Preiaaer^a  exneiinienta  on  the 
oofewlng  matter  of  oooiitneal*«  He  fi>una  that  hj  proeeed- 
ing  in  the  manner  described  by  PMaaer  that  he  eould  onlj 
obtain  a  red  solution,  which  on  evaporation  waa  converted 
into  white  crystals  of  oxalic  acid  bj  the  mtrio  add  derived 
fiom  the  basic  lead  salt. 

Arppe  now  prepared  a  pure  oxide  of  lead  by  precipita- 
ting acetate  of  lead  ^vith  potoiih.  He  found  that  this  would 
not  take  down  the  colouring  matter  in  the  cold,  but  by  boil- 
ing it  is  can  led  do  wn  as  a  blue  lake^  which  he  decomposed 
by  bydrosul[)]nirlc  acid ;  the  supernatant  lit^nur  was  nearly 
colourless,  the  colouring  matter  he  found  adhered  with  great 
obetinapy  to  the  sulphuret  of  lead,  from  which  water,  alcohol 
and  ammonia  ftiled  to  separate  it  s  but  eo^huiet  of  ammo* 

*  UMg*9  Annakn,  toL  It.  p.  101. 
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nium  ttud  adds  rendered  it  perceptible.  He  likewise  tried 
to  obtain  the  colouring  matter  in  a  state  of  purity  hy  pre- 
cipitating with  hydrated  oxide  of  lead  an  aqueous  decoction  of 
cochineal  (previously  purified  from  nitrogenous  substances  by 
nitrate  of  silver).  On  treating  the  precipitate  by  hydrosui- 
phuric  acid,  he  obtained  a  red  liquor  of  strongly  acid  readkm, 
the  acid  of  which  "vvas  not  derived  from  the  lead  salt :  on  eva- 
poration it  left  a  dark  red  mass,  emitting  the  smell  of  burnt 
sugar.  Wishing  to  separate  the  acid,  which  he  tlum-ht 
contaminated  the  colourin)"^  matter,  he  prej)ared  a  strunj? 
aqueous  decoction  of  cochineal,  and  ailer  separating  the  ni- 
trogenous matter  by  means  of  nitrate  of  silver,  filtering,  and 
then  saturating  by  ammonia,  and  afterwards  adding  the 
hydrated  oxide  of  lead^  he  found  that  the  supernatant  am- 
moniacad  Uquor^  which  was  nearly  colourless,  yielded  by 
evaporation  an  acid  liquid ;  and  on  decomposing  the  lead  lake 
with  hydrosulphuric  aci^  he  obtained  a  liquid  slight^ 
coloured  (the  colouring  matter  adhering  to  the  sulphuret  of 
lead),  which  was  likewise  acid.  From  this  he  concluded  that 
the  colouring  matter  had  not  up  to  that  period  been  obtained 
in  a  state  of  purity. 

MicTMeopic  Exanumiion  of  Living  Coehineai, 

By  the  kindness  of  Sir  James  Clark,  who  furnished  me  with 
speciim  lis  of  the  living  insect,  I  have  been  enabled  to  examine 
the  physical  characters  of  the  colouring  matter  as  it  exists  in 
the  organism  of  this  little  insect  before  it  is  subjected  to  the 
process  of  drying  for  cmmneroe.  On  examination  by  the  mi- 
croscope, the  white  dust  which  coyers  the  insect  and  the  ad« 
jaoent  parts  of  the  cactus  leaves,  on  which  it  feeds,  has  all  the 
characters  of  an  excrement ;  it  has  a  curled  cylindrical  form, 
ia  of  very  uniform  diameter  and  of  a  white  C(rfoiir.  On  re> 
moving  the  powder  with  a  little  sether  and  piercing  the  side 
of  the  little  creature,  a  quantity  of  a  ]>in'pl!<5h  red  fluid  exudes, 
which  contains  the  colouring  matter  in  minute  granules  as- 
sembled round  a  colourless  and  larger  nucleus,  and  these 
groups  float  in  a  colourless  fluid.  It  is  evident  from  this, 
that,  \vhalevci  may  be  the  function  of  the  colouring  matter,  it 
hab  a  distinct  and  marked  torm,  and  does  not  pervade  as  a 
mere  tint  the  fluid  portion  of  the  insect. 

Separation  qf'  the  Colouring  Matter* 

It  became  evident  firom  a  few  preliminary  experiments  that 
the  investigation  would  be  greatly  facilitated  by  the  employ* 
ment  of  a  lar^  quantity  of  material ;  and  as  in  the  course  of 
the  inquury  difierent  methods  were  adopted  for  the  prepara- 
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tioa  of  the  colouring  matter,  ca|)itai  letters  will  be  u$ed  to 
designute  the  various  preparations. 

A.  About  3  lbs.  of  ground  cochineal  (technically  known  a8 
shelly  black)  was  introduced  into  15  gallons  of  boiling  distilled 
Witer,  and  the  mixture  maintained  at  that  temperature  foot 
twenly  mmutees  tlie  dtoeoetionj  stnined  tlnoiigh  a  nknr^  wm 
aUowed  to  Bubiide  for  a  quarter  of  an  hour  and  tlien  decanted 
off;  whilst  still  hot  the  tnmsparent  liquid  mm  mixed  with 
bene  nitrate  of  lead^  added  with  caution  to  avoid  exeeM;  a 
fine  purple  lake  was  thus  obtamed)  the  supemalaat  liquor 
retaining  onl^  a  pale  buff  tinge.  After  decantation  of  the 
flupernatant  hquor,  the  lake  was  thrown  on  a  doth  filter  and 
washed  with  distilled  water  until  the  filtrate  gave  but  a  slight 
opalescence  with  ehloride  of  mereniy,  which  was  found  to  be 
a  test  for  the  presence  of  nitrogenous  matter.  The  lead  lake 
was  then  suspended  in  distilled  water  and  treated  with  a  co- 
pious stream  of  bydroeulphuric  acid,  when  a  precipitate  of 
sulphuret  of  lead  and  a  deep  red  supernatant  liquid  was  ob- 
tained ;  oTi  stirrinp-  the  liquid  this  colour  almost  disappeared, 
the  roloiiriiiL'-  i: Kilter  being  evidently  absorbed  by  the  sul- 
plun  i  t,  agreeing  perfectly  with  Arppe's  obsen'ation.  A  fresh 
stream  of  gas  reproduced  tlic  colour,  which  was  again  absoibed 
on  stirring;  after  coiitiiiu  Diis  treatment  with  hydrosulphuric 
acid,  the  lead  lake  being  con][)letely  decomposed,  the  filtered 
liquid  was  evaporated  in  a  \\  aler-bath  to  a  syrupy  consistence, 
and  the  evaporation  finished  as  far  as  jjussible  at  a  tempera- 
ture of  38°  C.  The  semi-solid  substance  thus  obtained  was 
of  a  deep  purple  colour,  had  a  strongly  acid  reaction,  and 
evolved  the  smell  of  burnt  su^ar,  as  noticed  by  Arppc,  The 
weight  of  this  substance,  which  I  call  emde  carmmie  add, 
was  3|  08s*i  and  1  os.  more  was  obtained  horn  the  lendue  by 
aimilar  treatment* 

B.  On  repeating  the  same  process  the  whole  product  was 
lost.  An  excess  «  the  basic  nitrate  having  been  employed, 
the  nitric  add  set  free  by  the  hydrosnlphuric  add  caused  a 
violent  deccmpoaition,  with  evolution  of  nitnma  fames,  as 
soon  aa  the  carminic  acid  arrived  at  a  pasty  eonnstenoe;  this 
agrees  also  with  Arppe's  experience. 

C.  In  this  operation  a  decoction  of  cochineal,  made  in  the 
described  manner,  was  |Nrecipitated  with  a  solution  of  acetate 
of  lead  acidulated  with  acetic  acid  (six  parts  by  weight  of 
crystallized  acetate,  and  one  part  of  strong  acetic  acid).  The 
resulting  lead  lake,  being  very  bulky,  was  washed  by  deran- 
tation  with  boiling  distilled  water,  coUcrted  on  a  hltcr,  dried 
in  a  current  of  warm  air,  and  finely  powdered j  1?  cf 
crude  mrmimU  qf  lead  were  thus  obtained. 
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alcohol,  spec.  grav.  '630.  The  filtered  tincture  deposited  on. 
ooduig  a  graniilsr  precipitate,  consitthig  ohiefly  of  &tty 
matter  retaining  a  portion  of  colouiiiig  matter  {  Oft  OOQOai- 

traiing  the  tincture  by  distillation  a  further  quantity  was 
deposited,  which  was  filtered  off ;  the  filtrate  was  evaporated 
to  drync  s  in  racj'o,  when  alter  eight  weeks  a  gummy  resi- 
due was  ohtaiiu  d.  This  mass  dissolved  with  great  difficulty 
in  a  lar;zi  (jiiaiitity  of  absolute  alcohol,  a  red  flocculent 
substance  consisting  chiefly  of  nitrogenous  matter  remaining 
undisHolved.  The  alcoholic  solution  filtered  oli  from  this 
dcpobit,  concentrated  by  distilluUou  and  tnmlly  cvapuruted  m 
vacuo  ovei'  sulphuric  acid^  dried  to  a  tenacious  semi-solid 
WMMf  ooveied  with  a  colourleis  oily  fluids  ttad  oontoming  cry- 
ataUine  partideB  of  a  aolid  fat  After  removal  of  the  ttta  by 
raeana  of  nthery  this  maaa  waa  digested  in  water  at  56P  C«y 
which  paxtly  ^solved  it  with  a  fine  red  colour,  leaving  a 
hrown  mass  of  resinous  aspect  behind,  more  of  which  de* 
poattadon  the  cooling  of  the  coloured  liquid  |  the  decoction 
waa  now  evapovated  to  the  consistence  of  a  ■ym|i^  and  finally 
dried  in  vacuo  over  sulphuric  acid. 

These  are  all  the  processes  employed  to  extract  the  colour- 
in!?  matter  from  the  cochineal;  1  may  here  reniark,  before 
entering  on  the  details  of  its  further  purification,  that  1  ob- 
tained other  substances  on  evaporating  tlie  mother-liquors 
from  which  the  colouring  matter  had  been  separated  by  lead 
salts,  which  uUl  be  hereafter  described. 

Puriji cation  of  the  Canubuc  Acid, — In  m^^  first  attempts 
to  purify  the  colouring  matter  I  proceeded  in  tlie  following 
way  :<~»An  aqueona  soltttion  of  the  crude  carminio  acid  (A) 
waa  precipitated  with  acetate  of  lead,  the  nrecipitate  of  caii- 
minate  of  lead  weU-washed  and  deoompoeea  1^  nydroeulpbu« 
ric  acid;  the  red  supernatant  liquid  waa  firet  ooncentrated  on 
the  water-bath  and  finally  dried  in  vacuo  i  a  highly  hygn^ 
scopic  purple  residue  was  thus  obtained. 

I  could  not,  by  whatever  meana  I  adoptedf  effect  the  deco* 
lorization  of  the  colouring  principle.  In  several  attempts  I 
heated  the  solution  for  some  hours  to  100'  C,  keeping  up  a 
continuous  current  of  hydrosulphuric  acid,  and  in  other  ex- 
periments a  stream  was  inade  to  j)ass  for  several  days  tliixmgh 
the  disengaged  colouiing  matter,  but  without  the  slightest 
change  in  its  aspect.  From  these  experiments,  made  with 
the  greatest  care  and  at  several  periods,  1  am  led  to  the  same 
conclusion  as  Arppe,  that  Preisser  must  have  been  mistaken 
in  his  results^  and  I  regret  that  I  cannot  throw  any  %ht  on 
the  probable  cause  of  his  error. 
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Serend  comlmslionft  of  theoarmmicMid  thiiB  pfmifiad  tnere 
SMdfl^  the  venilliiig  niimbm  however  beoeme  ueeleit  by  the 
sobfiraueat  obeervalioa  that  thia  add  was  by  no  means  pure. 
A  niffiemt  quantity  bsing  inciaented  left  a  reMdue  of  add 
reaction,  which  waa  euapected  to  contain  phosphoiio  asidi 
Gnminic  acid  burning  only  with  great  difficulty,  it  was  re- 
converted into  carminate  of  lead,  the  oxide  of  lead  dissolved 
out  of  the  residue  obtained  after  fuminp;  by  acetic  acid,  which 
left  a  white  residue  of  metaphosphutc  uf  lead,  to^etlier  with  a 
little  lead.  The  white  residue  wn^  soluble  in  (Hlute  nitric 
acid,  and  exhibited,  when  treated  beiure  tiic  M  jwpipe,  the 
characters  of  nietaphosphate  of  lead;  other  lc^U  likewise 
coiifiiiiicd  the  presence  of  phosphoric  acid.  It  will  hereafter 
be  seen  that  the  process  of  extracting  the  colouring  mutter  by 
alcohol  (D)  does  not  exclude  the  phosphoric  acid,  which  in 
all  probabUily  eaiated  in  the  oolonriug  matter  analysed  by 
Pelietier,  It  ia  further  evident  that  the  preaenoe  of  phoa- 
phoric  acid  explaina  moat  aatiafiMtoiify  the  fivBta  obaenred  by 
Arpf)^ 

a.  In  order  to  aeparate  the  phoaphi^c  acid,  another  poi^ 
tion  of  crude  carminic  acid  (A.)  was  precipitated  with  acetate 
of  lead«  Three-fourths  of  the  earminate  of  lead  produced  were 
decomposed  by  hydrosulphuric  acid  and  evaporated  to  dry- 
ness in  the  way  already  mentioned.  The  dry  mass  being  dis- 
solved in  cold  absolute  alcohol,  and  filtered  from  a  flight  lloc- 
culent  brownish  residue,  was  heated  to  ebullition  m  a  watcr- 
batli  and  mixed  with  the  remaining  fourth  of  tiie  carminate 
of  lead,  which  had  been  previously  reduced  to  a  fine  powder; 
the  ebullition  was  continued  for  a  few  hours.  In  this  method 
the  free  phosphoric  acid  combined  with  the  lead,  hberating 
an  equivalent  proportion  of  carminic  acid,  which  was  taken 
up  by  the  alooboL  The  alcoholic  aohitton  waa  filtered  whilat 
hot,  coooentrated  by  diatillatbn,  and  then  evaporated  in  voeno 
In  the  preaenoe  of  sulphuric  acid;  it  dried  mto  a  granular 
mass  of  a  deep  purple-brown  colour,  detaching  itaelf  sponta* 
neously  firom  the  aidea  of  the  veaad,  and  on  examination  by 
the  microaeope  was  found  to  be  a  beautiful  tranaparent  crim- 
Mii  anbatanoe^  exhibiting  ooljr  alight,  if  any»  signs  of  crystal* 
line  structure ;  by  pulverization  it  became  of  a  line  scarlet 
colour ;  it  left  a  mere  trace  of  ash,  and  was  found  to  be  per- 
fectly tree  ieom  pboaphoric  acid*  It  was  highly  hygroma* 
tric"^. 

*  In  consequence  of  tbtt  it  was  found  conTenient  to  di^  tlie  carmioie 

acid  intended  for  annU'sis  in  tittle  ^^foppered  tubes  in  the  air-pump^  as  tht 
stopper  could  be  rspidly  imerled  after  deaioctttioa,  and  aoctn  of  air  efte> 
tually  preTeatML 
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Burnt  vith  chromftte  of  kad,^ 

I.  *4647  grm.  gave  '9096  grm.  ctrbonio  Mid  and  *2l75  grab 

water. 

II«  *40aO  gnn.  gave  «9106  gym*  earbonie  add  and  *2140 

gnn«  water. 

For  the  lalt^  analysis  I  am  indebted  to  mj  friend  Mr.  Ni» 

diolson. 

b,  A  second  preparation  of  carminic  acid  wa**  mnAc  hy 
operating  on  the  crude  rarminiLte  of  lend  (C)  and  tr^  afmir  tlie 
resulting  crude  carminic  acidiii  the  uianner  just  described  tor 
the  preparation  a.  It  left  on  incineration  0*2  per  cent,  of  ash 
(•16()9  jrrm.  piving  '0003  grm.  ash),  which  was  neglected  in 
the  tollo\\  in^i:;  analyses: — 

III.  '.i/ 10  grin,  gave  '7^10  grui.  carbonic  acid  and  '1^10 
grm.  water. 

IV.  *3665  grm.  gave  grm.  carbanic  add  and  *178S 
grm«  water. 

c*  To  efibct  the  purification  of  the  carminic  add  (D)  ob- 
tained by  digesting  cochineal  in  alcohol,  it  was  dissolved  in 
water  and  preeipit»ted  by  acetate  of  lead ;  tbe  filtnte  was  found 
to  contain  nitrogenous  matter,  and  the  carminate  of  lead  to 
be  contaminated  with  phosphate  of  lead;  it  was  therefore 
treated  in  the  manner  already  detailed. 

V.  '3925  grm.  of  this  substance  gave  *7658  grm.  carbonic 
acid  and  'l/BOgrni.  water. 

<7.  A  fourth  ])reparation  of  carminic  arid  was  obtained  by 
substitutiim  ])hosplioric  acid  for  hydK -sulj>huric  in  tlie  de- 
composition of  tlie  crude  carminate  ot  lead  (C),  and  evapo- 
rating the  carminic  acid  to  dryness  in  contact  with  a  fresh 
portion  of  carminate  of  lead ;  this  did  not  however  separate 
entirely  the  phosphoric  acid,  it  was  therefore  redissolved  in 
boiling  absolute  aloobol,  and  maintained  some  time  at  that 
temperatnre  with  more  carminate  of  lead.  On  analysis-* 

VI.  «S60S  grm.  gave  'fbSO  grm.  carbonic  add  and  «184d 
grm.  water. 

Pelletier  having  obtained  in  his  analysis  of  ^  carmine^ 
(carminic  add)  as  much  as  3*56  per  cent,  of  nitrogen,  all  the 

before-cited  preparations  of  carminic  acid  were  carefully  exa- 
mined qualitatively  for  nitrogen  by  heating  with  soda-lime, 
and  without  exception  arrive  indications  of  its  presence ;  in 
most  cases  but  a  mere  trace  was  found,  hnt  I  thought  it  ne- 
cessary notwithstanding  to  make  a  few  quantitative  determi- 
nations, especially  as  M.  Berzelius*  had  pointed  out  the  im- 
probability of  it  being  an  essential  constituent. 

•  Tratie  tie  Clum.  t  iii.  p.  808.    Brusselti,  edit.  1839. 
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The  last  preparation  {d]  appearing  to  contain  more  than 
any  of  the  others^  it  was  chosen  and  burnt  with  soda-lime. 

It  wm  indigjepiable  m  ezperimenta  of  this  nature  to  teat 
tlie  naritf  of  the  aodfr-time  as  ranrded  the  abaenoe  of  am- 
noma.  A  tobe  having  9  iiuto  ofita  kngth  flUed  with  aoda- 
fime  was  heated  to  redness,  just  aa  in  a  nitrogen  determi^ 
nation ;  tlie  hydrodiloric  acid»  being  Ireited  with  bicUoride 
of  platinum  in  the  usual  mannery  gave  7*5  milligrammea  of 
amBMmio-ehloride  of  platinum ;  and  a  repetition  of  tlie  expe- 
riment gave  a  similar  result.  This  allowance  has  been  made 
on  all  the  nitrogen  determinations  by  soda-lime. 

•5938  grm.  carminic  ncid  {/i)  [rave  '0717  g^ra.  ammonio- 
ohloride  of  platinum  =  U'76  per  cent,  of  nitrogen. 

This  quantity  of  nitrogen  could  not  be  supposed  to  belong 
to  the  composition  of  the  colouring  matter,  but  was  evidently 
due  to  some  foreign  substance,  and  not  improbably  to  am- 
monia. In  order  to  purify  the  carminic  acid  still  more,  the 
aame  specimen  (cQ  waa  diaaolved  in  a  small  quantity  of  boil- 
ing abaolote  alcohol  and  the  filtered  eolation  mixed  with  teee 
timea  its  bulk  of  anhydrous  sether ;  a  splendid  acarlet  piectiNU 
tate  waa  immediately  produced,  which  abaoibed  water  raptoly 
from  the  atmosphere,  and  agglutinated  into  a  dark  purple 
mass ;  iHien  dned  it  weighed  0*3  grm.  {e).  The  nitrate^ 
which  waa  of  a  pale  oiange-red  oolimr»  Idft  on  evaporation 

0-  5  gnn.  of  carminic  acid  (/). 

•2fi.i5  prrm.  {e)  burnt  with  soda-lime  frnvc  g**"^*  am- 

monio-chloride  of  platnium  =  1*52  per  cent  of  nitrogen. 

'4732  grm.  (/)  gave  '0150  grm.  aomionio-chioride  of  pla- 
tinum =  0*2  per  cent,  of  nitrogen. 

We  have  therefore  (c)  0'3  srm.  found  to  coniam  by  ana- 
lysis 1*5  per  cent,  nitrogen,  and  (/)  0*5  grm,  0*2  per  cent.^ 

(.3  X  1-5)  +  (5  X  0-2)      ^«  *     u-  u   

1  i-i-i  i  a  -69  avenge  per  oentj  which  agreea 

closely  with  '76,  found  previous  to  treatment  with  aether. 

ff.  Another  preparation  of  carminic  add  waa  obtained 
by  (^eeipitating  crude  eanninic  add  with  acidulated  acetate 
of  eopper,  whidh  aalt  waa  found  to  carry  down  the  caiminle 
add,  and  to  leave  in  aohition  by  fer  the  greater  portion  of  the 
fiihoaphoric  add.  The  carminate  of  eopper,  which  occupied 
a  long  time  in  washing,  was  collected  and  decomposed  by 
hjrdrosulphuric  acid.  The  filtrate  was  evaporated  to  dryness, 
dissolved  in  boiling  absolute  alcohol,  filtered,  concentrated 
by  distillation,  and  again  evaporated  to  dryness  in  vact/o.  It 
still  cotit;iincd  a  trace  of  phosphoric  acid.  On  evaporating 
the  inuther-liquor  and  filtering,  from  au  impure  carminatc  of 
copper  whicii  deposited  as  the  acetic  acid  was  driven  otl*,  and 
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MUQ  me^tratin^  to  dryness^  a  brown  nuMa  waa  Mmid, 
whidi  on  iiiciiinratioii  left  a  meniib-vii^  very  hygnmMB 
aah,  In  whieh  pfaoniborie  aoa,  soda  and  isopiHr  wcm  «nind. 
Burnt  with  ohrofnata  of  lead-* 

VII.  *4020gnD.oarintmeaflid(^)gafa*9S49giin.cailMiue 
acid  and  '1669  grm.  water. 

Thia  acid  however  atill  retained  some  impuntiaa  t  <m  inci- 
neration it  left  0*4  per  cent,  of  ash  ('5489  grm.  giving  '0022 
grm.  ash),  and  examined  for  nitrogen  it  gave  the  £aiiowiiig 
numbers ; — 

•473 1  grm.  burnt  with  soda^imr  anxe  '0 1  oO  grm.  ammonia* 
chloride  of  platinum  =  0*2  per  cent,  ut"  nitrogen. 

h.  In  onK  r  to  s{  |);iraLe  ilicsn  iinpurities  the  greater  portion 
was  dissolved  in  bulling  absolute  alcohol,  and  tiltered  iVum  a 
slight  residue  ;  the  remainder,  about  an  eighth,  was  converted 
into  oanninate  of  kad  and  digested  with  mo  botliiur  aloofaoBe 
aolutton  for  aome  houra ;  the  alaohnlic  tinetore  filtered  off 
whilat  hot  and  mixed  with  about  aix  timea  ita  volamc  of  an- 
hydrous niher  $  thia  threw  down  a  bulky  precipitate  of  a  fine 
red  oobur^  which  waa  aeparated  by  filtration  and  the  fiUmte 
eoneentrated  in  a  ratort^  and  finally  evaporated  to  diyneaa  m 
mieuoih)* 

t.  Tne  precipitate  retained  on  the  filter  was  dried  in  vacuo, 

then  dissolved  in  as  small  a  quantity  of  alcohol  as  possible, 
and  nirain  mixed  with  a  large  quantity  of  aether ;  this  drtrr- 
mmed  a  precipitate  which  was  no  lonfrcr  of  a  fine  red  but  ot 
a  brown  colour,  and  on  re-solution  nud  similar  treatment  it  di- 
minished in  quantity  and  became  ilaiker  in  colour,  leaving 
the  colouring  matter  in  solution.  From  the  filtrates  a  quan- 
tity oi  carmiaic  acid  (i)  waa  obtained  on  evaporating  to  dry- 
neaa  tfi  vacuo.  It  therefore  appeara  that  the  ether  precipir 
tatea  a  nitrogenoua  body  which  carries  down  with  it  viriahle 
quantitiea  of  earminic  add,  according  as  a  larger  or  amaller 
reUtive  proportion  ia  vHroaent*  Tba  canmnie  aeid  (h)  im 
found  10  be  ^cet  from  phoaphoric  aoid  aa  well  aa  nitrogeii. 

'300.i  grm.  burnt  With  aoda^iqiegave  *0015  grnu  ■mmonio* 
d>h>ride  of  platinum  a  0*03  per  cent,  of  nitrogen. 

Fvoni  this  analysis  I  venture  to  aaaert  that  the  colouriof 
principle  of  cochineal  contains  no  nitrogen,  thus  fully  con- 
firming  the  anticipation  of  Berzelius,  AVe  can  now  undeiv 
stand  from  the  preparation  of  the  specinu  n  of  earminic  acid 
(e),  that  the  method  employed  by  Pelietier  lor  the  prepara«r 
tion  of  tlie  substance  he  analysed  was  calculated  to  accumu- 
late all  the  nitroo-enou.s  matter  contained  orisrinallv  in  his 
alcoholic  decoction  ;  a  iact  which  fully  cxplaiuti  tUti  iui'^t; 
emouat  of  uiti'ogen  he  obtained  in  his  analysis* 
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Aq  analysis  of  the  carminic  {h)  acid  by  chiomate  of  lead 
gpive  from— 

VIIL  *S167  gnn*  '6203  gnn.  earbonic  acid  and  *1402 
inifter. 

The  foUowing  fable  exhibits  the  per-oentage  results  de« 
duced  from  the  foregoing  analyses :  the  specimens  were  all 
dried  over  sulphuric  acid  tn  vaeuo^  with  the  exception  of  ana^ 
lysis  Vll.f  in  which  the  carminic  add  was  dried  at  100°  C* 

I.      IL      III.      IV.      V.      VI.     VIL    VIII.  Mem. 

Carbon...  53  38  53  63  53-78  63-55  53-21  53-97  53-20  53-42  53-51 
Hjrdrogea   5-20     5  14     5-12    619     d-fH     6-39     4'&9     492  5*07 

By  the  analysis  of  a  copper  salt  of  carminic  acid  hereafter 
to  be  mentioned,  it  became  probable  that  carminic  acid  might 
still  retain,  when  only  dried  in  vacuo,  a  portion  of  tlie  solvents 
employed ;  a  presumption  which  was  supported  by  the  ana- 
lysis VII.,  in  ^vlr'fli  tfie  substance  analysed  had  been  dried 
at  100°  C,  and  \\  liirh  f^ave  a  smaller  jxM'-centa^e  of  hydrogen. 
A  portion  of  canninic  acid  (i),  being  first  dried  in  vacuo,  and 
then  heated  to  a  temperature  of  121°  C,  was  found  to  yield 
a  small  quantity  of  acetic  acid,  and  was  nut  alUied  'n\  its 
properties,  which  were  not  in  fact  changed  even  at  a  tempe- 
rature of  136"  a 

In  the  following  analyses  the  carminic  acid,  previously  dried 
In  tfttcm  *  and  then  at  a  temperature  of  120*  C,  gave^  on 
burning  with  chromate  of  lead,  the  following  results : — 

IX.  '3347  gfna«  W  8^^^  '6648  grm.  carbonic  acid  and 
•1381  grm.  water. 

X.  '3  J  83  grm,  (i]  gave  7108  grm.  carbonic  acid  and  *1504 
grm.  water. 

These  analyses  give  the  following  per-centage  quantities  ^ 

TX.  X. 
Carbon    .    .    .    54'17  54-10 
Hydrogen     .    .     4*58  4-66 

The  analysis  IX.  b cing  of  the  same  preparation  as  had 
served  for  analysis  VliL,  it  is  fair  to  presume  that  all  the 

other  specimens  of  carminic  acid  would  have  given  the  same 

pcr-cc?itnL'e  quantities  the  specimen  (//)  if  dried  at  120*^  C, 
as  this  particular  epecinieii,  dried  in  vacuo,  yielded  numbers 
in  close  accordance  with  the  mean  of  the  other  analyses. 

These  numbers  converted  into  the  most  sim[)le  expression 
lead  to  the  foUuvviug  tbi  inula,  Cj4  Og ;  but  an  analysis  of 
a  copper  salt  renders  it  probable  that  this  formula  has  to  be 

*  Tlia  carminic  acid  ftiset  if  exposed  to  a  ttmpcrttora  of  IKfi  C*  with- 
ant  bailBf  baao  pntfiomijr  dnad. 
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dottUcdj  and  Hut  Hie  oonipaifitioa  of  cuiniiiie  add  It  «* 
pretted  hf  the  foniiiil% 

C«g  Oj^ 

as  may  be  seen  from  the  following  table  containing  the  cotn- 
arisuu  of  the  theoretical  per-centages  with  the  mean  of  ana- 
lyses IZ»  and  X* 

Theory.  fiiperimcnt* 
Cj,    ,   16d         54*19  54-13 
iQ   .     14  4*52  4*62 

•  128        41-29  n-gs 
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From  the  foreo^oing  experiments,  it  seems  that  the  best 
method  of  obtaiiiing  pure  carminic  acid  is  to  precipitate 
the  aqueous  decoction  by  acetate  of  lead ;  to  decompose  the 
washed  carmiiiate  of  lead  bv  hjdrosulpburic  add,  and  to 
throw  down  the  carminic  add  once  more  by  acetate  of  lead, 
previonaly  mixed  with  acetic  acid ;  to  deoompoee  the  canni- 
nate  of  lead  by  hydrosulphuric  acid ;  to  evaporate  to  dryne» 
and  rediaaolve  the  carminic  acid  in  absolute  alcohol ;  then  to 
digest  the  alcoholic  tincture  with  carminate  of  lead ;  and  lastly, 
to  precipitate  the  trace  of  nitrogenous  matter  by  ether,  the 
pure  carminic  acid  is  obtained  from  the  filtrate. 

As  thus  prepared,  carminic  aci(!  brts  the  following  proper- 
ties. It  is  a  purple  brown  friable  mass,  transixircnt  when 
viewed  by  the  microscope,  and  pulverizing  to  a  fine  red 
powder  J  soluble  in  water  and  alc  ohol  in  all  proportions,  verv 
slightly  soluble  in  aether,  which  dues  not  however  preci|)itatc 
it  from  its  alcoholic  soluti(»n  if  free  from  nitrogenous  matter. 
It  is  soluble  without  decomposition  in  concentrated  hydro- 
chlorie  and  sulphurie  adds.  It  is  decomposed  hy  chlorine, 
iodine  and  bromine,  which  chaoffe  ita  colour  to  yeUow,  and 
the  latter  on  warming  or  by  standbg  stves  a  yellow  precipi- 
tate soluble  in  alcohol.  Nitric  add  decomposes  it  even  if 
highly  diluted :  I  shall  have  occasbn  to  refer  to  this  decom- 
position presentily«  It  bears  a  temperature  of  136"^  C.  with- 
out decomposition  ;  on  gradually  increasing  the  temperature 
a  quantity  of  an  acid  liquor  is  produced,  and  at  a  red  heat  it 
intumesccs  and  gives  ot^' a  small  quantity  of  red  fumes,  vhich 
(X)nde!i«e  :  it  irives  no  trace  of  oily  matter. 

Tlu  iujiit  uus  solution  has  a  feeble  acid  reaction  ;  it  do<  s  not 
absorb  u.wgcn.  A  volume  of  this  ^as  conUmed  in  u  Lube 
with  carminic  acid  over  mercury  did  not  change  by  absorption 
after  exposure  lor  several  months.  The  fixed  alkalies  and 
ammonia  give  no  precipitate  in  the  aqueous  sdution,  merely 
changing  it«  colour  to  |>urple ;  in  the  alooholie  tinetufe  they 
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produce  purpie  precipitates ;  all  the  nlkaline  earths  produce 
purple  precipitates;  sulphate  of  ahinnnn  jrivesno  precipitate, 
but  on  addition  of  a  drop  of  amiuunia  the  carminic  acid  is 
immediately  taken  down  as  a  beautiful  crimson  lake;  acetates 
of  lead,  copper,  zinc  and  silver  give  purple  precipitates;  the 
latter  is  immediately  decomposed,  and  silver  deposited ;  the 
nitrates  of  lead,  mercury  and  silver  reddish  precipitates ;  pro- 
tochloride  and  bichloride  of  tin  no  precipitates,  but  change 
the  coloor  to  a  deep  crimson. 

The  add  character  of  carmmic  acid  bein|;  so  jaj  litde  |»o- 
nouncedy  I  met  with  considerable  dilBealtiea  in  determining 
Its  atomic  weight ;  it  is  only  with  great  reserve  that  I  bring 
ftvward  the  formula  before  cited.  Several  attempts  were 
made  to  produce  soda,  baryta,  lead  and  copper  componnda, 
but  It  was  only  with  the  co|yper  salt  that  i  obtained  multa 
agreeing  in  different  preparations. 

it  seems  that  carminic  acid  attaches  itself  to  salts,  for  it 
was  found  that  the  precipitants  could  be  removed  from  the 
precipitates  only  with  the  greatest  difficulty.  I  omit  several 
soda,  baryta  and  lead  determinations  which  have  not  led  to 
any  ^fitisfartory  rcsnlt,  and  contine  my^^f^H"  to  the  statement  of 
the  result  of  the  analysis  of  the  copper  compound.  It  was 
obtainrd  i)y  acidulating  au  aqueous  solution  of  pure  carminic 
acid  with  acetic  acid,  and  then  precipitating  by  the  cautious 
addition  of  acetate  of  copper,  so  as  to  leave  an  excess  of  car- 
minic acid  in  the  liquid.  The  precipitate  was  well-washed  by 
deeaiitalion  (l)y  wiiich  a  great  loss  was  sustained)  and  dried. 
It  foi  inrd  into  masses  of  a  bronze  colour,  very  hard  and  dif- 
heult  to  powder.  Two  bpecimens  were  prepared  at  different 
times  (a  and  b). 

h  '2800  grm.  (a)  dried  at  100>^  C.  hfy  after  ignitioii  and 
treatment  with  nitric  acid  and  re-ignition^  *0890  gnn,  cnde 
of  copper. 

II.  'S7S2  grm.  (b)  dried  at  lUO^  C,  gave  '0426  grm.  oiide 

of  copper. 

III.  *4708  grm.  (d)  dried  at  100^  C.  gave  on  boming  with 
ohtomate  of  lead  *8210  grm.  carbonic  add  and  *1748  grm. 

•water. 

These  nomben  kad  to  the  following  per^^sentaga  venilta 

I.  II.  III. 

*       Carbon  •  •   «  47*62 
Hydrogen   •••  4*12 

Oxide  of  copper    11*78       11 '27 
agreeing  closely  with  the  formiila,  C^^  IlnOig,  CuO,  as  will 
be  seen  irom  a  oomparieon  of  the  theoretical  and  experimeatai 
Humbert. 
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Carbon  • 

Oxygen  * 
Ozideof  o< 


• 

28 

168 

4805 

47-62 

14 

14 

401 

■1-12 

• 

16 

128 

36-61 

3G74 

r 

1 

39-6 

11-33 

11-52 

849<6 

100*00 

Aetim  qfNUrie  Aeid  o»  CmMc  AM. 

Nitrococcusic  Acid. — VViieii  acting  with  niti  ic  acid  ua  car- 
mine" (camiinic  acid)j  MM.  Pelletier  and  Caventou  obtained 
wbite  add  ciystali  ntemblliig  oKtlic  aoid,  but  differing  from 
Uiia  add  m  aefefal  of  its  properttcoi  M*  Ar|ipe  found  thifc 
fho  acid  produood  was  oxalio  acid*  In  mj  espmmentB  I  ob- 
tained the  following  results : — One  pound  and  a  half  of  crude 
carminic  acid  was  gradually  introduced  into  ten  pounds  of 
nitric  acid,  spec.  grav.  1*1,  and  digMtod  at  a  moderate  heat; 
a  violent  evolution  of  nitrous  fumes  succeeded  each  addition 
of  the  carminic  acid ;  after  the  whole  quantity  had  bcf n  in- 
troduced and  the  notion  had  somewhat  subsided,  the  nii  vturc 
was  transferred  into  a  smaller  vessel  and  the  action  continued 
at  the  boiling-point  for  about  two  hours ;  by  this  time  the 
greater  part  of  the  nitric  acid  had  evaporated,  and  on  with- 
drawing the  vessel  from  the  tire  and  allowing  the  mixture  to 
oool,  a  crystalline  cake  was  obtained^  which  on  examination  waa 
found  to  oonaist  partlpr  of  new  add  and  nartlpr  of  oxalio  aoid. 
To  separate  the  ozahc  add|  it  waa  diaaoWed  m  a  larse  quan^ 
tit/  of  boiling  water  and  treated  with  nitrate  of  lead  aa  long 
as  any  precipitate  formed ;  this  was  collected  and  decomposed 
by  boilmg  with  dilute  sulphuric  add ;  the  filtrate  from  the 
sulphate  of  lead  yielded  a  large  quantity  of  prismatic  crystals 
of  oxalic  acid,  \\hlch  were  obtained  perfectly  white  nnd  pure 
after  two  or  three  crystallizations  with  the  aid  of  a  litUe  ammai 
charcoal. 

The  yellow  liquid  filtered  from  the  oxalate  of  h  ad  was  con- 
centrated and  separated  ii  oiu  a  fresh  j)ortion  of  oxalate  whicii 
dopuiiitcd  on  coucentratiou,thc  evaporation  was  then  continued 
until  a  large  quantity  of  crystals  formed;  the  solution  on 
ooohng  depoaiteda  very  bulky  maaaof  TellowrhoDibioprinna» 
which  were  drained  and  dried,  and  fe-diaaolved  in  a  auiBdent 
quantity  of  boiling  water,  which  on  cooling  deposited  the  oeid 
(for  which  1  propoee  the  name  of  nitrocooenato  add)  in 
beautiful  cryatab  free  from  any  lead  aalt;  it  was  recrystal- 
lized  twioe  mom,  by  whidi  meana  it  waa  obtained  pai^Bot^ 
pure. 

Several  preparations  were  made>  sometimes  uaing  |Hure  oar* 
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miuic  acid^  at  other  Umes  carminate  of  lead^  with  similar  re« 
suits. 

The  analyses  of  four  different  preparations  dried  ikt  100'' 
C.  gave,  OQ  burning  with  chromafte  of  kod  (unleas  otherwise 
stated),  the  following  numben  t — 

h  *S152  grm.  (a)  gave  *3899  grab  oarbonio  add  and  •OBf^l 
grm.  water. 

II.  *90OOgrttu  (a)  gave  *80B0  gnn«  oarbonio  add  and  ■0445 
gnu  water. 

(For  this  analysis  I  am  indebted  to  Mr.  Nicholson.) 

nr.  *30GB  grm.  (a)  gave  'ddflO  grm.  carbonic  add  and 

•0502  grm.  water. 

IV.  -4498  grm.  ifi)  gave  *5626  gnu.  carbonic  acid  and 
•0757  grm.  water. 

V.  *4461  grm.  (c)  gave  *5515  grm.  carbonic  acid  and  *0777 

grm.  water. 

VI.  '4503  grm.  (d)  gave,  on  being  burnt  wiih  oxide  of 
copper,  •5585  grm.  carbonic  acid  and  '0757  grm.  water. 

VII.  '4796  grm.  {c)  gave,  on  bdn^  burnt  with  oxide  of 
copper,  and  a  layer  of  copper  twelve  inches  long  used  so  as 
to  completelv  decompose  the  binoxide  of  nitrogen,  *588S  grm. 
carbonic  acid  and  *0815  grm.  water. 

The  foregoing  analyses  lead  to  the  lollovring  per^xntage 
quantities.*— 

I.        U.       III.       IV.        V.        VI.  VII. 
Carbon   .  33-67   33*60  33-95   34-11   33-72   33*82  33*44 
Hydrogen    1*98     1*98     1*82     1*87     1*93     1*87  1*89 

In  the  following  experiments  the  nitrogen  of  the  nitrococ- 
cusic  acid  wns  ascertained  by  burning  with  oxide  of  copper 
in  an  atmosphere  of  carbonic  acid. 

VIIL  -G808  grm.  [b]  dried  at  100^  C.  gave  84  cub.  cent,  of 
moist  nitrogen  at  G  '5  C.  aiul  U-75S5  m.,  barometer  corrected. 

IX.  7IG2  grm.  (c)  dried  at  100°  C.  gave  91-5  cub.  cent,  of 
moist  nitrogen  at  17^5  C.  and  0*7841  m.,  barometer  corrected. 

Theae  numbers  eom^nd  to  the  following  per-oeutagc 
qusoitities:-^ 

Vin.  IX.  Mean. 

Nitrogen  .  .   15-03      14*92  14-97 

X.  In  thb  experiment  the  nitrogen  was  determined  accord- 
ing to  Bunsen's'*'  method,  which  consists  in  burning  the  sub- 
stance mixed  with  oxide  of  copper  in  the  presence  of  copper 
turnings  in  a  hard  glass  tube.  The  tnbe  being  freed  from  air 
by  a  stream  of  hydrogen,  is  tlien  exhausted,  sealed  hermetically, 
and  placed  in  an  iron  mould  fillrd  witli  plaster  of  Pari'^ :  it  is 
then  iieated  to  redness  and  allowed  to  cool.   Aiter  the  com- 
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buBtion,  <ihe  gas  is  traiMfcmd  into  a  gndmiled  jar  ow  mer- 
cury  and  its  volume  noted ;  the  carbonic  acid  being  absorbed 
by  a  potash  ball^  the  volume  is  again  read  off*  Thia  analysis 
gave  the  foUowing  numbers: — 

Vol.       Temp.  Diff.  of  level.  Barom. 
Carbonic  acid  +  nitrogen  (moist)  20°-7C,     (y"-0640  0'"-7543 

Nitrogen  ^2        20°-0        ©'"■IGoO     tr  7529 

The  height  of  the  column  of  lucrcury  in  the  eudiometer 
above  the  level  in  the  trough  and  the  barometric  column  are 
corrected  for  temperature. 

Carbonic  udd  -f-  nitrogen  corrected  to  0°  C.  and  barom.  1"  =  76*84 

Nitrogen  0*  ...      V=  12 16 

Caibonleacld  ....  0«  ...      1*B  64-08 

64*68 

Y^qg  s  5*32^  which  is  the  ratio  of  carbon  equivalents  to  one 

nitrogen  equivalent. 

The  precedinff  analyses  of  nitrococcusic  acid  agree  ^vith  the 
foUowing  formub,  confimed  by  the  analyses  of  several  of  ita 
eompoond^  C,«H,N3  0,„ 

as  wiii  be  seen  on  rcleiiing  to  the  table. 

Theory.  iixpcrimeat. 

*  ■   >  Mmui. 

Carbon  .  16  96  63*45  38*75 
Hydrogen  5  5  1*74  1*91 
Nitrogen.  3  42  14-63  14-97 
Oxygen  .  18      144      50-18  49-37 

287  100*00  100^ 
fiy  analysis  VIL,  in  which  the  precaution  was  taken  of 
using  a  very  long  layer  of  copper  turnings,  there  vaa  ob- 
tained, carbon  33*44,  hydrogen  1*89 ;  these  numben  agree 
as  closely  as  possible  with  the  theoretical  quantities,  as  docs 
like^^  ise  the  nitrogen  determination  (X.)  by  Bunsen's  method ; 
in  this  experiment  the  ratio  of  carbon  equivalents  to  nitrogen 
equivalents  was  found  to  be  as  5*32  to  1,  or  as  16  equivs.  of 
carbon  to  3*007  equivs.  of  nitrogen  ;  taking  analysis  VII.  as 
the  bciisis  of  calculation,  it  gives  14*67  per  cent,  of  nitrogeOi 
tlie  theoretical  number  being  14-63. 

The  acid,  as  it  separates  from  its  aqueous  solution,  conUuns 
water  of  ctystallization,  which  it  loses  at  100^  C. ;  four  expe- 
riments gave  the  following  results: — 

•4800  grm.  lost  -0289  grm.=6*02  per  cent. 
*6613  *0395  ...  s:5*97 

*6586  •0385  ...  s5*64 

*4804   *0S89  ...  Bs6*01 

Mean  •  •   s5*96  ••• 
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Tliis  meaa  corresponds  perfectly  with  the  formula 

as  nay  be  seen  by  a  comparison  of  the  theoretical  and  expe- 
rimental namben. 

Theory.  Experiment, 

I-  ■     'I   ■  — >  Mean. 

1  equiv.  dry  acid     .    .    .    28?       94'10  V  i'04 

2  ...    water    ....      18        5*90  5  96 

1    ...     crystallized  ni-1  ioo*oo 
trococcusic  acid    .  .J 

Pro/icrfics  of  Nitrococcu^ic  Acid. — It  is  of  a  yellow  coloiuv 
cr\'6talii/inj^  in  rhombic  plates,  aiid  presenting  very  different 
ai»])ccts,  accurding  to  the  circumstaoceis  under  which  it  is  cry- 
stallized. Its  solution  stains  the  skin  yellow,  it  is  soluble  in 
cold,  but  considerably  more  so  in  hot  water ;  soluble  In  al- 
cohol,  and  very  solttbie  in  sther.  All  its  salts  dissolve  readily 
in  water,  and  most  of  them  in  akohol;  it  deflagrates  violently 
on  bein?  heated;  it  dissolves  iron  and  zinc^  becooung  dark- 
coloured.  It  if  decomposed  by  sulphmret  of  ammonium  vrith 
separation  of  sulphur  and  the  formation  of  the  ammonia  salt 
of  a  new  acid,  which  I  have  not  yet  examined. 

Compounds  of  NUrococeuiks  Acid, 

Niirococcttsate  of  Pota$h. — I  have  prepared  this  sah  by 

two  different  methods. 

({.  A  solution  of  nitrococciisic  acid  in  boilincr  writer  was 
accurately  saturated  with  carbonate  of  pntash  ;  liy  e\  ;iporation 
to  a  small  bulk  and  conlirig,  the  salt  was  obtained  in  small 
yellow  crystals ;  it  was  ])\n  itied  by  draining  and  recrystallizing;. 

b.  An  netherial  solulion  of  the  acirl  was  precipitated  by  the 
cautious  addition  of  an  alcoholic  solnti  m  of  potash  ;  the  pale 
yellow  precipitate  wjished  with  aether  and  dried,  then  dissolved 
in  as  small  a  quantity  of  cold  water  as  possible,  and  the  solu- 
tion poured  into  about  five  times  its  bulk  of  absolute  alcohol ; 
ailcr  standing  some  time  the  salt  crystallized  in  well-formed 
crystals ;  it  was  washed  with  aether  and  dried.  The  ethmal 
wadungs  being  added  to  the  mother-liquor,  a  forther  portbn 
was  ob&ioed  and  washed  with  sether.  The  latter  process  is 
less  troublesome  than  the  process  a. 

!•  «5469  grm.  (a)  dried  at  100^  C.  were  dissolved  in  a  smsU 
Quantity  of  ooiling  water  and  decomposed  by  sulphuric  acid  ; 
dried  in  a  water-bath,  the  nitrococcosic  acid,  removed  by  aether 
and  the  residue  ignited,  gave  -2606  grm.  sulphate  of  potash. 

II.  4383  grm.  (6)  dncd  at  132^  C.  gave  *8108  grm.  sul- 
phate of  potash. 

III.  -6261  grm.  {b)  dried  at  lOOPU  and  burnt  withchro- 
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mate  of  leadj  gave  '6064  grm.  carboaio  moid  And  *0662  grm« 

water. 

These  numbers  give  the  following  per-centage  quantities 

I.  II.  III. 

Cai1x>ti  .   •  26'46 

Hydrogen  •  1-18 

Potash  •   •   25*74  85*92 

corresponding  with  the  formula 

Ci6H3N3  0,g+2KO, 

as  may  be  seen  hj  oomparing  the  tbeoietwal  and  ezpeiimental 
numbers. 

Theory.  Bamerimeat. 

Mceo* 


Carbon  .  16  96  26*45  26-46 
Hydfogen  3        3         -83  1*16 

Nitrogen.  3  42  11-57 
Oxygen  •  16  128  35-26 
Fotaah   ,   2     _94      25-89  25-83 

363  100*00 

I  was  not  successful  in  preparing  a  nitioooccusate  of  potash 
with  one  equivalent  of  fixed  oase  ;  the  method  1  adopted  was 
saturating  a  given  weight  of  acid  with  carbonate  of  potash^ 
and  then  adding  the  same  amount  of  acid  to  the  bibasic  pot- 
ash 9n]t ;  on  washing  with  aether  the  greater  part  of  the  ex- 
cess ot  acid  was  removed,  leaving  the  bibasic  salt  behind. 

N'ffrococcusate  of  Ammonia, — ^This  salt  wn??  prepared  by 
passuig  an  excess  of  dry  ammoniacal  gas  through  an  a:therial 
solution  of  the  acid  dried  in  the  atmosphere;  the  solution  be- 
came turbid^  and  by  islanding  for  a  short  time  deposited  the 
salt  in  dusters  of  needles  adhering  firmly  to  the  sides  of  the 
▼essel  i  these  were  iemoTed»  washed  wilh  mtlier^  and  dried  on 
bibulous  paperi  It  is  volatile»  and  sublimes  on  being  heated, 
most  probably  with  decomposition. 

I.  *6011  |;nn.  of  the  salt  dried  in  vaem  was  dissolved  in  a 
small  quantity  of  boiling  water  and  decomposed  by  strong 
hydrochloric  acid,  which  immediately  separated  the  acid  in 
crystals ;  the  mixture  was  dried  in  a  water-bath,  and  the  ni- 
trococcusic  aeid  reniovrd  by  a?tlier,  a  little  bichloride  of  pla- 
tinum and  alcohol  briiiLi  added  to  the  nstherial  washings  to 
preci[)itate  a  Irare  of  chloride  of  ammonium.  The  residuCi 
precipitated  us  a unnouio- chloride  of  pkuuumi  gave  *820B 
grm.  of  the  double  chloride. 

II.  '6126  grm.  dried  in  vacuo  and  burnt  with  oxide  of  cop- 
per, the  nurture  beinff  made  in  tiie  o<nnbastioii4Bbej  gave 
*6685gnn*  oarbmio  and  and  *2191  gnn.  wata» 
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These  numbers  correspond  with  the  following  per-centage 
quantities 

J.  11. 

Carbon   89*05 

Hydrogen    «   •   •   «   •     ...  9*97 
Oxide  of  ammomum  •  •  15*91 

agredng  dosaly  with  fhe  following  fermnla, 

C,6H3N3  0,6,2NH4  0+HO,  ^ 

as  nuty  be  seen  by  a  comparison  o(  the  theoretical  and  ezpe- 
limantal  numbers. 

I        *  >  Experiment. 

Carbcm    .  16        86  29*09  29-05 

Hydrogen  12        18  3-G4  3*97 

Nitro^ren.    5         70  21-21 

Oxygeu  .  19       152  4(?i)G 


Or 


J^U  100-UO 


Theory.  EzpeiiiiM&t. 

I  >  1 It 


Acid  1  869 

Water  .....  1  9 

Oxide  of  ammomum  2    ^      15*76  15*91 

Nitrococcusate  of  Baryta  was  prepared  by  adding  an  excess 
of  R  folntion  ofbnrvtri  to  nn  nq!irous  solution  of  nitrororcTisic 
nrld,  a  stream  oi"  carbonic  acid  gas  being  passed  tliroiiuh  the 
solution  to  separate  the  excess  of  barytR.  The  solutiuu  was 
warmed,  filtered  and  evaporated  in  a  water-bath,  and  again 
filtered  from  a  small  quantity  of  carbonate  of  baryta.  The 
evaporation  being  continued  until  a  pellicle  formed  on  the 
surface^  the  solution  on  cooling  deposited  this  aait  in  minute 
veUow  matala.  It  is  insoluble  in  alcohol^  which  precipitatea 
itin  thel  Form  of  a  jelly  firom  the  aqueous  aolutioOt 

I.  -6750  grm.  of  substanoe  dried  at  100^  C.  and  decom- 
posed by  aulphuiic  add,  gave  *d608  grm.  of  sulphate  of 
oaryta. 

II.  •6439  grm.  of  nitrococcusate  of  baryta  dried  at  lOO*' 
C.  and  btn-nt  with  chromntc  of  lead,  gave  *6185  grm.  of  car* 
bonic  acid  and  '0800  grm.  of  ^vater. 

These  numbers  correspond  to  the  following  per-centage 
quantities:-^ 

I.  II. 
Carbon  •  *  •  *  •  81*96 

Hydrogen   1*36 

Baiyto  35*06 
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ftgreemg  with  the  fonniila  C,^  H3  N3  O^^  +  SBaO  +  2UO«  as 
may  be  seen  from  the  following  table: — 

Tbeory.  ExperimeBt 

Carbon   .  16  96*00  21-80  21*96 

Hydrogen  5  5*00  I'U  I'^d 

JNitrogen.  3  42'00  9*54 

Oxygen  .  18  144  00  3271 

Baiyta .  .  2  153-28  34-81          35  06 

440-28  lOOOd 

Nitrococcusaie  of  Silver. — I  attempted  to  make  this  salt  by 
boiling  oxide  of  silver  with  an  aqtieous  solution  of  nitrocac- 
cusic  acid,  but  there  was  an  evident  decomposition  of  the 
acid,  a  large  quantity  of  carbonic  acid  being  evolved ;  al^^r 
wanning  the  filtered  liquor  a  brown  deposit  was  tbrined.  On 
filtering  off  this  brown  deposit  a  silver  salt  was  obtained  by 
evaporation^  w  hich  yielded  on  analysis — 

Carbon  ....  23-64 
Hydrogen  ...  1-26 
Oxide  of  silver  .    .  38*10 

per-ccntage  numbers  not  reconcilable  with  thoae  ol  mtro- 
coccusate  of  silver. 

On  dec  ()m|)osing  a  hot  solution  of  this  salt  with  hydro- 
chloric acid  a  new  acid  was  obtained,  perfectly  (li^jtiuct  from 
nitrococcusic  acid ;  it  crystallized  in  long  needles  ^  very  in- 
eoluble  in  water,  but  soluble  in  aether  and  akohoL  I  rdGnin 
from  giving  any  further  account  of  this  add  until  the  study 
is  completed* 

In  order  to  avoid  decomposition  the  nitrococcusate  of  silver 
was  prepared  without  the  aid  of  heat,  by  dissolving  carbonate 
of  silver  in  a  cold  aqueous  solution  of  nitrococcusic  acid  and 

evaporating  the  filtered  solution  in  vacito  over  sulphuric  acid. 
The  salt  crystallized  in  \o-n^  bulky  needle-hke  crystals  of  a 
yellow  colour ;  w  hen  dried  at  X00°  C.  the  powdered  salt  be- 
comes deep  orange. 

It  18  soluble  in  alcohol  and  water,  and  is  highly  explosive 
when  heated ;  in  small  quantities  it  may  be  decomposed  by 
a  progressive  heat  without  any  violent  action ;  but  on  attempt- 
ing to  decompose  a  quantity  amounting  to  *45  grm,  in  a 
porcebun  crucible,  heated  in  an  air-bath>  the  salt  exploded 
with  great  violence,  shattering  the  copper  air-bath  and  driving 
fragments  of  the  crucible  through  the  copper ;  the  tempera- 
ture was  noted  just  before  the  explosion,  the  thermometer 
standing  at  200°  Ct|  the  silver  was  therefore  determined  as 
chloride. 
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I.  *4696griiuof  tiibtlaiice(a)dfM«t  lOO^C^aaddeo^ 
poted  1^  nitiio  idd  and  tliA  nlw  precipttatod  bj  the  addi- 
tion of  hydroehUnie  aeid»  gave  '2615  grm.  oliloride  of  tilfer. 

IL  *5065  grm.  of  substance  {b)  dried  at  100^  G.  gave 
*2892  grm.  chloride  of  ailver. 

III.  '8184  grm.  of  mibBtance  (0)  cL  ied  at  lOCf  C.  and 
bttmt  with  oxide  of  copper^  gave  '5700  gnn.  cariionic 
and  'Ort54  grm.  water. 

Comspondiog  to  the  following  per-centage  quantities  1 

L  11.  III. 

Carbon     .    •    .    .    .  18-99 
Hydro|;en     .    •    •    •      ...  ... 

Oxide  of  silver  .    .    .    46-03  46 '9  7 

and  agrering  closely  with  the  following  formula, 

C,«HsN«0,e-h2AgO, 

as  may  be  seen  by  the  following  table 


Theory. 

ExDerimeut. 
M0ID. 

18-99 

Carbon  «   •  • 

16 

96 

19-162 

Hydrogen  •  • 
Nitrogen    •  . 

S 

3 

•599 

•76 

3 

42 

8-383 

Oxygen  .    .  . 

16 

128 

25-549 

Oxide  of  silver , 

8 

232 
601 

46-307 
lOOOOO 

46-00 

NUrocoeamie  of  Coj^^, — ^This  was  made  by  dissolving 
carbonate  of  copper  in  nitroooccnsic  add  and  depomted  on 
evaporation  in       apple-green  needles.  I  made  no  analysis 

of  this  salt. 

The  following  is  a  synoptical  table  of  the  analyses  of  nitro* 
coccuric  acid  and  its  compounds:— 

Hydrate  of  nitroooccaric  acid  •  CigHaN^Oi^+SHO. 

Nitroooocusate  of  potesh 
Nitrococcusate  of  ammonia  •  • 

Nitrococcusate  of  bai-yta  •  •  •  • 
Nitrocoocosate  of  silver 


•  •  • 

«  •  •  •  *»• 


+  2KO. 

+  2NH,0  +  Aq. 
+  2BaO  +  2Aq. 
•i-SAgO. 

The  properties  of  nitrococcusic  acid  and  its  salts  exhibit  a 
great  analogy  with  those  of  a  number  of  acids  obtained  by 
the  acdon  nitric  acid  on  oiganic  bvxlics,  more  especially 
nltropicric  and  styphnic  acids,  from  which  it  differs  by  the 
greater  solubility  of  its  suits. 

If  we  assume  with  many  chemists  the  nitrogen  of  these 
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adds  fD  mi  in  the  form  of  hj^onitiie  toU^  tiM  famah  of 
nitmooouiic  add  wiU  ba  wpteieaited  bjr 

This  acid  would  consequently  derive  from  a  iiun-uiUugeiiuus 
acid^  having  the  composition  expressed  by  the  formula 

C,eHe04,2HO. 

When  I  first  began  this  investigation  I  imagined  that  a 

similar  relation  might  exist  between  nitrococcusic  acid  and 
carnuinc  acid ;  the  analysis  of  these  acids,  however,  as  well 
as  the  simultaneous  production  of  a  Inr^e  quantity  of  oxalic 
acid  in  its  oxidation,  showed  that  this  view  was  erroneous, 
and  that  nitrucoccusic  acid  \\  us  do  i\  ctl  from  carraiaic  acid  in 
a  more  complex  manner.  Some  alteiujjts  were  made  to  pro- 
duce the  uou-nLtix)genous  acid,  the  coccusic  acid,  but  uu&uc- 
cessfully. 

The  dparimenta  of  MM.  Cahoun  and  Laurent  on  flie 
oxidation  of  the  oila  of  aniae  and  of  tarragon  (Okum  draem-^ 
cull)  have  made  ua  aoquainted  with  aniaic  adiit  the  eompoai- 
tion  of  which  is  C^^  Hg  Og.  The  formula  agrees  with  the 
composition  of  the  hypothetical  hydrated  coocusic  acid. 

Anisic  add)  however,  as  well  as  nitranisic  acid,  being  mono- 
haaiCy  it  was  not  probable  that  tlie  further  introduction  of  the 
elements  of  hyponitric  acid  would  convert  it  into  a  hi  basic 
one ;  nevertheless  it  was  my  intention  to  hn'\  r  stTidicd  the 
iurther  action  of  nitric  acid  on  the  acids  mt  ntioiicd.  in  order 
tu  obtain  il  possible  trinitroanisic  acid,  and  to  compare  this 
substance  with  the  acid  obtained  from  carminic  acid,  when  an 
account  of  some  new  ex  p*.  rim  mts  of  M.  Cahonrs  came  under 
my  notice,  of  the  action  ot  a  mixture  of  concentrated  teulpluiric 
and  nitric  acids  on  anisic  acid,  by  which  he  has  succeeded  in 

Ereparing  trinitroaniaic  acid.  The  eiperimeota  of  M.  Ca« 
oura  have  not  yet  been  pubUabad  in  defeat]*  and  from  his 
abort  account  it  was  not  poeaiUe  to  dacub  on  the  Mtotity  or 
non>identity  of  nitrococcuac  and  trinitroaniaie  aeida.  A  small 
Bpecimen  Si  anisic  acid  at  my  diafioial  waa  treated  in  the 
manner  doaorthed  by  him ;  afler  acting  for  some  time  water 
threw  down  an  acid^  from  Uie  inaoUibililiy  of  wbiob  I  oonobuh 
that  these  adda  m  only  isomeric* 

IwiMgaiim  ^  the  Mother-liquor  from  whidi  the  Cammk 

Add  had  hem  tq^aUd^ 

On  evaporating  the  mother-liquors  of  eaiminle  add  and 
separating  Uie  lead  held  in  solution  by  means  of  hydniaU 


...... ^le 
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pbofk  Mid*  tiuy  til  gm  Hie  fbUoiring  Mwltet  iaqoirfiig 
u  •jrupy  cootiilaMMy  n  wbtto  dialky-like  mttor  nmididi 

this  was  separated  by  filtration,  and  ]3roved  tu  be  a  mm  cry- 
stalline booy.  The  liquor  filtered  off  from  this  substance 
deposited  a  small  quantity  more  on  further  conoentration,  and 
could  only  be  dried  to  a  soft  tenacious  mass,  partly  soluble  in 
alcohol,  tlie  rest  being  soluble  in  water.  From  three  pounds 
of  cochinrnl  6ve  ounces  of  this  poft  matter  were  nhtnined, 
showinij^  that  the  precipitation  by  a  lead  salt  had  ctlected  the 
separation  of  caniiinio  acid  from  a  large  quantity  of  foreign 
matters.  Thig  gt  laUnous  matter  njjpears  to  be  oi*  a  complex 
character,  bur  1  have  not  yet  i  Kiimined  it  fully. 

To  punfy  the  chalky-like  mailer,  iL  was  well-washed  with 
eold  water  and  crystallized  twice  by  solution  in  boUiog  water 
and  evapmtioni  it  was  than  dbsolvad  fay  boUing  it  in  a  iual 
safflciaot  qnanttly  of  water ;  animal  aharaaal  was  now  adon4| 
and  tlie  anallition  aonftinued  te  a  Inw  minittes  i  the  folntioii 
filtered  whilst  hot  deposited  an  cooling  a  mass  of  sillrr  cyjw 
stalline  tufts,  oomplctel^  filKng  the  liquid,  and  vhan  eouected 
and  dried  they  aggregated  into  papar-like  masses  of  a  aiUigr 
aspect.  I  obtained  in  three  eacpenmenta  4  parte  of  tlie  naw 
body  from  1000  td  cochineaL 

I.  "4918  grm.  of  substance,  preparation  (a),  dried  ^  nacm 
and  burnt  with  oxide  of  copt»er>  gafo  l*070ft  gmi»  oarbenlo 
acid  and  0'2838  grm.  water. 

II.  *56BO  grm.  of  substance  (b)  gave  1*9416  grm.  earbonie 
acid  and  *3160  grm.  water. 

III.  '4700  grm.  of  substance  (6)  gave  I'OSIO  grm*  car- 
bonic acid  and  *2660  grm.  water. 

For  the  latter  analysis  I  am  indabted  to  the  kiodnais  of 

Mr.  NichoUon. 

A  qualitative  examination  having  pointed  out  the  presence 
of  nitrogen^  it  was  determiued  by  Varreatrapp  and  Will^a 

jjiethod. 

IV.  'j04^»  f^rm,  of  substance  [a)  dried  f??  vacuo  and  burnt 

with  soda-kuiej  gav«  '(jI;)!  grm»  ammoiuo-^chiorida  of  pW* 

tinunu 

V.  '507^  grm.  of  substance  (6)  gave  '623S^  grm*  ammonio* 

chloride  of  platinum. 

From  these  numbers  the  following  per^centages  are  calcu- 
lated ; — 

I.  11.  III.        IV.  V. 

Carbon  .  69-36  5B'62  S9-25 
Hjrdrogen     Ml        6*18  0*99 

Nitrogen  •  7-62  in 
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Thme  peivceiitegw,  tnmdated  into  Uie  moit  rimpk  ezjm* 
sion,  lead  to  the  formiil%     Hfi  NOf  In  may  be  aetii  from 


Carbon  . 
Hydrogen 
Nitrogen 
O^^gen  * 


Til  con'. 

ExperimMii. 

 •  » 

Mean, 

.    .  18 

108 

59-668 

59-41 

.    .  11 

11 

6-077 

6-29 

.    .  1 

14 

7-735 

7-66 

•   .  6 

48 

26-520 

181 

100-000 

Careftil  and  repeated  cxammations  for  sulphur  proved  the 
absence  of  this  eleniciit  asi  a  component  of  the  new  white  sub- 
stance. I  have  been  unsble  to  produce  a  compound  to  con- 
tral  the  proposed  fomula,  though  several  methods  wm 
adopted ;  amongst  othersy  I  attempted  to  form  a  lead  com> 
pound  by  adding  aoetete  of  lead  to  an  ammouaosl  eolation  of 
the  substance;  1  obtained  merely  a  bulky  piedpitata^  OOD^ 
sisting  of  little  else  than  oxide  of  lead. 

This  substance  is  sparin^y  soluble  in  cold  water,  mnA 
more  so  in  boiling  water ;  insoluble  in  alcohol  and  aether; 
sohiblc  in  hydrochloric  acid,  whicli  appears  to  be  driven  off 
by  evaporation,  leavinfr  the  siib'^tance  in  large  crystnls.  In  a 
large  quantity  of  nitric  acid  it  disssolvcs  with  a  slight  evolu- 
tion of  gas;  the  solution  evaporated  spontaneously  furnislies 
lonp:  crystals,  which  are  in  all  probability  a  new  acid ;  if  dis- 
solved in  a  small  quantity  of  nitric  acid,  the  mixture  becomes 
spoutaiicously  heated,  violent  action  takes  place,  and  the  pro- 
duct is  lost ;  frequency  the  substance  becomes  blackened  into 
charred  masses.  It  is  soluble  in  ammonia^  from  wbidi  it  is 
again  recovered  by  the  evaporation  of  the  ammonia.  It  is 
soluble  in  the  fixed  alkalies,  and  is  precipitated  from  these 
solutions  by  saturating  with  an  acid. 

In  a  short  paper,  entitled  "Valerianic  Add  and  a  new 
body  from  Casein/'  Baron  Liebig*  describes  a  new  substance 
obtained  by  fusing  casein  with  hydrate  of  potash  imtil  an 
evolution  of  hydrogen  takes  place  along  with  ammonia.  On 
saturating  with  acetic  acid  the  aqueous  solution  of  the  fused 
mass  an  aggregate  of  fine  needles  was  produced,  which  were 
purified  by  repeated  solution  in  carbonate  of  potash  and  re- 
precipitation  by  acetic  acid.  A  preliminary  analysis  leil  lu 
the  formula  C„;  Ilj,  NC)^,  dilTering  from  the  result  I  obtiuued 
in  the  analysis  of  the  w  hite  substance  from  cochineal  by  two 
carbon,  two  hydrogen,  and  one  oxygen.  The  propertiea  of 
the  two  bodiea  being  however  so  anfuogons^  it  is  extvemdy 
probable  that  they  are  identicsl,  a  piesamption  I  am  sup- 

•  Licb%*ft  Jhmaltih  vel.  Irii.  p.  187. 
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ported  in  by  a  comparison  of  a  specimen  kindly  furnished  me 
oy  Dr.  Hofmann  * ;  further  investigations  iviil  dear  up  this 

£oint :  in  the  meantime  I  refrain  from  proposing  a  name>  as 
riebigt  has  Jately  proposed  the  name  Tyrosine  fur  the  sub- 
stance prepared  from  casein.  As  the  latter  body  arises  evi- 
dently from  a  process  of  oxidation,  and  as  I  had  obtained  the 
first  crop  of  crystals  from  a  liquid  from  which  the  colourinj^ 
matter  had  been  precipitated  by  the  basic  nitrate  of  lead,  I 
thought  that  this  body  inio-ht  owe  its  formation  to  the  action 
of  the  nitric  acid  liberated  by  the  sulphurettt  tl  liydrogen  ;  but 
this  supposition  proved  to  be  erroneous,  Un-  in  later  experi- 
ments in  which  acetate  of  lead  had  been  used,  the  same  body, 
and  in  exactly  the  same  quantity^  was  obtained.  From  this 
we  may  assume  that  this  substance  is  contained  ready-formed 
in  the  cochineal  insect. 

My  engagements  for  the  present  preventing  me  from  con- 
tinuing these  researches,  I  must  defer  for  a  future  period  their 
completion^  but  hope  to  be  enabled  to  communicate  to  the 
Society  a  second  paper.  In  conclusion  T  may  be  allowed  to 
express  my  thfinks  to  my  friend  Dr.  Hofmann  for  his  valuable 
instruction  in  the  methods  of  organic  research,  and  his  idnd 
advice  during  the  progress  of  this  investigation. 


,  LXXIII.  On  the  Exish  nee  of  Ctyslals  wit/i  different  primiiive 
forms  ami  j>/ii/s!cal  pi  operties  in  the  Cavities  of  Minerals  ; 
with  additional  Observations  on  the  Nexv  I-iuids  in  which 
they  occur.    By  Sir  David  Brewster,  ILH,^  LL.D,^ 
F.RJS^  and  FJP^RJS.  Edin,X 

CWith  8  Plate.] 

IN  1823  and  1826  I  communicated  to  the  Society  two 
papers  on  the  nature  and  properties  of  two  immiscible 
fluids,  which  I  discovered,  in  contact  with  each  other,  in  the 
cavities  of  topaz  and  other  minerals  §.  Although  the  &cts 
contained  in  these  papers  were  of  so  extraordinary  a  nature 
as  to  be  received  with  scepticism  by  some,  and  with  ridicule 
by  others,  yet  I  am  not  aware  that,  during  die  twenty  years 
which  have  elapsed  since  their  publication,  any  person  has 
either  repented  my  observations,  or  advanced  a  single  step  in 
the  same  path  of  inquiry.  In  sho\vin<r  to  strangers  some  of 
the  leading  pha^^noniena  of  the  two  new  fluids,  my  attt  ntion 
has  been  fre(jutnily  recalled  to  the  subject ;  but  it  was  not  till 

•  This       iiiu'n  had  been  prepared  by  Baron  Liebig  himself.— A.W.H. 
f  Rescarclit'S  on  the  Chemistry  of  Food,  p.  IC. 

t  Rnd  before  the  Roynl  Society  of  Edinburgh  im  the  17th  of  Pebrusiy 
1845,  and  published  in  their  Transactions,  vol.  xvi,  part  1.  p.  11. 

&  Edinburgh  Transactions,  vol.  x.  p.  1  and  407. 
Phil.  Mag,  S.  3.  No.211.  SuppL  Vol.  31.  2  K 
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last  spring,  when  I  discovered  cavittei  in  topaz  filled  with  tb« 

most  beautiful  crystals  of  various  form,  that  I  was  induced  to 
undertake  a  new  investigation  of  their  nattire  and  properties. 
In  tills  investigation  I  have  examined*  wiiii  various  mn^nifying 
powers,  and  botli  in  common  nnd  polarizetl  liL'ht,  nioie  u»aa 
900  specimens  of  topaz  from  Scotland,  New  Holland,  and  the 
Brazils;  and  1  have  liad  the  (rood  lortune  to  observe  many 
new  phajnomena  connected  wah  mineralogy',  chemistry,  and 
physics*  which,  in  addition  to  the  intereit  which  they  may 
possess  as  scientific  facts,  promise  to  throw  a  strong  light  upon 
the  existing  theories  of  crystalliaation*  and  to  bring  befora  us 
some  of  those  recondite  operatbns  which  had  beoi  going  on 
in  the  primitive  rocks  of  our  gtobe»  before  the  commenoemant 
of  fcgetable  or  animal  life* 

1.  On  the  Form  and  Position  of  the  Strata  in  'which  the  Cavities 

lie* 

The  cavities  which  contain  the  two  iiew  duids,  and  their 
accoujpuiiyiiig  crystals,  someiimcs  occur  iiingle,  and  in  groups 
more  or  less  numerous ;  but,  in  general,  they  exist  in  millions, 
occupying  extensive  strata,  which  afiect  the  transparency  of 
the  mmeral,  and  render  it  unfit  for  the  use  of  the  jeweller,  or 
even  for  the  cabinet  of  the  collector,  who  has  not  learned  that 
it  is  in  the  deviations  from  her  ordinary  laws  that  Nature  often 
discloses  her  deepest  mysteries. 

Although  the  strata  of  cavities  sometimes  occur,  as  in  arti- 
ficial salts,  in  planes  parnllel  to  (he  primary  or  secondary 
forms  of  the  crystal,  yet  they  occupy  every  poss!l>le  posift'on  in 
reference  to  tlu  '^c  ]ilanes;  and  we  therefore  caniK)i  account 
for  them  by  supposing  that  certain  sjiaces  have  been  left  in 
the  crystal,  witliout  the  j)rimitive  molecules  which  ought  to 
have  been  there  deposilecl.  The  strata  of  cavities,  too,  iiave 
every  possible  curvature.  From  a  ulane  surface  they  pass 
into  a  curved  one,  sometimes  of  variable  curvature,  and  some- 
times of  contrary  flexure,  cutting  and  intersecting  each  other 
in  the  most  capricious  manner. 

In  the  shape  of  the  strata  the  same  irregularity  presents 
itself;  their  outline  is  sometimes  rectilineal,  sometimes  curved, 
and  sometimes  singularly  irregular.  In  some  specimens  the 
whole  crystal  is  intersected  with  the  strata;  and  it  is  extremely 
probabie,  though  it  is  impossible  to  determine  the  fact,  that  in 
every  specimen  some  edge  or  angle  of  the  stratum  touches  the 
surface. 

The  succession  of  the  cavities  in  composing  the  strntnm, 
and  their  form  in  relation  to  the  character  of  the  suaium, 
present  interesting  phosuomena.    I  have  found  spedmeu^  iu 
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which  the  cavities  lie  in  concentric  arches,  and  have  their  sides 
concentrioy  and,  as  it  were,  a  portion  of  the  ^me  arches,  as  if 
they  had  been  fomicU  nnckr  the  inflaeoca  of  a  rotatory  force* 
In  other  oaMt  tboy  occupy  pamllal  ]uie%  and  nre  eometimee 
ao  aqaidiatani  that  they  nii^ht  bo  advantajMUsly  uaed  aa  mi- 
onMnetan  for  mieroecopaa.  In  ona  ramarKable  spedman  thay 
ladiale  from  «  centra^  each  radiation  having  a  eharactar  of  Iti 
own.  One  radiation  will  eomatiafiae  throw  off  a  diverging 
bffaneh,  while  two  or  more  radiations  will  oonverge  and  then 
diverge  agaiot  anbaeqnantly  uniting  thraaalvaa  into  a  aingla 
radiation. 

Whan  ditibrant  strata  of  aavitica  lie  parallel  to  each  other 

in  the  specimen,  which  thev  aonatitnes  do,  to  the  number  of 
four  ov  five,  each  stratum  has  generally  a  distinct  character; 

flat  and  exceedingly  thin  cavities  occupying  one  stratum,  very 
deep  cavities  occiipyiru_^  another,  minute  cavities  wliich  tlie 
highest  maginiynig  powers  can  scarcely  resolve  occiipyinir  a 

third,  while  a  fourth  coQsiftts  oi  the  moit  irreguhir  and  uuie« 
scribnble  ibrms. 

W  lien  the  lorms  of  individual  cavities  are  related  to  tliat  of 
the  stratum  which  contains  them,  they,  of  course,  cut  at  all 
angles  the  primary  and  secondary  planes  of  crystallization  i 
and  tiic  same  is  true  of  insulated  cavities  of  great  length,  which 
are  sometimes  tunu  il,  anil  twisted,  aiul  beat  ia  the  luobL  ca- 
pricious manner,  h  it,  impossible  to  read  these  details,  and 
atiil  more  to  to  study  the  pheenomena  themselves,  without 
being  drifan  to  the  aoaelusion,  that  the  atrata  of  eavitiai  mutt 
have  been  formed  under  tfaa  infloanee  of  forees  propagated 
through  a  loft  and  plaatia  maMt  andearrying  along  with  tham 
gasea  and  Tayioura  which  cama  to  a  poaition  of  reat  pvavioua 
to  the  regnlar  orystalliaation  of  the  topai.  This  cQOclnBioa^ 
whiah  I  have  b^n  1^  to  draw»  in  another  paper,  from  aaariaa 
of  entirely  diffinrent  facts,  will  be  still  further  confirmed  by 
the  })hsenomena  of  imbelddad  eryitab.  In  whiah  I  ahali  hafu 
tb  lafiMT  in  another  acction* 

2.  AdditUmal  Observations  on  the  Nature  and  Propertiu  i(f 

the  two  New  JFlmds* 

In  re-examining  the  pheenomena  exhibited  by  the  two  ne« 
fluids,  I  have  found  no  occasion  to  modify  or  to  correct  any 

of  the  results  contained  in  my  former  papers.  In  the  cavities 
which  nppear  to  contain  only  one  fluid,  namely,  the  dense 
fluid,  1  have  sometimes  found  a  very  small  (unnuty  of  the 
volatile  fluid,  which,  uitli  a  slight  rise  of  temperature,  passes 
into  vapour,  and  prevents  the  apparent  vacuity  from  disnp- 
pearing  by  the  applieatioa  of  a  strong  lieat«    When  there  is» 
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no  volatile  floid  present  in  8ncb  catHies,  tbe  vacuity  is  a  reel 
one,  and  dlsappeart  entir^y  bv  the  application  ofeachaheaL 
If  the  beat  is  not  instantly  withdrawn  on  the  disaf^ioirance  of 
tbo  vacaityi  tbe  crystal  never  fails  to  barst  with  great  violence. 

In  some  specimens  of  Brnzil  topaz  I  have  found  cavities 
with  two  fluids,  and  without  any  vacnity  in  the  volatile  fluid 
at  the  ordinary  temjierature  of  an  apartment.  In  sucli  cases 
1  have  generally  ]ii  uduced  a  vacuity  by  the  application  of  ice. 
Had  heat  been  applied,  the  crystals  would  have  burst,  as  there  • 
were  no  eu)pty  spaces  into  which  the  fluids  could  expand. 

When  the  cavities  are  flat,  and  liave  their  faces  perpendi- 
cular to  the  axis  of  the  crystal,  or  parallel  to  the  planes  of 
easy  cleavage^  the  application  of  beat  does  not  burst  tbe  cry- 
staly  bnt  produces  a  very  remarkable  pbasnomeoon,  Tbe 
cavity  opens  at  its  weakest  pointy  and  tbe  fluid  passes  by  starts* 
tbrough  a  succession  of  resting  places,  to  anotner  part  of  tbe 
orystu  wbere  it  finds  tbe  readiest  exit.  The  fluid  penetrates* 
as  it  were,  the  solid  gem,  and  the  lamime  which  it  has  forced 
asunder  in  its  passage,  again  close  into  optical  if  not  into  me- 
chanical contact.  If  the  heat  is  withdrawn  when  tbe  first 
minute  drop  has  passed,  the  laminae  unite,  and  we  can 
discharge  the  rest  of  the  fluid  whenever  we  please  till  the 
cavity  is  exhausted.  This  |)li^i.;ionit  iu)]i  is  represented  in 
Plate  III.  fig.  1,  where  ABCl)  is  ;i  sliallow  cavity  in  a  plate 
of  topaz  MN,  and  EF  another  cavity,  wlucii  has  beenemptietl 
of  its  fluid  contents  by  reaching  the  surface  at  N,  where  it  had 
been  broken  through.  Upon  looking  at  the  cavity  A  BCD 
when  slighdy  heated,  I  observed  dark  portions  bf  flu  id  rushing 
from  its  sbarp  termination  at  D  tbrougb  tbe  cavity  at  a,  and 
tben  reappearing  at  h  and  c,  and  then  passing  into  tbe  empty 
cavity  £F.  Tbe  small  lakes,  as  we  may  call  tbem,  at ^ 
and  c,  disappeared  entirely  when  the  discbarged  portiona  of 
fluid  had  passed,  and  rei^peared  with  a  change  of  form  and 
siae  wben  the  operation  was  repeated. 

In  a  specimen  of  topaz  possessed  by  Major  Playfiur,  and 
seen  by  many  individuals,  a  white  ball  passed  from  one  cavity 
to  the  edge  of  the  specimen,  as  if  j)rojected  from  a  mortar ; 
but  by  the  application  of  too  strong  a  beat  it  was  shattered  in 
pieces. 

In  my  first  paper  of  1828*,  I  have  described  and  figured 
a  phaenonienon  ot  an  analogous  kind;  but  as  it  appeared  un- 
expectedly, and  was  instantly  followed  by  the  exjjlosion  of  the 
crystal,  I  could  neither  observe  it  accurately,  nor  confirm  what 
I  did  observe,  by  a  repetition  of  tbe  experiment  I  have, 
tbeiefore,  some  satisfaction  in  describing  a  similar  pbsenc^ 
*  Bdinbttigb  Truiiactkm^  voK  x.  p.  11,  plate  1.  fig.  5,  e. 
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mcnon,  seen  frequently,  and  under  more  favourable  circum- 
stances, not  (inly  trom  its  iiuiinsic  interest,  but  because  a 
distinguished  plulosopher  had  u  catcd  wiih  an  air  ot"  incredu- 
lity an  observation  which  I  had  made  of  a  similar  kind. 
There  can  be  no  higher  testimony  to  the  novelty  and  import- 
miee  of  a  tdeoti&s  fact,  than  wlieQ  a  competent  judge  raises  it 
to  the  aopernatural. 

,  I  come  now  to  describe  a  property  of  the  dense  flaid»  so 
new  aiid  remarkable  that  it  cannot  fail  to  excite  the  attention 
of  chemists.  This  fluid  occupies  the  whole  of  a  lai^  cavity 
ABCD£»  fig.  %  with  the  exception  of  a  bubble  at  A,  which 
must  be  either  a  vacuum,  as  it  is  in  all  cavities  containing  only 
this  fluid,  or  a  bubble  of  the  expansible  fluid,  or  the  vapour 
of  the  dense  fluid»  or  some  gaseous  body.  It  cannot  be  a 
vacunm*  because  it  expands  with  heat,  in  place  of  being  filled 
up  by  the  expansion  of  the  fluid.  It  cannot  be  the  expansible 
fluid,  because  cold  would  contract  it,  and  produce  a  vacuity. 
It  cannot  be  tlie  vnpoiiT  of  t!ie  ex])ansible  fluid,  because  tficre 
is  no  cNjumsible  tiuui  to  tiirow  it  oil',  niid  it  has  not  tfie  optical 
properties  of  its  vapour.  It  cnimot  \)v.  liie  vapour  ot  the  lluid 
in  the  cavity,  for  it  does  not  disappear  by  the  .ipplication  of 
cold,  and  does  not  become  a  vacuity,  which  lilU  up  by  the 
expaiksioii  uf  the  fluid.  It  is  thc  i  L  lore  an  iudependeut  gas^ 
which  exhibits  the  following  phaiioinena. 

W  iieii  heat  is  applied,  llie  bubble  A  expantls,  not  by  tlie 
degradation  of  its  circular  margin  passing  into  vapour,  as  in 
the  vapour  cavities  described  in  a  former  paper,  but  by  the 
mpid  enluim  ment  of  its  area.  When  it  attains  a  certain  size^ 
it  throws  off  a  secondary  bubble  B|  which  passes  over  a  sort 
of  ridge  or  weir  stfio^  In  the  bottom  of  the  cavity,  and  settles 
at  B»  If  the  heat  is  continued)  these  two  bubbles  increase  in 
sice;  but  it  was  instantly  withdrawn  when  B  had  begun  to 
swell.  As  the  topaz  began  to  cool,  both  the  bubbles  A  and 
B  quickly  contracted.  The  primary  bubble  A  returned  gra- 
dually to  its  original  conditioii»  and  By  when  reduced  to  a 
single  speck,  would  have  disappeared,  had  the  cooling  not 
been  stopped.  This  speck  swelled  again  by  the  application  of 
heat,  and  so  did  the  bubble  A.  When  the  speck  at  B  was 
allowed  to  vanish,  which  it  did  on  the  «;pot  which  the  bubble 
occupied,  the  fresh  application  of  heat  did  nor  revive  it  at  that 
spot,  bnt  merely  expanded  the  primary  bubble  A,  which 
again  thiew  off  a  secondnry  bubble  B,  which  exhibited  by 
heat  and  cold  the  same  pluenomena  as  before.  These  ex- 
periments 1  repeated  many  limea  wiili  the  same  result.  It  will 
naturally  be  asked,  whut  was  the  coiidilton  of  the  fhiul  itself 
which  has  the  properly  of  expanding  by  iical;  and  what  be- 
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came  of  it  wliile  a  part  of  the  space  which  it  occupied  was 
appro])riaie(l  by  the  bubble  B,  and  the  addition  to  the  bubMe 
A  ?  An  accidental  circumstance  enaUet  dm  to  entwer  tfaii 
queition,  which  would  have  been  otherwise  a  very  perplexing 
one.  Having  applied  too  ilrong  a  heat  to  the  fpectmeo,  the 
bnbble  A  threw  off  beside  B  two  or  three  smaller  ones,  whicb 
moved  along  the  upper  edge  AE.  My  atmition  hewing  been 
thus  directed  to  this  part  of  the  specimen,  I  was  snrprised  to 
observe  a  great  number  of  capillary  lines  or  pipes  PQ,  rising 
from  the  edge  AE  of  the  cavity,  and  into  which  the  fluid  vvns 
forcing  itself,  oscillating  in  these  miimte  tubes  ltl<e  the  tnercui  y 
in  a  barometer,  and  sometimes  splitlni*^  tiie  laniiiKL"  iK  tween 
them.  The  force  of  cohesion,  thus  overcome  by  tlic  expan- 
sive efforts  ol  the  fluid,  predominated  over  the  capillary  attrac- 
tion of  the  tubes  and  surfaces,  nnd  pressed  back  all  the  fluid 
into  the  cavity^  when  the  body  ui  iluid  Imd  cuntiaclcd  in 
cooling. 

If  we  now  consider  the  body  which  occupies  the  vacni^  A 
as  a  gas,  and,  consequently^  the  other  bubble  B  as  the  same^ 
it  Ibllows  that  the  whole  of  the  gas  in  B  was  absorbed  by  the 
fluid  while  cooling,  and  again  siven  out  by  an  increase  of  tern- 
jierature*  The  gas,  when  in  the  act  of  being  discharged,  took 
Its  course  to  the  locality  of  the  speck  at  B^  and  to  the  bubble 
A ;  but  to  the  bubble  A  alone  when  the  speck  had  disap* 
peered. 

Upon  repeating  these  oliservations  the  cavity  burst :  nnd  I 
have  now  before  me  its  two  halves,  forming  its  upper  and  its 
under  surface.  The  portion  o*  tlie  cavity  at  A  has  tlie  sain<j 
depth  as  the  portion  below  /.i?/  ,  all  die  restof  the  cavity  beiiti: 
much  shallower.  There  was  a  fino  doubly  refracting  cry  i  d 
at  MN,  which  polarised  die  blue  ot  ilie  second  order  j  and  its 
outline  is  still  left  on  the  cavity.  There  was  a  sort  of  crystal* 
line  .powder  disseminated  round  MN  to  a  considerabui  dl* 
stance^  and  the  roof  of  the  bubble  B,  when  the  roof  of  the 
cavity  was  entire^  was  always  mottled  with  this  powder. 

In  a  former  paper,  I  have  distinguished  vapour  cavities 
from  common  cavitiesi  by  the  manner  in  which  the  vacuity  in 
the  expansible  fluid  disnppearsi  In  the  one  caie^  the  vacuity 
gradually  enlarges  by  the  degradation,  as  it  werv^  of  its  mar- 
gin, as  the  fluid  passes  into  vapour;  in  the  other,  the  vacuity 
gradually  diminishes  till  it  disappears.  I  have  since  foni:d 
cavities  of  an  intermediate  character,  in  which  the  vacuilv,  on 
the  fubt  application  of  heat,  diminisiies,  and  then,  when  it  has 
comraeted  to  a  certuitj  size,  it  begins  to  expand;  and  its 
nmrgiu  becoming  thinner  ami  thinner,  it  finally  passes  into 
vapour.  ^  . 
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3,  Ofi  the  Form  and  Position  of  Crystals  in  the  Cavities  qf 

Topaz, 

In  a  fonner  paper  I  have  described  a  moveable  group  of 
crystals  of  rnrboiiate  of  lime,  which  I  discovered  in  a  cavity 
in  quarU  irom  Quebec,  coiuiining  a  fluid  with  tlie  properties 
of  water.  The  crystals  to  which  1  am  about  to  call  attention 
are  of  a  very  diiierent  kind,  and  possess  a  very  dilierent  kind 
ui  iulercst. 

The  ciystals  which  occupy  the  fluid  cavities  of  topaz  are 
either  fixed  or  moveeble.  Some  of  the  fixed  crystals  are  oftsn- 
beautifully  crystalllaed.  They  ha? e  their  axes  of  double  re- 
firaction  coincident  with  those  of  the  orysta],  andf  as  I  have 

ascertained  by  tlie  examination  of  exploded  caTitieSy  they  ac- 
tually form  part  of  the  solid  topaif  though  they  exist  in  the 
fluid  cavity.  One  or  two  of  these  are  shown  in  fi||.  4,  plate 
19,  of  my  paper  of  182G  and  they  may  be  distinguished 
by  their  attachment  to  the  sides  ol'  the  cavity.  In  tlio  -anic 
figure,  as  well  as  in  figs.  10,  I/i,  20,  and  21  of  my  paper  oi 
182St>  I  have  drawn  others  which  I  then  believed  to  be  fixed, 
but  whicl)  I  have  uu  Joubi  are  tnoveiiblei  and  produced  from 
one  or  oilier  of  the  new  fluids. 

In  rMxamiuing  my  specimens  of  topaz^  I  have  been  sur- 
prised at  the  great  number  of  cavities  which  contain  crystals. 
In  some  there  are  only  one;  in  very  many  there  are  two^ 
three,  and  four;  and  in  a  great  number  of  specimens  the 
ca?ity  is  so  crammed  with  theniy  like  a  purse  full  of  money^ 
that  the  eiroular  vacuity  has  not  room  to  take  its  natural  ahape^ 
and  often  can  scarcely  be  recognised»  in  its  brol&eo-down  con* 
dition,  among  the  jostling  crystals. 

The  crystals  of  which  I  am  treating  are  sometimes  found  in 
the  volatile,  and  sometiu.cs  in  the  den^^e  fluid,  but  chiefly  in 
the  latter.  They  are  often  found  in  an  amorphous  state  in  the 
narrow  necks  anil  narrow  extremities  of  cavities,  positions  in 
which  they  reaiuui  fixed  while  they  continue  solid  ;  andsome^ 
times  regularly  formed  crystals  remain  fixed  between  the  pris- 
nalic  9Sfg»  or  eavidesi  in  consequence  of  having  either  fallen 
into  that  position,  or  of  having  been  formed  there* 

The  crystals  in  topax  cavities  ore,  in  general,  beautifully 
cfystallized,  and  have  a  great  variety  of  forms.  I  have  ol^- 
served  the  following:— 

1.  The  tetrahedron. 

S.  Tlie  cube. 

3.  The  cwhe.  tru)K'n!ed  oil  its  edges  and  angles* 
4i  The  riiomboiicdron. 
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5.  The  prism,  with  \Ma  and  pyramidal  sumintUi. 

6.  The  f!ai  octolicch'on,  truncated  on  its  edges  and  angles. 

7.  llhoniboulal  plates. 

8.  Hexagonal  plates. 

9.  I'Ong  rert:yir>;ular  plates. 

Besides  these,  there  are  amorphous  crystals  and  crybtaiiized 
masses  of  various  characters. 

4.  On  the  Physical  Properlin  qfthe  Orystak  in  Topaz  Camtifs* 

Although  it  would  be  desirable  to  submit  these  crystalsy  as 
well  as  the  fluids  which  contain  tbem»  to  chemical  analysis, 
yet  the  task  is  too  difficult  to  be  accomplisiud  \u  the  present 
state  of  chemical  science.  I  must  therefore  limit  my  obser* 
vations  to  such  of  the  physical  properties  of  these  crystals  as 
can  be  rendered  visible  to  the  eve. 

When  I  first  applied  heat  to  the  crystals  under  considera- 
tion, I  employed  a  very  fine  specimen,  with  Inrgc  aiui  nume- 
rous crystallized  cavities,  ofa  prisinatical  I  'i m,  ccjnlaining  both 
the  new  fluids.  In  iln^  bj)ecimen  there  were  seven  cavities 
unlike  all  the  rest,  and  each  of  them  containing  a  single  cry- 
stal, and  ajiparently  but  one  fluid,  namely,  the  dense  one.  The 
cavities  were  exceedingly  flat,  and  irregular  in  their  shape, 
and  very  unlike  one  another.  Upon  applying  the  heat  of  only 
a  lighted  paper  match  beneath  the  plate  of  glass  on  which  the 
specimen  lay,  I  was  surprised  to  see  the  crystals  gradually 
lose  their  angles,  and  then  slowly  melt,  till  not  a  trace  of  them 
was  visible.  In  this  state  one  ol  the  cavities  had  the  appear* 
ance  shown  in  fig.  3,  where  V  was  the  vacuity,  and  r,  t?' other 
two  bubbles,  one  of  which  v  soon  joined  the  principal  one  V. 
In  all  the  other  six  cavities  ihe  crystals  were  speedily  repro- 
duced, always  at  tiie  point  wiiere  iluy  disappeared,  provided 
a  small  speck  remained  unmelted  ;  bul  otherwise  in  dif?ereiit 
parts  of  the  cavity,  lii  the  cavity  AB,  however,  3,  the 
crystal  was  ver^  long  in  afipearing.  In  the  course  of  an  hour, 
however*  a  fasciculus  of  minute  crystals  appeared  In  the  centre 
of  the  vacuity,  as  in  fig.  4,  and  to  them  the  principal  crystal 
attached  Itself,  as  in  fig.  5,  which  exhibits  a  perfect  rhomboidal 
plate,  truncated  on  its  obtuse  angles.  The  elliptical  vacuity 
was  pressed  into  the  shape  of  a  heart ;  and^  by  the  application 
of  ice,  I  succeeded  in  precipitating  tJie  vapour  of  the  expan- 
sible Huid,  which  existed  in  a  very  minute  quantity  in  all  tlie 
.seven  cavities.  The  expansible  fluid  is  shown  between  the  two 
hearl-shapt'd  outlines  in  the  figure,  and  I  repeatedly  threw  it 
into  vapour,  and  reducetl  that  vapour  to  a  fluid  state.  The 
phaenomenon  now  tlescribed,  of  the  melting  of  the  ciystals, 
and  ilicii  ±»ubae(]uent  recrystallizaliuu,  1  have  &huwa  lu  vaiiuus 
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pmoas;  and  il  b  wj  remarlnible  Uiat  they  generally  reap- 
pear in  this  speciman  of  the  aama  form,  tmNigh  with  coosi* 

derable  modifications. 

Upon  applying  beat  to  other  cavities  containing  several 
crystals,  I  obtained  venr  different  results.   Some  of  them 

melted  easily,  others  with  greater  difficulty ;  and  some  were 
not  in  the  slightest  degree  affected  by  the  most  powerful  heat 
I  could  apply.  When  the  crystals  melted  easily,  they  were 
as  quickly  reproduced  ;  sometimes  reappearing  more  perfectly 
formed  than  before,  but  frequendy  running  into  amorphous 
and  granular  crystallizations. 

In  some  speciuiens  of  topaz  all  the  crystals  in  the  cavities 
refuse  to  melt  with  heat,  and  seem  not  to  suiFer  the  slightest 
diange  in  their  form.  Hence  we  are  entitled  to  conclude, 
tliat  Uie  crystals  possessing  such  dirorent  properties  must  be 
different  substances ;  and  this  condnsion  is  amply  confirmed 
by  an  examination  of  their  optical  properties. 

In  making  this  examination,  I  used  a  polarizing  microscope, 
so  constructed  that  the  plane,  passing  through  the  optical  axis 
of  the  topaz,  could  be  readily  placed  either  parallel  or  per* 
pendicular  to  the  plane  of  primitive  polarization.  In  this  case 
the  field  of  the  microscope  is  wholly  obscure,  in  so  far  as  the 
depolarizing  action  of  the  plate  of  topaz  is  concerned  ;  but  if 
there  is  any  crystal  in  the  topaz,  either  imbedded  in  its  mass, 
or  included  in  its  cavities,  that  crystal  will  exhibit  its  doubly 
refracting  structure,  if  it  has  any,  by  its  depolarizing  action. 
It  may,  indeed,  happen, — and  it  does  happen, — that  the  plane 
passing  through  their  optical  axes  coincides,  either  accurately, 
or  so  nearly,  with* that  of  the  topax,  that  its  depolarixmg  action 
Is  a  minimum ;  but  an  experienced  observer  will  have  no  dif- 
ficult in  distbgnishing  this  want  of  depolarixation  by  position, 
from  the  want  of  it  by  structure. 

When  the  specimen  of  topaz  is  rich  in  caviticB  full  of  cry- 
stals, the  display  of  luminous  and  coloured  crystalline  forms  in 
the  dark  field  of  the  microscope,  indicating,  too,  the  impri- 
sonment of  fluids,  and  the  condensation  of  gases  before  vege- 
table or  animal  life  had  visited  our  primaeval  globe,  was  as 
interesting  to  the  imagination  and  the  judgement  as  it  was 
beautiful  to  the  eye.  Having  had  the  privilege  of  being  the 
first  to  see  it,  1  felt  the  full  influence  of  the  signt ;  and  I  have 
again  and  again  contemplated  it  with  renewed  wonder  and 
delight.  When  the  cavities  are  so  numerous  as  to  mock  cal- 
culation, and  so  infinitely  small  as  to  yield  no  visible  outline 
to  the  highest  powers,  the  bright  twuikieof  a  crystalline  atom 
within  them  reveak  to  us  their  nature  as  wdl  as  their  contents. 

In  the  examination  of  the  individual  cryslalsi  umay  interest* 
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log  fiu!t8  present  tbemieWei  to  our  notice.  The  crystali  of 
tho  testular  clMi,  wbicli  aro  modiiicatUmt  of  the  cube,  are 
very  numerous,  and  have  no  action  upon  polarized  light» 
Mnny  of  them  melt  easily,  while  others  refuse  to  yield  to  the 
nclion  of  heat;  and  hence  there  must  be  two  d liferent  sulj- 
stances  in  the  cavities  wliicli  assume  the  same  shape.  In  like 
manner,  some  of  the  doubly  refractmg  crystals  melt  readily, 
others  with  very  great  difficulty,  and  others  not  at  all  ;  so  that 
there  must  be  three  different  substances,  which  belong  to  liie 
claates  of  forms  that  give  double  refraction;  a  conclusion 
which  is  confirmed  by  the  diflfer«Qi  tecondary  forms  whicb  i 
htve  already  anttmerated. 

I  have  seldom  found  any  crystals  in  thesa  caTitias  which 
depolariae  white  light,  or  the  highest  order  of  oolouri.  I  hafa 
found  some  that  depolarize  /our  orders  of  colours ;  and  when 
the  crystal  which  does  this  is  a  flat  hexagonal  plate,  it  is  highly 
interesting  to  see  it  pass  throuc^h  all  the  tints  which  these 
orders  include,  while  slowly  nmltingy  and  again  reproducing 
them  during  its  recrystallizalion. 

In  a  cavity  which  was  so  placed  as  to  be  entirely  black  from 
the  total  reflexion  of  the  li'dit  wiiicli  itli  iipun  it,  I  observed 
three  iv/iite  openings,  a,  I/,  c,  of  a  crystnlinic  Ibrm  (see  bg.  6). 
These  appeared  to  be  fixed  crystals,  or  rather  parts  of  tha 
topaz,  surroiindad  by  a  cavity*  I  found,  howevary  that  the 
hasagonal  one  C  depolarised  white  light,  while  the  rast  had 
no  action  upon  polarized  light.  Upon  applying  heat,  tha 
crystal  e  melted,  and  took  up  a  position  at  c,  fig.  15,  in  a  nar- 
rower part  of  Uie  cavity^  where  it  remains  of  an  irregular 
form,  having  been  repeatedly  melted  and  recrystallized.  Upoo 
turning  the  cavity  into  a  position  where  it  became  transparent, 
I  found  that  there  was  no  fluid  whatever  in  the  cavity  ;  so  that 
we  hnve  here  an  exam[ile  of  n  crystal  melting  and  recrystal- 
iizing  without  hnving  been  dissolved  in  one  of  the  fluids.  From 
the  irreguhir  stale  of  the  laminoc  close  to  this  cavity,  there  is 
every  appearance  uf  the  fluids  having  escaped  iiuai  one  of  its 
extremities. 

In  tha  cduria  of  these  observations!  1  observed  a  phsencK 
menon,  produced  bv  beat,  of  the  most  novel  and  surprising 
kind»  and  one  whicn  1  feel  myself  utterly  unable  to  explain* 

It  pl'ftsented  itself  when  I  was  studying  the  very  interesting 
collection  of  crystals  in  the  cavity  AB,  fig,  8k  This  cavity  ia 
filled  with  the  dense  fluid,  in  which  there  is  a  vacuity  V :  the 
fluid  swells  to  such  a  degree  with  heat  as  to  diminish  very 
perceptibly  the  size  of  thi^  vacuity  ;  and  as  I  can  find  no  trace 
of  any  portion  of  the  volatile  fluid,  I  have  no  doubt  that  this 
vacuity  would  disappear  by  an  increased  degree  uf  lieat.  The 
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fear,  however,  of  bursting  so  rare  and  intcicslinfr  a  cavity, 
has  prevented  me  frotu  uiaking  this  experiniLiU.  The  cavity 
contains  a  great  number  of*  crystals  ofdifF^rent  forms,  not  one 
of  which  melta  with  heat,  mm  almoet  bU  of  which  potsen 
doable  relVaction.  When  I  6m  ittbinitted  this  cavity  to  the 
nticroecopCy  there  werejftviinall  crystals  lying  between  D  and 
the  vacuity  V|  one  n  flat  prism,  another  a  hexagonal  pinte,  a 
tliird  amorphous,  and  a  fourth  and  fifth  two  irregnlar  halvia 
of  a  hexagon.  Upon  the  first  application  of  lieat,  one  or  two 
of  these  crystals  leapt  from  their  resting  place,  and  darted  to 
the  opposite  side  of  the  cavity.  In  a  few  seconds  the  others 
quitted  their  places  one  after  another,  performing  the  most 
rapid  and  extraordinary  rotations.  One  crystal  joined  an- 
otiiL  i  ,  and,  at  last,  four  of  themtlms  united  revolved  with  such 
rn});(]ity  as  cunij^letely  to  ellace  their  respective  shapes.  They 
then  separated  on  the  withdrawal  of  the  lieul,  and  took  the 
position  which  their  gravity  assigned  them.  On  another  oo- 
casion,  a  long  flat  pnsm  perfi^rmed  the  same  rotation  roond 
its  middle  point;  and  I  hafe  repeated  the  experiment  so  ofteUf 
in  showing  ittootliers,  that  the  small  crystals  have  been  driven 
between  the  inclined  edges  of  the  cavity,  from  which  I  cannot 
extricate  them.  I  have  succeeded,  however,  in  conducting  a 
fine  octohedral  crystal,  truncated  on  its  edges  and  angles,  into 
the  nrcna  at  D,  where  I  have  just  seen  it  perform  its  rotation, 
AS  indirnttd  hy  the  concentric  cfrrlo*?  on  the  right-hnnd  o!"  I). 

In  seeking  for  the  cause  of  so  extraordinary  a  phajnomt  non, 
we  are  reminded  ol  the  rotations  of  camphor  and  other  noI  i- 
tile  substances ;  but  in  this  case  no  gas  or  matter  of  any  kind 
could  be  thrown  oil' without  becoming  visible  in  the  fluid.  The 

Ejrro-electricity  of  topaz  next  suggests  itself  as  a  movinff  power  $ 
ttt  though  it  miglit  produoe  attractions  and  repuldons»  we 
cannot  see  how  it  could  turn  a  cffFstal  upon  its  axis.  The 
experiments  of  Libri  and  Fresnel,  x>n  the  repulsions  which 
heated  bodies  exert  upon  each  other  at  sensible  dtstanceSf 
affi>rd  us  as  little  aid.  Hiey  may  enable  us  to  account  for 
the  mere  displacement  of  the  crystals  by  the  application  of 
heal,  or  for  their  sudden  start  from  their  places  of  rest,  but 
t!]ov  (io  not  supply  us  with  a  force  fitted  to  give  and  to  sustain 
a  rapid  rotatory  movement. 

I  have  alrc.ulv  had  occasion  to  state,  that  the  cavities  often 
burst  wltcii  too  much  heat  is  applied  to  the  specimen.  This 
gencmli^  takes  place  by  a  separation  of  the  laminse,  which 
iy  off  in  splinters;  but  when  the  burst  cavity  is  large  and 
insulated,  a  piece  of  the  solid  crystal  is  scooped  out  on  its 
weakest  side.  Sometimes  a  great  number  of  cavities  explode 
at  the  same  tinoi  and  when  they  are  imalli  or  exist  in  a  part 
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pf  the  cfyaud  whei^  thm  are  no  larM  ones,  the  explonve 
force  is  not  strong  enough  to  separate  me  lamuue.  The  fluid 
is  merely  driven  between  the  laminae  to  a  small  distance  aroaod 
the  cavity,  and  shows  itself  as  a  dark  brown  powdeiy  niatter» 

encircling  the  cavity  ns  the  burr  of  a  comet  does  Its  nuclease 
When  the  cohesion  of  the  laminsB  is  great,  it  resists  the  ex* 
plosive  force  over  a  large  cavity,  and  the  contents  of  the  cavity 

are  thrown  to  n  considerable  distance  around  it,  and  remains 
between  t!ie  lamina?,  either  as  a  sort  of  p{)W{ler,  or  as  a  con- 
geries ot  minute  crystals,  which  are  souk  limes  lar^e  enon^rh 
to  show  their  depolarizing  action.  Wiien  tlie  lamina*  -sepa- 
rate, we  find  this  crystalline  matter  either  fluid  or  iiHiurated  ; 
cxhibidng,  when  fluid,  the  extraui  dinary  properties  described 
in  my  former  papers,  if  we  breathe  upon  the  indurated 
matter  it  becomes  fluid,  reciystallizes  in  new  spicule  and  cry- 
stals ;  and,  on  several  oecasionsy  I  have  Ibuna  fine  exampfos 
of  circidar  crystallization. 

After  the  explosion  of  cavities  containing  only  the  dense 
fluidy  I  have  been  surprised  to  find,  and  that  in  large  cavities* 
that  no  trace  of  matter  was  left  upon  the  sides  of  the  cavity  or 
around  it.  Whether  this  arose,  as  the  fact  seems  to  iodicatet 
from  the  dense  fluid  being  a  condensed  gas,  or  from  some 
other  cause,  it  will  require  new  experiments  to  determine. 

In  a  very  remarkable  specimen,  in  v\  liich  the  cleavage  plane 
passed  through  a  great  number  oflarge  liat  cavities,  the  brown 
matter  has  been  lodged  near  lu  the  edges  of  each  cavity,  and 
niark^  them  out  even  to  the  unassisted  eye.  These  cavities 
were  lilied  almost  solely  wiUi  the  volatile  fluitl ;  and  since  the 
faces  of  the  cavities  are  corroded  as  if  by  the  action  of  a  sol- 
vent»  developing  crystalline  forms^  there  is  reas<m  to  think  tliat 
the  fluid  has  exercised  this  actioii,  and  that  the  phenomenon 
is  analogous  to  that  extecml  action^  on  the  faces  of  hondrede 
of  Brazil  topazes  In  my  possession,  which  I  have  described  in 
the  Cambridge  Transactions and  the  singular  optical  figure 
formed  by  which,  I  have  represented  in  a  fiite  volume  or  the 
Thmsactions  of  this  Societyt* 

The  only  chemical  experiment  on  the  contents  of  these 
cavities,  which  I  have  had  occasion  recently  to  make,  is  per- 
l)nps  v\(>rih  reporting,  (^ne  angle  of  a  cavity  was  Ijlown  oil* 
by  iLs  explosion,  and  tliougli  the  fluids  esctiped,  a  prettv  huge 
prismatic  crystal  remained  within  the  cuviiy.  I  introduced 
ivatcr  and  alcohol  i>uccessively  into  tije  cavity,  and  raised  them 
to  a  considerable  heat ;  but  ihey  had  uu  efiect  in  dissolving 
the  crystal. 

•  Vol.  ii.  pintc  1.  fig.  15. 

f  Bdiaburgli  'IVMHactmM«voi.atf. plats  le.  figs.  l»fs. 
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5.  On  Solid  Ci^stals  and  Crplalline  Masses  imbedded  in 

Among  the  new  phaenomena  which  this  section  embraces, 
there  is  at  least  one  intimately  connected  with  the  subject  of 
the  fluid  caviiios.  How  far  the  other  pliisiiomena  may  have 
aoy  such  connLNLion,  it  remains  to  be  seen. 

The  imbedded  crystals  to  which  I  refer,  presented  them- 
selves  lo  me  while  the  specimens  which  contain  ihtni  were 
exposed  to  polari/.ed  light.  Minei alogists  liuve  been  lung 
familiar  with  the  beautiful  crystals  of  titanium,  imbedded  io 
quartz*  and  I  have  found  the  same  mineral  Imbedded  under 
atlll  more  interesting  circumstances  in  the  Brazilian  amethysts* 

In  topaz,  however,  the  imbedded  crystals  have  never  been 
noticed*  and  I  have  fortunately  obtained  specimens,  in  which 
they  are  dbplayed  with  singular  beauty.  Their  axes  of  double 
refraction  are  not  coincident  with  those  of  the  topaz;  and 
hence  they  are  seen  in  tlie  obscure  field  of  the  microscope 
s})lemleT)t  with  ail  the  colours  of  polarized  light.  These  cry- 
stals are  equally  transparent  with  the  topaz,  with  a  few  slight 
exceptions.  They  sometimes  polarize  five  or  six  orders  of 
colours;  and,  in  general,  they  have  very  beautilul  ctybtalline 
forms,  which  can  lie  Seen  by  the  microscope  in  common  light. 
In  some  cases  they  are  mere  crvstalline  masses,  often  of  a 
renifbrm  shape,  but  still  with  r<»ular  axes  of  double  refraction. 

In  some  specimens  of  Brazil  topaz,  the  crystals  occur  in 
branches  or  croups  of  singular  beauty,  consisting  of  prisms  and 
hexagonal  puitesi  connected  apparently  by  filaments  of  some 
opake  matter. 

I  have  occasionally  met  with  another  interesting  variety 
of  them,  wliich  /inve  no  visible  ouftine  by  common  light,  and 
which  could  ncwv  have  been  detected  but  by  the  polarizing 
microscope.  In  one  of  these  cases,  the  crystalline  mass,  which 
is  nearly  spherical,  lies  in  a  crowded  group  of  small  fluid  ca- 
vities, none  of  which  eulcrs  its  mass;  a  complete  proof  that 
tlie  cavities  were  formed  in  the  suit  niabb  ui  topaz,  when  it  en- 
circled the  indurated  crystal. 

Along  with  these  interesting  phaenomena,  another  occasion- 
ally occurs,  which  may  still  require  a  further  examination.  I 
*  have  observed  apparent  doubly  refracting  crystals,  which  difler 
in  some  essential  points  from  those  whicn  have  been  described. 
They  depolarize  a  uniform,  or  nearly  a  uniform  tint,  notwith- 
standing the  different  thicknesses  through  which  the  polarized 
light  passes;  and  that  tint  is  less  brilliant  than  in  the  real  im- 
bedded crystals.  I  conceive,  therefore,  thnt  ihvy  are  crystal- 
lized cavities,  having  their  inner  suriaces  coated  with  a  doubly 
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refraitting  crust.   This  is^  in  itself,  a  very  nalaral  tnppotitioot 

seeing  that  the  fluid  ma}*  Iiav^  discharged  it^  gaseous  portion^ 
and  left  bebiDcl  it  the  matters  which  it  held  in  solution.  The 
cavities  however,  of  this  kind,  which  I  have  described  in  a 
former  paper,  hnve  no  depolarizing  action  ;  and  I  find  that 
those  now  under  coii^dt  ration  have  regular  axes  of  double 
refraction.  Hence  lii  niaiti  r  which  covers  them  must  be  a 
regular  crvstalliue  biRlJ,  wiili  optical  and  crystal Ipgraphic 
exes — a  p!i;i  uumenon  uinth  iias  no  parallel  in  mineralogy* 

St.  Leonard's  College,  St.  Andrevr't, 
February  15,  lH4r>. 


LXXIV.  Observations  on  Chloric  Acid  and  the  Chlorates* 

By  Lewis  Thompson. 

To  ike  Ediiorg  qf  the  PhUov^akical  Magajdne  and  JournaL 

GlMTLBMSMy 

A  N  easy  and  cBconomical  mode  of  prtparing  chloric  add 
and  some  of  the  chloratei  has  not  been  described  in  any 
chemical  work  that  I  am  nwaraof:  tb«  following wiU be  foand 
to  answer  extremely  well. 

Dissolve  in  two  st  pnrate  portions  of  boiling  water  one  atom 
(122'8l)  of  chlurak-  ol  potash,  and  one  atom  (168'34)  of  bi- 
tartrate  of  ammonia  ^  nnx  Uie  tv\  (>  ^uluiiuns  together,  and  set 
the  whole  aside  in  order  thai  ihe  bitarlrate  of  potai>h  mav 
crystal  1  i /.e ;  liit-ii  luix  ilie  clear  si^iuliun  wkU  un  equal  bulk  of 
alcohol,  and  filter  or  pour  off  the  alcoholic  solution  of  cblorat« 
of  ammoniat  which  miitl  now  be  boiled  in  •  flaak  or  oChar 
narrow-necked  vesaelt  with  an  excess  of  recently-precipitated 
carbonate  of  baryta,  until  the  anmonia  la  exfieltad,  walar  being 
oeeasionally  addad ;  then  filter  the  flukt,  evaporate^  and  cry- 
llaUiaa.  In  dissolving  the  chlorala  of  potash  and  bltartrate  of 
ammonia,  as  little  water  must  bo  nsod  aa  poasible. 

The  chlomtes  of  strontia  and  lime  may  be  prepofod  m  m 
similar  manner;  and  the  metallic  chlorate  are  easily  prepared 
by  decomposing  the  chlorala  of  baryta  by  nseanaof  aauiphato 
01  the  base  l  equircd. 

Chloric  acid  is  best  obtained  by  dissolving  a  given  weight 
of  chlorate  of  baryta,  ntul  ruKJuig  no  more  sulphuric  acid  than 
is  suilicient  to  combine  uuh  the  base;  several  hours  or  even 
days,  however,  np[iear  necessary  to  effect  this  decomposition 
in  the  cold;  alter  wliicii  the  whole  ma)  be  filtereil  aiul  care- 
fully evaporated  at  a  low  heat.  When  sulphuric  acid  is  added 
to  a  adutlon  of  tho  ehlorate  of  baryta,  as  long  as  it  gives  m 
pMcipitaia^  I  have  always  fwmd  an  enoasa  of  it  In  tho  ohlorio 
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Th«  bitiurtmie  of  ammonia  may  ba  readUjr  mada  by  diiiol- 

vine  tarUric  acid  in  watar«  iaturating  one-half  of  (ha  toliitioii 
with  ammonia  ur  itn  carbonate^  and  adding  to  this  tha  remain* 
ing  half  of  tba  liquid  tartario  aoid ;  the  bitartrata  of  ammonia 

immediately  precipitates. 

For  pyrotechiiicnl  purposes,  the  chlorates  of  baryta,  stron- 
tta,  lead,  &c.  may  be  niaiie  without  alcohol.  With  conibus* 
tibles  containinj^  hydrocren,  the  chlorate  of  baryta  proibices  a 
green  Hanie  of  surpassing  brilliancy  ;  and  the  chlorate  of 
btrontia,  aUhonfrh  somewhat  tlciitjuescent,  is  mucii  superior  as 
a  crimson  to  the  uiirate  ot  that  earth. 

I  am,  Gentlemen, 

Yoar  moat  obedient  Serfan^ 

^fk»  Bar,  Newcartle-on-Tyne,  LSWIS  ThoMFSOIT, 

October  14^  1847. 


LXXV.  On  Qualernions  ;  or  on  a  Noi)  Sj/sicm  of  Imaginarics 
in  Algebra*  By  Sir  William  Rowan  Hamilton,  LLM,^ 
F,P.aJ»A^  F,HJiJS*%  Corre$apmding  Member  the  InsH* 
tute  qfF^anut  4*r^  Afu^m^  rrofessot  qfAiiranomu  in  tkf 
VmoenHjf  ^  DMin,  and  Haifid  Jttrmutmer  Ireland. 

[Caotioood  fttun  p.  SIKL} 
51 1  T  T  has  been  sliown*  that  if  the  two  symbols  h  m  denote 
X  certain  constant  vectors,  perpendicular  to  the  two 
cyclic  planes  of  an  ellipsoid,  and  if  v,  r  denote  two  other  and 
variable  vectors,  of  which  the  former  is  normal  to  the  ellipsoid 
at  niiy  proposed  point  upon  its  surface,  while  the  latter  is  tan- 
gential to  a  line  of  c!irvature  at  that  point,  then  the  direciimii 
of  these  four  vectors  i,  y,T  are  &0  related  to  each  other  as  to 
satisi^  the  conditiun  f 

8.  vrifKvO  (48.]^  article  47 1 

8  being  the  characteristic  of  the  operation  of  taking  the  scalar 

gart  ofa  quaternion.  And  because  the  two  latter  of  these 
wr  direction^  namely  the  directions  of  the  normal  and  tan- 

Sndal  vectors  y  and  r,  are  always  perpendicular  to  eaohother| 
is  additional  equation  has  been  seen  to  hold  good : 

S.vr^O  (36.)»  Article  45. 

Retaining  tba  same  signi6cations  of  the  symbols,  andearryiug 
forward  wr  convenience  the  reeent  numbering  of  the  fonaniss^ 

*  Sec  tlu>  Phiiosophicul  M:ig:i/ine  fur  October  1847i  or  FVocfifidin^f  of 
the  Royal  Irish  Academy  for  July  184G. 

t  Inadvertently  tmnscribed  ns  8.  micrssO,  towards  the  end  of  the  Iftft 
rommiinicHtinn  to  this  Ifsgtsfaoi  but  SOff tUly  ptilHoi  la  iko  fofSWia 
(4il.}  here  referred  to.  .  .  . 
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il  Is  now  proposed  to  point  ont  some  of  the  modes  of  oombining^ 
transfbrmtngt  and  interpreting  the  system  of  these  two  equa- 
tions, consistentlv  with  the  principles  and  rules  of  the  Calculos 
of  Quatemioni,  mm  which  the  equations  themselm  have  been 

derived. 

52.  Whatever  two  vectors  may  be  denoted  by  i  and  t,  the 
ternary  ptoclnct  t<t  is  always  n  vector  form,  because  (hv 
ntiicle  20)  its  scalar  part  is  zero;  and  on  tlie  other  hand  tlie 
square     is  a  pure  scalar :  therefore  we  may  always  write 

rirs/»T%   TisfiTy  •   •   •   •   •  (£8.) 

where  fi  is  a  new  vector,  expressible  in  terms  of  i  and  r  as 
follows: 

l»sTir~';  (58.) 

so  tliat  it  is,  in  general,  by  the  principles  of  articles  40,  41, 
42,  tJ,  the  rcficxion  of  the  vector  i  with  respect  to  the  vector 
T,  and  that  thus  the  direction  of  r  is  exactly  intermediate  be- 
tween the  directions  of  i  and  /x.  In  the  present  question^  this 
new  vector  fb,  de6ned  by  the  equation  (53.),  may  therefore 
represent  the  reflexion  of  the  lirst  cyclic  normal  with  re* 
spect  to  any  reflecting  line  which  is  parallel  to  the  vector  r, 
which  latter  vector  is  tangential  to  one  of  the  curves  of  cur* 
vature  on  the  ellipsoid.  Substituting  for  rir  its  value  (52.),  in 
the  lately  cited  equation  (49.),  and  suppressing  the  scalar 
&ctor     we  find  this  new  equation : 

S*iyfrxssO;  •   •  (54.) 

which,  in  virtue  of  thegenernl  equation  of  coplanan'tj/  ass\>rued 
in  the  21st  article  (Phil.  Ma^:.  for  July  1846),  exjiresses  that 
the  reflect L(l  vector  /x,  the  normal  vector  v,  and  the  second 
cyclic  normal  x,  are  parallel  to  one  common  plane.  This  result 
fr\ves  already  a  characterislical  geoineti  ic  property  of  the  lines 
ul  curvature  on  an  ellipsoid,  li  uin  which  the  direcuuiib  oi  tiiuse 
curved  lines,  or  of  their  tangents  (t),  can  generally  I)ea8signed» 
at  any  given  point  u))on  the  sorfece^  when  the  direction  of  the 
normal  (y)  at  that  point,  and  those  of  the  two  cj^dic  normals 

il  and  x),  are  known.  For  it  shows  that  ifa  straight  line^  be 
ound,  in  any  plane  parallel  to  the  given  lines  v  and  x,  such 
that  the  bisector  r  of  the  angle  between  this  line  ^  and  a  line 
parallel  to  the  other  ^ven  line  i  shall  be  perpendicular  to  the 

§iven  line  v,  then  this  bisecting  line  t  will  have  the  sought 
irection  of  a  tangent  to  a  line  of  curvature.  But  it  is  pos- 
sible to  deduce  a  geometrical  determination,  or  construction, 
more  simple  and  direct  tiiaa  tbis»  by  carrying  the  calculation 
a  little  further. 
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5S*  The  equation  (52.)  gives 

(}j^  +  i)r=T^-{'tT=zY-%    ....  (55.) 

this  last  symbol  V~'0  denoting  generally  any  quaternion  of 

which  the  vector  part  vanishes;  that  is  any  pure  scalar,  or  m 
other  words  any  real  number,  whether  positive  or  negative  or 
null.  Hence  +  i  and  t  denote,  in  the  present  que^ition,  two 
coincident  or  parallel  vectors,  of  w^hicn  the  directions  are 
eiiliLi  exactly  similar  or  else  exactly  opposite  to  each  oilier; 
since  if  they  were  inclined  at  any  actual  angle,  whether  acute 
or  right  or  obtuse,  iheir  }>roduct  would  be  a  quaternion,  of 
which  the  vector  part  woulil  not  be  equal  to  zero.  Accord- 
ini^ly  the  exprc^^iuu  {53, j  gives  iliis  equation  between  tensors, 

Tft=Ti;   •  (56-) 

so  that  the  symbols  /x  and  i  denote  here  two  eqaallv  Umm 
straight  lines ;  and  therefore  one  diagonal  of  the  equUatenu 
parallelogram  (or  rhombus)  which  is  constructed  with  those 
lines  for  two  adjacent  sides  bisects  the  angle  between  them. 
But  by  the  last  article,  this  bisector  has  the  direction  of  t  (or 
of  —t)  ;  and  by  one  oi'  those  fnn/ladiental  principles  of  the 
geonutrical  interpretation  of  symbols,  wliich  are  commo?i  to 
the  calculus  ut  quaternions  and  to  several  earlier  and  some 
later  systems,  the  symbol  fc-j-i  denotes  generally  the  interme- 
diate dias^oiial  of  a  parallelogram  constructed  with  the  Iine> 
denoted  by  (Jt>  and  i  tor  two  adjacent  sides:  we  might  there- 
fore in  this  way  also  have  seen  that  the  vector  ft  +  «  has,  in 
the  present  question,  the  direetion  of  ±  r.  This  veelor  + 1  is 
therefore  perpendicokr  to    and  we  have  the  equation 

O=S.)'(ft4-0>  <>r  S.yfA=  —  S.V4,  •   •    .  (57.) 

Bat  by  (56.)9  and  by  the  general  rule  for  the  tensor  of  a  pro- 
duct (see  art.  90),  we  have  also 

T.vfftsT.w;  ••••••  (58.) 

and  in  general  (by  art.  19),  the  square  of  the  tensor  of  a  qua- 
ternion is  equal  to  the  square  of  the  scalar  part,  minus  the 
square  of  the  vector  part  of  that  quaternion ;  or  in  symbols 
(Fhii.  Mag.,  July  1846), 

(TQ)*=(SQ)«-(VQ)«. 

Hence  the  two  quaternions  and  vt,  since  they  have  equal 
tensors  and  opposite  scalar  parts,  must  have  the  squares  of 
their  vector  parts  equal,  and  those  vector  parts  themselves 
must  have  their  tensors  equal  to  each  other;  that  isj  we  nay 
write 

(V.v/x)^  =  (V.vO-,    TV.v/i=TV,fi:    .    .  (59.) 
PAf/.i%.as.No.211.^/^Vol.81.  2L 
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and  may  rmrd  these  two  vector  paits  of  theae  two  qoater- 

liions,  or  ot  ihe  products  ly^  and  as  deDoting  two  equally 
long  straight  lines.    Conseqaently  the  vector  +yT,  which  has 

the  direction  of  llie  line  represented  by  the  ptrre  vector  pro- 
duct v^jr-f  i\  or  hv  the  sum  V.va  +  V.vj  of  two  equally  lonf^ 
vt'ctoi  >,  has  at  the  same  time  tfic  direction  of  the  sum  of  the 
two  corresponding  mrsors  of  tliose  vectors,  or  that  of  the  SUID 
of  their  vector-units;  so  that  we  nmy  write  the  equation 

^VT=UV.  va-f  IJ  V.vj,  (60.) 

where  U  is  (as  in  art.  Mi)  the  characteristic  of  the  operation 
of  taking  the  versor  of  a  quaternion,  or  of  a  vector;  and  /  is 
a  scalar  coefficient.  Again,  the  equation  0  =  S .  v/xx,  (54.), 
which  expresses  that  the  three  vectors  y>  x  are  coplanar, 
•hows  also  that  the  two  vectors  V.  Ffi  and  V.  wc  are  parallel  to 
each  other»  as  being  both  perpendicular  to  that  oofiunon  plaiM 
to  which  «9  fly  and  »  are  paraud;  hence  we  have  the  ibUowhiig 
equatioD  between  two  versors  of  vedofii  or  between  two  veo* 
tor*anitSy 

UV.v^=±UV.vx;  (61.) 

and  therefore  instead  of  the  formula  (60.)  we  may  write 

/t  =  V  - » U  V.  ri  ±    '  U  V.  vx  (62.) 

In  tliis  expression  for  a  vector  toucliinga  line  of  curvnttTrc,  or 
parallel  to  such  a  tangent,  the  two  term*?  ronnccted  by  the 
sign  +  are  easily  seen  to  denofe  (on  tlie  piinciples  of  the 
present  cakulusl  two  equally  long  vectors,  in  the  directions 
respectively  ihe  projections  of  the  two  cyclic  nornmls  i  and 
X  on  a  plane  perpendicular  to  v;  that  is,  on  the  tangent  plane 
to  the  eliipeoid  at  the  proposed  pointy  or  on  any  plane  parallel 
thereto.  If  then  we  draw  two  stiaurbt  lines  tbrongfa  the  (joint 
of  contact^  bisecting  the  acute  and  obtuse  angles  which  will  in 
general  be  formed  at  that  point  by  the  projections  on  the  tatt» 
gent  plane  of  two  indefinite  lines  drawn  through  the  same 
point  in  the  directions  of  the  two  cyclic  normals,  or  in  direc- 
tions perpendicular  to  the  two  planes  of  circular  section  of  the 
surface,  the  two  rectangular  bisectors  of  angleSy  so  obtained^  tcill 
be  the  faiigcnts  to  the  two  lines  of  rtfrjYifffre  :  which  very  simple 
construction  agrees  perfectly  witl:  kuuvvu  f^eometrical  i  exults, 
as  will  be  more  clearly  seen^  when  it  is  slightly  transfonaed  as 
follows. 

54.  If  we  multiply  either  of  the  two  tangential  vectors  r  by 
the  normal  vector  the  product  of  diese  two  rectangular  veo* 
tors  witl  be,  by  one  ol  the  fundamental  and  pectdiar*  princi« 

*  See  the  author's  Letter  of  October  17>  1843,  to  John  T.  Omvsi,  Eiq., 

printett  In  the  Supplemental^  Number  of  the  Philowphical  ^fng^izioe  for 
December  1844  :  m  which  Letter,  the  three  fundamental  tyabols  ipj^k 
were  what  it  has  been  since  propoged  to  name  (UrecHoH-umt*, 
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pies  of  the  calculus  of  quaternions  a  third  vector  rectangular 
to  both ;  we  diail  therefore  only  pass  by  this  niQltiplicatioiiy 
so  &r  as  ^UrteHam  are  ooDcenied»  from  one  to  the  other  of  the 
tangents  of  the  two  lines  of  curvature:  consequently  we  mav 
omit  the  factor  In  the  second  member  of  (620,  at  least  if 
we  change  (for  greater  facility  of  comparison  m  the  resnlte 
among  Uiemselves)  the  ambiguous  sM^n  J:  to  its  opposite. 
We  may  also  suppress  the  scalar  cocflicient  /,  if  we  only  wish 
to  form  an  expression  for  a  line  r  which  shall  have  the  recjuired 
direction  of  a  tangent,  without  obliging  the  UfvHk  of  this  line 
T  to  take  any  previously  chosen  value.  The  formula  for  the 
system  of  the  two  tangents  to  the  two  lines  of  curvatiire  thus 
takes  the  simplified  form  : 

r»UV.vi+UV.va;  (6S.) 

in  which  the  two  terms  connected  by  the  ugn  +  are  two  veo- 
tor-nnits»  in  the  respective  directions  of  the  traces  of  the  two 
cyclic  planes  upon  the  tangent  plane.   The  tangents  to  the 

two  lines  of  curvature  at  any  point  of  the  surface  of in  ellipsoid 
(and  the  same  result  holds  good  also  for  other  snrftoes  of  the 
second  order),  arc  tlierefore  parallel  to  the  two  rectangular 
straight  lines  which  bisect  the  angles  between  those  traces ;  or 
they  are  themselves  the  bisectors  of  the  angle;;  made  at  the 
point  of  contact  by  the  traces  of  planes  parallel  to  the  two 
cyclic  planes.  The  discovery  of  this  remarkable  geometrical 
theorem  appears  to  be  due  to  M.  Chasles.  It  is  only  brought 
forward  here  lor  the  sake  of  the  process  by  which  it  has  been 
above  deduced  (and  bv  which  the  writer  was  in  iavX  led  to 
percLlve  the  theorem  bclore  he  was  aware  that  it  was  already 
knoss  n),  ihrougii  an  application  of  the  method  oi  i^uatemions, 
and  as  a  corollary  from  the  geoiucU  ical  construction  of  tlie 
ellipsoid  itself  to  which  iltaL  method  conducii^d  him*.  1  or 
that  new  geometrical  consiruclion  has  been  shown  (in  a  recent 
Number  of  this  Magazine)  to  admit  of  being  easily  retratulated 
into  that  quaternion  form  of  the  equoHtmf  of  the  dlipeold, 
namely 

T(ip-fpx)=aii*— 1^  equation  (9.),  art.  (38.)f 

as  an  interprt'lat lun  ul  \vliiLh  e(]uation  it  had  been  assigned  by 
the  piesciiL  wiiier;  and  then  a  general  method  for  investiga- 
ting by  quaternions  the  directions  of  the  lines  of  curvature  on 
amf  curved  surface  whatever^  oondnctsy  as  has  been  shown  (in 

*  See  the  Numben  of  the  PhilotophicBl  Msgssine  for  June,  S^tember, 
and  October  1847  f  or  the  Piroceeilmgs  of  the  RdjsI  Iriih  Academy  for 

July  184G. 

\  Atu.thcr  vcrv  simple  construction,  dcri^'cd  from  t!i<^  "iamc  (juaternion 
equation,  and  curving  to  generate,  by  a  moving  spbcrt',  a  iystem  of  iwo 

recipfocel  cUipioidH  wiU  be  given  in  en  esr^  NuniW  of  thb  * 

8  LS 
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artidet46aiid47)»tolh6  eqaatioo  of  thoae  linei  for  the  «lU|i9oidt 

H.wmmQ  (49.); 

from  which,  when  combined  with  the  gent  i  al  ecjuaiion  S.yT=:0, 
the  formula  (63.)  has  been  deduced,  and  geometrically  ioter- 
preted  as  above. 

55.  Another  mode  of  investigating  generally  the  dlrectlcms  of 
those  tangential  vectors  r  which  satisfy  the  system  of  the  two 
conditions  in  nrt.  51,  mny  be  derived  from  observing  that 
those  conditions  fail  to  distinguish  one  such  tangential  vector 
from  another  in  each  of  the  two  cases  where  the  variable  nor- 
mal V  coincides  in  direction  with  either  of  the  two  fixed  cyclic 
normals,  i  and  x;  that  is,  at  the  four  nmhilicnl  pohifff  of  the 
ellipsoid,  as  might  have  been  expected  from  the  known  pro- 
perties of  that  surface.    In  fact  if  we  suppose 

vsmi,    S*iT=sO>  (640 

vrhere  ai  is  a  scalar  coefficient,  that  is  if  we  attend  to  either  of 
those  two  opposite  umbilies  at  which  y  has  the  direction  of  h 
we  find  the  value 

irriTXasfl|(ir}'l(»  (65.) 

which  is  here  a  veclor^lbrm,  because  by  (640  the  product  tr 
denotes  in  this  case  a  jnire  vector ^  so  that  iti  square  (iike  that 

of  every  other  vector  in  this  theory)  "voill  be  a  negative  scalar^  by 
one  of  the  fundamental  and  peculiar*  principles  of  the  present 
calculus ;  the  scalar  part  of  the  product  vtitx  therefore  vanishes, 
or  the  condition  (49.)  is  satisfied  by  the  suppositions  (64*)* 
Again,  if  we  suppose 

VZ=77l'x,  (66.) 

being  another  scnlar  coefficient,  thnt  is  if  we  consider  either 
of  those  two  oil'.ci'  opposite  umbilies  at  whit.  li  v  !)as  the  direc- 
tion of  X,  we  are  conducted  to  this  other  expression, 

yriTa=»i^xTiTx;  •  (67*) 

which  also  is  a  vector-form,  by  the  principles  of  the  80th 
article.  In  this  manner  we  may  be  led  to  see  that  if  in  general 
we  decompose,  by  orthogonal  projections,  each  of  tlie  two 

cyclic  normals,  i  and  x,  into  two  partial  or  component  vectors, 

i",  and  x',  x",  of  which  *'  and  x'  sliall  he  tangential  to  the 
surface,  or  perpendicular  to  the  variable  normal  v,  but  »"  and 
x^  parallel  to  liiat  normal,  in  such  a  manner  as  to  satisiy  the 
two  sets  of  equations. 


i=,'  +  i";  S.i'v=0;  V./'y=0; 
xmiif+x!';  S.x'ysO;  V.xfVsO 


.   .  (68,) 


*  See  the  ttttihor*!  letter  efOelobsr  17,  laia^  abesdyeitediaaBoCelB 
•rticlsM. 
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tlieiiy  on  subitiCiittng  Aese  ▼allies  for  i  end  u  in  the  condHkm 
or  in  the  equation  O^S.vrmtf  the  ternw  infolving  i" 
and  x''  will  fanisb  of  thenuelves»  and  the  equation  to  be  satis* 
fied  will  become 

OsS.yn'Txf;  (69.) 

whidi  is  thus  &r  a  simplified  Ibrm  of  the  eqoatioQ  (49.)»  that 
three  of  the  fonr  directions  to  be  compaveu  (namely  thone  of 
i\  x',  and  r)  are  now  parallel  to  one  common  planet  namely  to 
the  plane  which  touches  the  ellipsoid  at  the  proposed  pointy 
and  to  which  the  fourth  direction  (tlmt  of  v)  is  perpendicular. 
Decomposing  the  two  qnntcrnion  products,  t»'  and  tx',  into 
their  retspective  scalar  and  vccioi  parts,  by  the  general  ibrmuiffiy 

Tl'  =  S.Tl'  +  V.Tl'; 

and  observing  that  the  vectors  V .  r/  and  V«  tx'  both  represent 
lines  parallel  to  because  v  is  perpendteolar  to  the  oooimon 
plane  of  r,/,  x';  so  that  the  three  following  binarjr  prodnctSi 
V.ri'.V. Tx'y  fV. r/,  wV^nift  are  in  Uie  present  question  scalers s 
we  find  that  we  may  write 

8.rT/tW=fS.v<'.V,T«'+»V»T«'.&«if.   •   .  (71.) 

Hence  the  equation  (69.)  or  (49.)  reduces  itself,  after  being 
multiplied  by  v\  to  the  form 

S.Tl'.V.Tx'  +  V.Tl'.S.TJcfssO;  ....  (72.) 

which  give%  in  general,  by  the  rules  of  the  present  calculus, 

V.  iV     V.rx'       •  , 

s:7r=s:^'  

and  by  another  tnuisformation, 

|s^=""s:i?Ff*  <^*'> 

which  may  perhaps  be  not  inconveniently  written  also  thus: 

V  V  x' 

— ;  (75,) 

in  using  which  abridged  notation,  we  must  be  carefiil  to  re- 

V 

member,  respecting  the  characteristic  — ,  of  which  the  effect 

is  to  form  or  to  denote  the  quotient  of  the  vector  part  divided 

by  the  scalar  pari  of  any  quaternion  expression  to  which  it  is 
prefixed,  dial  this  Jirw  characteristic  of  operation  is  not  (like  S 
and  V  tlu  niselvo^)  distributive  rLlalively  to  the  operand.  The 
vector  iiciioled  by  the  fir^t  member  of  (74-.)  or  ot  (75.)  is  a  Ime 
pi^rpeudicular  tu  liie  plane  ot  /  and  r,  Uiat  is  to  the  tangent 


oltt        Sir  W.  Rowan  Hamiiton  on  Qtmiemions, 

plane  of  the  ellipsoid ;  and  its  length  is  the  trigonomeUrio 
tangent  of  the  angle  of  rotation  in  that  plane  from  the  direction 
of  the  line  t  to  that  of  the  line  i';  while  a  similar  interpretalion 
applies  to  the  second  member  of  either  of  the  same  two  ernia- 
tions,  the  sign  —  in  that  second  uKiuber  signiiying  heje  tli:it 
the  twi)  equally  long  angular  moiiuus,  or  rotations,  from  t  to 
i',  and  from  t  to  x',  are  periuniied  in  oppoaile  dirtclions* 
Thus  the  vector  t,  which  touches  a  line  of  curvature,  coincides 
in  direcdoD  with  ihe  bisector  of  the  an^ein  the  tangent  plane 
between  the  proiections,  i'  and  of  the  qrdic  normals  ttieff»- 
upon ;  or  with  uat  other  line^  at  right  angles  to  Uiis  last  \A* 
sector*  which  bisects  in  like  manner  the  other  and  supplement 
tary  angle  in  the  same  tangent  plane,  between  the  airections 
of  ?  and  —  x':  since  nf  may  be  changed  to  —  x',  without  alter- 
ing essentially  any  one  of  the  four  last  equations  between  r,/,  x'. 
Those  two  rectangular  and  known  directions  of  the  tangents 
to  the  lines  of  curvature  nt  any  point  of  an  ellipsoid,  which 
were  (>htniiK(]  by  the  })rocess  ol  article  53,  are  therefore  ob- 
tained aibo  by  the  prt)cess  of  the  present  article ;  which  con- 
ducts, by  the  help  of  the  geometrical  reasoning  above  indicated, 
to  the  following  expression  for  the  system  of  those  two  tan- 
gents T,  as  the  symbolical  solution  (in  the  language  of  the  pre- 
sent calculus)  of  any  one  of  the  fbnr  last  equations  (72.)v(75.): 

T=:^'(Ui'±U»0;  (76.) 

where    is  a  scalar  coefficient. 

The  agreement  of  this  symbolical  result  with  thnt  marked 
(6?  )  may  be  made  evident  by  observing  that  the  equations 
(68.)  give 

/=v->V,w;  x'=»-»V.yx;   .    •   .   .  (77.) 
SO  that  if  we  establishi  as  we  may«  the  lebition 

ttf={Tv)-\  (78.) 

between  ilic  nrhiirary  scalar  coefiicients  /  and  which  enter 
into  tlu  foi  aiulai  (62. and  (76.),  those  loimula^  will  coincide 
with  each  other.  Ana  to  show,  witlK  ut  introducin*^  geome- 
trical considerations^  that  (for  exauijjlc;  the  form  (73.)  of  the 
recent  condition  relatively  to  r  is  symbolically  .satisfied  by  the 
expression  (76. )>  we  may  remark  that  this  expression,  when 
operated  upon  according  to  the  general  ndes  of  tb»  calcnlosi 
gives 

Tx'.V.i'ral/'V.iV;  Tx'.S.iV=f'(-T.iV±S./xO;l 
T/.V.tm'-I'V.i'k'i     Tif,S.«'-/aS.iV+T.i'ii')f  J  ^ 

and  thai  therifora  tba  two  inamberi  of  (7%)  do  ioftotmiifa^ 
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m  TOtM  of  (76.),  OM  oommon  svmbdieal  Talacu  OAiaelj  one 
or  olber  of  the  two  which  are  inclucled  in  the  enbitfoomform 

V.iV 

mpectiDg  which  form  H  nmj  not  lie  oaeieBS  to  remark  that 
the  product  of  its  two  valocs  u  unity. 

[To  be  ecntliiued.] 


LXXVI.  Contributions  to  the  Chemical  Hitiory  qfOm-Cotton 
and  Xyloi^^,  By  Mr.  John  Hali*  ^iMvroum,  n/  CM* 
venUy  CoUeu  ,  London*, 

A  T  the  commencement  of  the  j)resent  year,  having  perceived 
tliat  cuusiderablc  doubt  rested  on  the  ultimate  composi- 
tion of  gun-cottouj  I  undertook  a  series  of  experiments  with 
a  view  to  asoertam  it^  if  postiblei  and  during  my  investig** 
tion  my  attention  waa  drawn  to  yarious  papeia  thai  appearad 
on  the  subject,  where  I  found  oontradictoiT  aooounta^  not 
only  of  the  results  of  analysis,  but  also  of  we  action  of  vim- 
rioua  reputed  solvents.  The  experiments  detailed  bdow* 
although  they  are  far  from  exhausting  the  subject,  may  serve 
to  espniln  some  of  these  aaomaliea,  and  to  point  out  a  lew 
facts,  \vhich,  as  far  as  I  have  been  able  to  leam^  have  not 
been  hitherto  noticed. 

The  cotton  employed  was  that  used  by  jewellers,  well- 
carded,  perfi  rtly  wliitp,  and  free  from  impprfpctions.  An 
anah'sis  of  the  substuace  by  combu'^tion  with  oxide  of  copper 
ia  a  stream  of  oxygen  yielded  the  tbUowiug  results 
Cotton  employed  .    ,    .    ,    .    3*16  grs. 
Carbonic  iicid  produced .    ,    •    5'14  ... 
Water  produced  •    •    •    •    .    2*06  ••• 
These  proportions  arc,— 

Carbon  .  .  .  44*37 
Hydrogen  .  *  7'24 
Oxygen.  •  •  4S*W 

100-00 

Lignine  calculated  ton  the  Ibnnuk  O^q 

Carbon.  •  «  44*44 
Hydrogen  •  •  6*17 
Oxygen.   *   •  49*39 

100*00 

Hie  ezoeaa  of  hydrogen  doubtlesa  ariaea  from  moiatnie 
abaorbed  by  the  oxide  of  oopper  during  the  unavoidable  deliy 
in  mixing  it  ivith  the  cotton. 

*  CoflHmuiiMd  by  the  Ghcnkal  Sodelyi  hsflag  been  rsad  Jm^Jp 
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This  cotton,  wliic h  may  be  considered  as  pure  lip:nine,  was 
steeped  untii  thorougiily  m  cttcd  in  a  mixture  of  nitric  acid  of 
spec.  grav.  1*502,  and  nearly  an  equal  bulk  of  {^trong  sul- 
phuric acid,  thcu  well-washed  with  water,  and  dried  at  a 
temperature  not  exceeding  212  .  In  one  instance  38*38  grs. 
of  cotton  became  66*84  grs.,  being  an  increase ]of  28*46  grs.^ 
or  7^*1^  oeaL  In  a  second  experiment  59*3  grs.  of  oot* 
ton  gave  an  incfease  of  43*7  grs.,  or  73*7  per  cent  The  gnn- 
cottoui  or  pvroxyline,  thus  produced  resembled  the  oijpnal 
cotton  in  physical  properties  very  closely,  and  exploded  al 
about  370°>  producing  no  smoke  and  leaving  no  residue. 

The  action  of  % m  ious  solvents  and  reagents  upon  this  sub- 
stance  was  found  in  be  as  follows  : — It  is  absolutely  insoluble 
in  pure  water,  and  lu  .irly  so  in  stron^^  nlcoliol,  aether,  whetlier 
hydrated  or  anhydrous,  and  in  a  mixture  of  iEther  with  --  th 
part  of  alcoliol ;  but  acetic  rcthcr  instantly  destroys  its  til) re, 
and  dissolves  it  in  large  qiiaiiliLy.  The  solutioa  yields  on 
spontaneous  evaporation  a  white  powder  of  the  same  weight 
as  the  original  pyroxylinc,  but  I  have  found  it  very  diffioilt 
to  drive  off  the  last  trsoes  of  the  solvent.  The  action  of  aol- 
phufic  acid  upon  it  difiers  from  that  exerted  upon  unaltered 
cotton;  for,  while  the  latter  is  instantly  dissolved  by  the 
•tmmg  add,  and  charred  upon  a  slight  elevation  of  tempera* 
ture,  pyroxyline  dissolves  with  difficulty  unless  the  acid  be 
warmed,  evolvinp:  nf  thr  same  time  nitric  oxide  and  other 
gases,  and  not  being  charred  even  upon  boiling.  "Witli  tiie 
aid  of  heat  it  dissolves  immediately  in  a  solution  ot  putadh* 
By  means  of  these  tlirce  last- mentioned  tests  1  was  able  to 
prove  the  absence  ot  any  unaltered  cotton  in  the  product 
under  examination.  The  action  of  other  reagents  upon  gun- 
cotton  was  not  so  decided ;  it  was  dissolved,  Dut  not  wi&ui 
long  boiling,  by  ammonia,  the  alkaline  aurbonates,  hydrcH 
chloric  acid,  acetic  acid,  both  glacial  and  dilute,  and  weak 
sulphuric  acid.  These  solutions,  as  well  as  the  two  preceding^ 
contained  nitiic  add;  nothing  could  be  precipitated  from 
them  by  dilution  or  neutralisuition ;  and  when  evaporated 
they  yielded  only  a  dark  limwn  amorj)hous  matter.  It  is 
evident  that  none  of  these  reagents  restore  the  lignine  in  ita 
original  condition;  and  they  do  not  afford  any  means  of 
.  ascertaining  whetlier  the  compound  contains  the  elements  of 
nitric  or  hyponiuic  acid. 

As  there  exists  a  great  discrepancy  in  the  accounts  given 
of  the  increase  of  weight  in  making  gun-cotton,  I  examined 
whether  the  length  of  time  it  was  immersed  in  the  acid  liquor, 
or  the  proportions  of  the  adds  employed,  were  the  cause*  The 
length  of  immersion  1  found  to  produce  no  altefation  $  but 
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upon  employing  two  meaturM  of  salphnric  add  to  one  of 
mtrio  acid,  I  obtained  a  product  memblm^  in  all  respects 
ofdittsvy  pyraj^Une^  yet  48*77  g^^*  gave  an  increase  of  only 
S4*Sl  grs.,  or  56*84  per  cent.  Upon  a  repetition  of  this  ex- 
periment! found  the  increase  to  be  59'93  per  cent.^  and  again 
70*6  per  cent.  Suspecting  from  the  disparity  of  these  results 
that  fsomothing  might  be  aissolved  in  the  acid  liquor,  I  im- 
mersed 6" 7  grs.  of  cotton  in  a  large  quantity  of  the  mixed 
acids,  but  it  increased  4*9  grs.,  or  73'1  per  cent.  Perceiving 
that  I  had  obtained  an  opposite  effect  to  that  anticipated,  I 
treated  1 2*01  grs.  of  cotton  with  just  sufficient  of  the  mixture 
to  wet  it  thoroughly:  tlie  libre  was  evidently  somewhat  de- 
stroyed J  the  increase  m  weight  was  only  6*54  grs.,  or  j  174 
per  cent*,  and  the  add  liquor  squeezed  from  the  cotton,  neu* 
tndized  with  ammonia,  evanorated  to  diyness,  and  heated, 

Eve  abundant  evidence  of  oiganic  matter  being  present 
!St  however  it  might  be  supposed  that  the  whole  had 
not  been  converted  into  pyroxyhne,  it  was  treated  again  with 
the  mixed  acids,  but  that  produced  an  increase  of  only  0*12 
gr.  The  action  of  various  solvents  confirmed  its  icfentity 
with  ordinarv  pvrowline,  while  its  soluhilitv  in  potash  proved 
that  the  transtormatioii  li  id  beeri  very  nearly  complete.  A 
repetition  of  the  expcriu»ent  gave  similar  results.  It  thus 
appears  that  the  small  iucrease  in  weight  in  the  preparation 
of  pyruxyliuc  takes  place  when  there  is  not  sufficient  nitric 
acid  present  to  prevent  the  peculiar  action  of  the  sulphuric 
add,  namely,  that  of  dissolving  and  altering  it.  When  how- 
over  the  increase  amounted  to  about  74  per  cent.,  I  was  never 
able  to  detect  the  presence  of  oxalic  add  or  other  oiganic 
matter  in  the  add  fiquor ;  and  as  no  gas  is  evolved  during 
the^prepaMtioii  of  pyroxyline,  it  may  be  oonduded  that  there 
is  no  secondary  product  containing  carbon. 

Subsequently,  when  Dr.  Schonbein  had  specified  his  me- 
thod of  making  gun-cotton,  T  treated  X^-'JH  njs.  of  cotton 
with  a  mixture  of  three  parts  of  sulphuric  acid  and  one  of 
nitric  acid,  sp.  gr.  1*5,  following  his  directions.  The  result 
was  32*92  grs.  of  a  substance  similar  to  that  produced  in 
former  experiments,  being  an  increase  of  75*20  per  cent.  On 
another  occasion  80*95  grs,  of  cotton  gave  an  increase  of 
61*10  grs.,  or  75*47  per  cent.  The  action  of  solvents  and  re- 
agents confirmed  thn  identity  of  this  pyroi^Une  with  that 
obtained  in  my  prevbus  experiments,  and  I  was  equaliy  able 
to  estsblish  the  absence  of  any  secondary  product  containing 
carbon. 

In  determining  the  ultimate  composition  of  pyroxylins 
several  precautions  were  found  to  be  necessaiy.  In  the  ana^ 
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lyscs  recorded  below  it  was  cut  into  small  pieces,  and,  after 
the  weiglit  ^vas  taken,  mixed  carefully  with  oxide  of  copper. 
To  prevent  its  caking  togetlier  thr  admixture  of  a  little  as- 
bestos was  found  useful.  This  was  introduced  into  a  lung 
combustion-tube,  then  some  fresh  oxide  of  copper,  and  upon 
it  aguiii  some  fused  into  lumps  so  as  to  till  the  whole  bore  for 
about  7  ioches.  Lastly,  was  added  a  mixture  of  copper  turn- 
ings and  reduced  copper  for  about  9  inchea.  The  oombua- 
tion  oooducted  cautiously  ia  the  usual  manner  ^ve  the  IbU 
lowing  results ;  the  pjroxyline  burnt  in  the  sixth  experi- 
ment  naving  been  piepared  by  Schonbein's  method, 

I.  IL  III.  IV.  V.  VI. 

Pyroxyline  employed  4'09  4*61  3-57  4*85  4*55  2*905 

Carb.  add  produced   4*20  4-52  3*42  4*88  ...  2  R4 

Water  produced  «   «  1*19  1*36  1*34  0-87 

Hence  in  100  parts,— 

I.        II.        III.        IV.        V.  VI. 
Carbon   •  27*dO   26*74   26*10   27*44    ...  26*65 
Hydrogen    3*22     3*27  3*27  S*32 

In  order  to  determine  the  amount  of  nitrogen  the  differ- 
ential mode  was  adopted,  aa  the  method  of  MM.  Will  and 
Vairentrapp  ia  inapplicable  to  aubatanoea  containing  thia 
element  in  ao  highly  oxidized  a  state.  The  same  precautions 
were  taken  as  in  the  eatimation  of  carbon ;  and  the  collected 
gases  !>ave  the  following  reaulta after  due  correction  for  baro- 
metrical preaauie 

T.  IT.  Auotii*  r  ^pectmtn. 

Carbonic  acid    .    25*0  36'5 
Tsitro<j;en  ...      5'5  8'5  5*1 

Theae  proportions  are^ —  * 
Nitrogen.  CnlMoio  ««id. 


1 
1 
1 


4-55 
4-53 
4*68 


The  yolumes  of  the  gaaeareimaentieapecttTelyequiTalenta 

of  carbon  and  nitrogen,  and  since  no  secondary  product  is 
formed  in  the  conversion  of  lip!:ninc  into  |)\roxyUne,  the  -\ 
equivalents  of  carbon  in  the  former  must  be  found  in  the 
latter.  This  will  give  the  following  ratio  in  eqiiivfilents  of 
carbon  and  nitrogen  according  to  the  three  experimcat&  above 
cited  J— 

I.  IL  III. 

Caibon  •  ...  24*0      24*0  24*0 
Nitrogen    *   .  .  6*26      5*3  ('12 
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or  94 1  5,  whidi  aooorcb  with  tha  proportions  atagiied  by 

M.  Pelouzc  *. 

Tho  fonmila  which  bett  agrees  with  these  results  is  the 

following:— Ca4/^^j|j^Q  \o^y  which  reckoned  to  100  parts, 

gives- 
Carbon    86*33 

Hydrogen   J^7S 

Nitrogen   12*75 

Oxygen   58*29 

Tfi  order  to  comparf^  pyroxylinc  with  x}^lo*idinc,  I  trcntcd 
starch  ^vith  fuming  nitric  acid  nntil  the  whole  was  converted 
into  a  gelatinous  mass.  The  additi  )!!  of  water  then  threw 
down  a  white  powder,  which  was  subsequently  woU-washcd 
and  dried.  The  iodine  test  proved  the  absence  ol  all  uiiai- 
tered  starch.  The  xyloidine  thus  obtained  explodes  at  about 
36(f,  leaving  a  carbonaceous  residue.  It  is  slightly  soluble 
in  stfaer,  with  which  it  is  capable  of  forming  a  peeoW  com- 
pound not  yet  investigated ;  more  so  in  alcohot  but  most  of 
all  in  Kthcr  mixed  with  a  small  proportion  of  alcohol,  or  in 
acetic  tether.  It  is  dissolved  by  strong  sulphniie  add  with- 
out the  aid  of  heat,  and  by  boiling  solutions  of  potash,  am* 
monia,  hydrochloric  acid  and  dilute  sulphuric  acid.  These 
solutions  contain  nitric  acid,  and  notninj^  is  precipitated 
from  them  by  dilution  or  neutralization.  Xyloidine  is  also 
soluble  in  s,Lrong  acetic  acid,  or  in  nitric  acid,  whether  funnng 
or  of  sp.  gr.  1*25^  but  is  reprecipitated  from  either  by  dilu- 
tion. 

It  was  also  found  that  nitnc  acid  of  ordinary  strength  (sp. 
gr.  1*45)  answered  equally  well  in  the  preparation  of  this 
substance ;  but  when  add  of  sp.  gr.  1*41  was  employed  no 
such  result  was  obtained*  Starch  treated  with  a  mixture  of 
equal  measures  of  nitric  and  sulphuric  acids  produced  a  sub- 
stance  of  greater  combustibility,  and  more  closely  resembling 
pyroxyhne,  but  differing  from  it  in  being  soluble  in  gladu 
acetic  acid,  and  in  a  mixture  of  aether  with  one«tenth  part  of 
alcohol,  as  also  in  the  action  that  acetic  aether  exerts  upon  it« 
Xyloidine  also  when  subjected  to  the  mixed  acids  gave  a  pro- 
duct identical  with  the  above*  as  £ur  at  least  as  the  action  of 
solvents  can  prove. 

Xyloidine  burnt  by  means  (tf  oxide  of  copper,  with  the 
usu  tl  precautions,  gave  the  iulluwing  results.  The  sub- 
stance employed  in  the  third  experiment  was  mude  from 
arrow-root. 


I. 

II. 

III. 

477 

5-23 

675 

5-30 

5-91 

7-87 

1*84 

1*96 

2*80 

It. 

III. 

30-82 

31-79 
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Xyloidine  employed  .  . 
Carbonic  acid  produced  . 
^^  lit  er  produced     •    •  • 

Hence  in  100  partSj — 

Carbon    .    .  30*30 
Hydrogen    .     4*88        4*16  4*60 

In  the  determination  of  nitrogen  by  the  differential  method 
the  proporiiuus  of  the  gases  obtained  were^-^ 

I.  II.  III. 

Carbonic  acid  .  70*7  53*4  53*8 
Nitrogen  •   .   .   10*6       6'9  M 

These  are  in  the  proportion  of — 

I.            II.  IIL 

Carbon    .    .    24  U  24*0  24*0 

Nitrogen .   .     S-59  3*10  3*57 

These  numbers  suggest  the  simple  substitution  product 

^••{si?0  ^i^ich  the  pei^«entage  of  culion  would 

be  Sl'37»  and  of  hydrogen  5*70 ;  yet  the  amount  of  nitro^ea 
is  somewhat  too  great,  and  then  ia  far  from  being  sufficient 
evidence  to  prove  the  definiteneaa  of  the  substance  itsdf. 
The  wide  difference  also  in  the  reauUa  obtained  by  variooa 
chemists  can  scarcely  be  accounted  for^  except  upon  the  sup- 
posUion  tl»t  th.7  have  operated  upon  very  dii&»»t  Bub- 
stances. 

The  solubility  of  xyloidinc  in  nitric  acid  led  me  to  examioe 
whether  any  alteration  could  be  etfected  upon  pyroxyline  by 
similar  means.  The  most  dilute  acid  which  I  iouiid  to  have 
any  effect  upon  it  in  the  cold  was  that  of  sp.  gr.  1*414 ;  but 
tiie  altmtion  took  place  bv  meana  of  thia  iSfy  after  long 
atandingy  and  but  to  a  alwt  extent.  Nitric  aod  of  ap.  gr. 
1*45  however  is  capable  ot  dissolving  pyroxyline^  and  altm 
both  its  composition  and  properties,  as  will  be  presently  de> 
aoribed ;  whust  fuming  nitric  acid  has  not  the  slightest  effi^ 
upon  it.  The  new  product  just  mentioned  is  acted  upon 
somewhat  differently  by  various  solvents,  according  to  whe- 
ther it  exists  in  a  fibrous  condition,  or  in  [)owder  as  precipi- 
tated from  solution  ;  yet  I  have  fmmd  by  experiment  that  no 
alteration  in  weight  is  effected  by  this  change  of  condition. 
When  in  fibre  it  is  slightly  soluble  in  strong  sdcohol^  tether,  a 
mixture  of  aether  with  one-tenth  part  of  alcohol,  and  acetic 
sether;  but  when  in  the  pulverulent  state  it  ia  very  soluble 
in  theae  menatrui^  and  in  glacial  aoatie  add*  In  either 
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dhkm  it  lems  a  carbonaoeoiu  raidoe  on  eomlni»tum»  is 
dissolved  by  nitric  8eid>  whedier  ^  sp.  gr.  1*S5  or  1*5,  and 
reprecipttated  upon  dilution.  Strong  sulphuric  acid  also 
dissolves  it  in  the  cold^  and  chars  it  at  a  temperature  below 
180^.  These  two  last  properties  show  that  the  original  pyr- 
osyfine  was  perfectly  free  mm  admixture  with  this  new  buIh 
stance. 

There  occurs  u  considerable  decrease  nf  weight  through 
this  tmnsforraation .  In  the  first  experiment  32  grs.  of  suo- 
stance  operated  upon  gave  25*82  grs.  of  the  new  product;  in 
the  second  48*64  grs.  of  the  one  yielded  M'GH  ot"  the  other. 
Now  assuming  the  increase  in  the  preparation  of  pyroxyliiie 
to  be  75  per  cent,  the  wdght  of  the  new  product  above  that  of 
the  original  cotton  would  be,  as  calculated  fiom  these  figures, 
41'1  bSA  S905  per  cent. 

When  this  new  product,  whether  in  the  fibroua  or  the  pnl* 
verulent  condition,  was  treated  with  a  miiture  of  equal  parts 
of  nitric  and  sulphuric  acids,  it  increased  considerably  in 
weight,  and  the  resulting  substance  had  all  the  properties  of 
pyroxyline  as  prepared  in  the  usnnl  manner.  II'IB  grs.  of 
the  one  yielded  13*5fi  grs.  of  the  other;  the  quantity  that 
should  theoictically  have  been  obtained,  calculating  it  from 
the  decrease  in  making  the  new  product,  is  1.5-84  or  14  04 
grs.  Again,  12*35  grs.  of  the  substance  as  precipitated  from 
solution  gave  15*75  grs.,  the  theoreticsl  amount  would  have 
been  15*31  or  15*54  gra.  This  result  proves  the  distinct- 
ness of  the  new  product  from  ayloidine,  a  feet  that  could  not 
have  been  aacertained  from  the  action  of  the  before-mentioned 
solvents. 

Whilst  engaged  in  obtaining  these  results,  I  also  examined 
the  action  of  nitric  acid  of  various  defrrces  of  strength  upon 
pure  cotton.  By  treatini;  it  with  iiilrie  acid  of  sp.  er.  1*5 
I  obtained  a  product  evidently  dilieimt  from  gun-cottou,  but 
as  it  did  not  appear  to  be  homogene(»us  throughout,  I  passed 
ou  to  investigate  the  action  ot  a  weaker  acid.  That  of  sp.  gr. 
1*45  gave  a  substance  which  proved  to  be  identical  with  Uie 
product  of  the  action  of  tiie  same  add  upon  pjiw^line* 
U^n  a  repetition  of  the  eiperiment  68*54  grs.  increased  In 
weight  14*61  grs.,  or  81*31  per  cent. — a^  smaller  increase 
than  might  have  been  anticipated,  but  which  may  easily  be 
accounted  for  by  the  ftct  that  the  whole  cotton  had  not  been 
transformed,  as  was  proved  by  a  considerable  portion  being 
left  undissolved  by  a  boiling  solution  of  potash.  Nitrir  acid 
ofsp.gr.  1'414  produced  the  same  alteration,  but  only  to  a 
small  extent,  and  after  long  standinpr.  23*75  grs.  of  cotton 
soaked  in  nitric  acid  of  sp.  gr.  VHIG  became  a  hard  mass, 
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and  increased  in  weight  13*49  gr.«.,  or  per  rent. ;  the 

action  of  various  solvents  upon  the  resulting  substance  indi- 
cated that  it  was  a  mixtuie  of  pyroxjline  and  the  new  pro- 
duct. On  .'Liiothcr  occasion,  when  the  transformation  by 
meaiib  ui  nitric  acidsp.  gr.  1*47  jirovcd  to  be  complete,  29'52 
grs.  of  cotton  increased  9'51  grs.,  or  32*89  per  cent.  But  in 
order  to  obtein  a  substance  sufficiently  pure  ibr  analysis  16*89 
grs.  of  cotton  were  treated  with  enough  nitrie  acid  to  dissolve 
tile  whole ;  the  new  product  was  predpi^ed  bj  diliitifln» 
and  the  increase  in  weight  was  found  to  be  5*84  gra.>  or 
32*78  per  cent.  In  these  instances  there  occurred  a  seoonday 
product  containing  carbon  not  precipitable  by  water. 

When  this  was  Biibjcrted  to  combustion  with  oside  cf 
copper,  the  following  results  were  obtained : — 

I.  IT.  Another  spedaisn. 

Snbstanro  emploved    .    3*15  2-985  S'lfJS 

Carbonic  acid  produced    3*58  3*39  3*55 

Water  produced .    .   •    1*00  1*01  X*14 

Hence  in  100  parts^ 

Carbon  .  50^  30^  80*59 
Hjdrogen     8*59         8*75  4-00 

I  was  unable  to  obtain  any  Tery  accurate  estimation  of  ni- 
trogen bv  the  differential  method:  the  results  most  to  be 
depended  upon 


Carbonic  acid  .  .  120*7  76*7 
Nitrogen  .   .   •   .     18*6  8*8 

lu  the  proportion  of 

Carbon  .  .  .  24*0  24*0 
Nitrogen ...     2*7  2*6 

These  numbers  lead  me  to  think  that  there  arc  3  equiva- 
lents of  nitrogen  in  tlic  conipouud,  especially  as  I  nhserved 
during  the  rnmbustion  that  the  substance  became  cii.orrcd 
even  1  or  2  inches  beyond  the  glowing  charcoal,  which  m  ill 
account  for  the  deficiency  of  nitrogen  when  compared  with 
the  carbonic  acid.  Hence  the  composition  of  the  new  pro- 
duct coincides  very  nearly  with  that  calculated  from  the 

formuk      \^^0^^^  namely. 

Carbon    .  •  •  •  81*87 

Hydrogen  •  .  •  8*70 

Nitrogen  •  •  •  «  9*15 

Qiygen  •  •  •  .  55'7B 
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Under  Hub  simpoeitton  fhe  inerease  in  weieht  in  ibe  panfr- 
pantion  would  be  41*66  per  cent. ;  very  aimuar  to  that  cal- 
culated from  the  results  obtained  the  action  of  nitric  add^ 
sp.  gr.  l*45j  on  pywsy^e,  maoiAj,  39*05  and  41*1  per  cent* 

In  order  to  aod  an  additional  prooi  of  the  identity  of  the 
two  substances  obtained  by  the  action  of  nitric  acid  of  sp.  gr. 
1*45  on  cotton  and  on  pyroxyline,  and  also  of  the  fact  that 
pyrox^line  is  reproduced  by  the  action  of  mixed  solphuritf 
and  nitric  acids  upon  the  new  product^  the  experiment  was  re* 
peated  with  a  portion  of  the  substance  made  from  pure  cotton  : 
the  result  was  pyroxyline.  In  the  transformation  26*56  grs. 
becnmo  38*04  :  now  those  26*56  ^rrs.  were  produced  from 
2 1  s  1  grs.  of  the  orii^inal  cotton  ;  hence  the  increase  upon  the 
cotton  itself  would  be  16*23  grs.,  or  74*4  per  cent.,  coinciding: 
with  the  amount  usually  obtained  in  the  preparation  ot  pyr- 
oxyline. 

I.  Froiii  these  results  it  appears  that  in  the  treatment  of 
woody  fibre  by  nitric  acid  raised  to  its  highest  degree  of 
strength  by  the  addition  of  sulphuric  acid,  5  equivalents  of 
the  acid  combine  inth  1  of  liniine  to  pnKluce  p^oxylinCy 
displacing  5  equivalents  of  the  oemento  of  water,  as  indicated 

hj  the  formula  fO^*   The  amount  per  cent,  of 

carbon  and  hydro^n  hence  deduced  closely  agrees  al^  with 
that  assigned  by  Mr.  Ransome*  and  M.  Pettenkofisrf. 

Calculated.      Rtttomt.  PrttnlMfcr. 
Carbon  •  .  26*23        26*28  26*26 
Hydrogen   .     2*76  316  2*76 

In  this  case  the  synthetical  experiment  would  give  an  in- 
crease of  69*44  per  cent. — nearly  the  amount  obtained  in  tlie 
best  exueriments.  My  own  auidyses  however  have  yielded  a 
somewnat  larger  amount  of  carbon.^ 

IL  If  lignine  be  treated  with  nitric  add  combined  wilih 
move  than  1  equivalent  of  watnr,  another  compound  is  pro- 
duced, containmg  a  smalkr  proportion  of  tlie  dements  of 

nitric  acid,  most  probably  C^<  $So  f  closely 
cesembUng,  but  not  identical  with,  pymsyiine. 

C^H«0«+3(N0^ 2HO)=C«,{J^^2()  jo«4-9HO. 

Also  if  pyroxyline  itself  be  treated  with  nitric  acid  con- 
taining 3  equivalents  of  water^  the  same  compound  results  t 

«  Phil.  Mag.,  January  1847. 
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^  {  si'o, }  Ou+HfO,.  «HO)  -  <i,  { }  0,+4<NOr  HO). 

And  this  transformation  may  be  reversed. 

Whilst  completing  my  examination  of  this  substance,  my 
atteatian  im 'drawn  to  the  oominiinicatioa  of  M.  Payen  ia 
the  Compt^  Rend¥9  of  Jan*  25thj  where  some  propertice  of 
colon  hypoazotique  ^  are  describecl.  It  is  possibly  the 
eamei  yet,  in  order  to  egress  its  disttnctnesa  from  pyr- 
online,  I  would  propose  as  the  appellation  of  my  aubstanoe 
ootton-xyloidine. 

Before  conchiding  T  would  acknowledgf  my  obligations  to 
several  chemists  whose  published  investigations  on  the  same 
Biibjrrt  hnvo  suggested  many  of  my  experiments,  and  more 
particularly  to  Professor  Fownes  for  the  valuable  advice  with 
which  from  time  to  time  he  has  favoured  me. 


LXXVIL  Prouedingt  qf  Learned  Soeieiia. 

BOTAL  iJTBONOMlCAL  aOCISTT. 

[OontiaiiBd  from  p.  880.] 

June  II,  the  Opinion  of  Copemieas  with  reneet  to  the 

1847.   vy  light  of  the  Planets.   By  Profesaor  De  11 

The  common  story  is»  that  Copernicus,  on  being  opposed  by  the 
nrp;\iment  that  Mercury  nnd  Venus  did  not  show  phases,  answered 
that  the  phases  would  be  discovered  some  day.  The  first  phice  in 
which  I  find  this  story  is  in  Keill's  Lectures.  It  is  also  given  by 
Dr.  Smith,  In  hii  well-known  Treatiae  on  Optics,  by  JiaiUi,  and  by 
others.  Bat  I  esnnot  find  it  mentkmed  etiher  by  Melchior  Adsm  or 
Gassendil.  in  their  biographies  of  Copernicus ;  nor  by  Kbeticus,  in  his 
celebrated  Narrntio,  dc&cri])tive  of  tlie  system  of  Copernicus  ;  nor 
by  Kepler,  nor  by  lliccioli,  in  their  collections  of  arguments  for  and 
against  the  heliocentric  theory ;  nor  by  Galileo,  when  announcing 
and  commenting  on  the  discovery  of  the  phases ;  and,  what  is  most 
to  the  purpose,  Mttler.  ui  his  excellent  edition  of  the  great  work  of 
Copemieos,  when  referring  to  the  discovery  of  the  phases  of  Vcnos, 
as  made  since,  and  unknown  to,  Copcmicos,  does  not  say  a  weed  on 
any  prediction  or  opinion  of  the  latter. 

This  story  may  then  be  rejected,  us  the  gossip  oi  a  time  posterior 
to  Coj}ernicus.  If  we  try  to  examine  what  tlie  opinion  of  Cupernicus 
on  this  matter  restty  was,  a  point  of  some  litde  emiosity  tnsss.  U 
depends  on  one  worn,  whether  he  did  or  did  not  assert  his  belief  in 
one  or  other  of  these  two  opinions, — that  the  planets  shine  by  their 
own  light,  or  that  they  are  saturated  by  the  solar  light,  which,  ns  it 
were,  soaks  through  them.  I  support  the  affirmative  :  that  is  to 
Bay,  I  hold  it  suthdently  certain  that  Copernicus  did  express  hium* 
ecu  to  the  eflfeet  Ihtt  one  or  the  other  of  these  soppoiitions  wis  tiie 
tmth. 

If  we  take  the  first  edition  of  the  work     itnmMsittvt,  which 
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wa«  printed  from  the  manuscript  furnished  by  C  ojiernicns  himself, 
there  is  iittic  doubt  about  tht:  matter.  There  aru  but  two  passages 
which  bear  or  can  hear  upoo  iSbm  qnntioii.  Hie  int  ia  iii  the  «tf 
leetorem,  in  which  the  writer  (Onandtr,  thoogh  «vm  Ddunbre  maka 
him  Gopernieiit)  asks  whether  anjr  one  aoquaintad  wS^  gaometry  at 
optics  can  receive  the  Ptolemaic  epicycle  then  n«e(1  to  explain  the 
motion  in  lonLMtude  ol  Venus  ?  But  the  meaning  of  the  allusioa  to 
optics  is  explained  iu  the  next  seuteuce,  by  a  reference  (and  by  no 
neana  a  Ibftiinate  one)  to  tha  changes  of  apparent  diameter  of  Venus 
darivad  finmi  that  epicyde;  changaa  which,  aa  they  mada  tiie  peri* 
gaan  diameter  more  than  feur  tiniea  aa  graal  aa  the  apogaan,  wera 
assured  to  be  falsified  by  common  experience.  The  second  passage 
is  the  one  on  which  this  discussion  must  turn.  In  book  i.  chap,  x., 
after  notiug  that  some  had  theretofore  believed  Mercury  and  V'enus  to 
come  between  the  earth  and  suu,  he  mentions  the  difiiculty  arisiug 
from  the  absence  of  the  rmaikable  phaae,- which  we  mow  call  the 
tiansit  over  the  ran'a  diac.  He  daacnhaa  the  opiiiion  jvat  mentioned 
&vourabIy,  referring,  not  to  his  own  view,  hot  to  that  of  thoaa 
others  who  had  hi^ltl  it.  This  is  not  an  uncommon  idiom  :  persons 
advocating  an  unijopuiar  opinion  are  very  apt  to  descriHc  the  main- 
tainers  of  it  in  the  tliird  person,  though  theu:;selves  be  ot  tiic  uumber. 
But  when  he  eomaa  to  deaeribe  what  he  takea  to  ha  the  naceaaaiy 
cooaequence  of  the  opinioii*  he  lapses  into  the  int  pavaon  aa  Id1« 
k>w8 : — "  Non  ergo  fiftemor  in  stelha  opacitatem  eiae  aliqinai  Imuai 
similcm,  sed  vel  proprio  limine,  vel  solan  todt  imhntM  oorporibiia 

fiilgere,  et  idcirco  solcm  non  impediri  *' 

These  are  the  words  of  the  first  edition  ^Nuremberg,  1543). 
That  Copernicus  could  have  answerad  any  objection,  either  by  worid 
or  wihiiig,  ta  imposaihle,  ainoe  he  drew  ma  laat  braath  withm  a  few 
hooia  of  ti^e  time  when,  not  able  to  open  it  from  Avcakness,  he  saw 
the  first  printed  copy.  The  second  edition  (Basle,  15C6)  is  usually 
said  to  have  been  edited  by  Rheticus.  The  reason  of  this  that  the 
name  of  Rheticus  appears  in  the  title-page.  But  this  appearance 
only  arises  from  the  Narration  &c.  of  Rheticus  being  added  to  tha 
editiaii;  and  it  ia  only  the  deaeription  of  tfaia  edition  whieh  hringa 
Rheticus  into  the  titie-fage.  There  ia  no  mark  whatever  of  hia 
having  been  the  editor ;  and  as  the  work  %vas  printed  at  Bn-le,  ^vlierc 
I  cannot  fiiul  that  Rheticus  ever  sojotirncd,  and  as  the  latter  was 
deejdy  engaged  at  the  time  in  his  enormous  trigonometrical  calcu- 
latiou«  some  proof  of  his  editorahip  must  be  given  before  it  ia  ad- 
nitted,  Aa  the  point  ia  of  importanoe,  I  wdl  notice,  tiiatnaleaa 
Rheticus  had  made  some  stay  at  Basle,  it  is  very  unlikely  he  should 
have  edited  a  work  printed  there.  He  did  not  editc  the  first  edition, 
onlv  heean«e  it  vcn^  found  convenient  to  print  it  at  Nuremberg  in- 
stead of  at  Wittcnilieig  ;  and  it  was  accordingly  entrusted  to  Osiander. 
Now,  if  ever  Uiere  were  a  connexion  between  two  moo,  and  between 
one  of  them  and  the  book  of  the  otiier,  which  made  it  deaiinble  and 
eren  neeeaaary  that  the  first  should  edltc  the  aaoond,  it  was  the  eaae 
of  Rhetieiia  and  the  first  edition  of  the  Dc  Revolutionihus,  he. ;  and 
yet  no  armngemefit  could  be  made  by  which  the  sheets  printed  at 
J^hiU  Ma^.  b.  3.  No.  211.  Su^pL  Vul.  31.  2  M 
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Nuremberg  could  be  revifpd  at  Wittemberg.    It  is  very  unlikely, 
then,  that  Rheticus  ahould  have  edited  the  second  editioni  when,  m 
fiur  as  W8  koow,  a  similar  impediment  cxistod. 
The  tiufd  flditiao,     MiUer  (AniteRbn,  1617)»  htm  no  wiMty 

as  to  the  text  abofe  tiiuof  the  secoiid. 

Now  both  the  second  and  third  editions  change  the  woid  fatemnr 
into  fatcnivr,  thus  causing  Copernicus  to  throw  the  opinion  in 

qiie^tion  uii  ii  his  predtTesfor",  instead  of  directly  making  it  his 
own.    i\ot  that  it  would  be  conclusive,  even  li  the  cuiendation  were 

aiioptod  I  for,  w  I  tiid,  Copetakiif  ii  eriikntly  speaking  witb 
^pprobatioti  of  the  opiinoiis  wliieli  he  deraribet  \  ud  it  ipould  be 
diffioolt  to  aej  why  etrnftnimt  or  putant  in  one  sentence  should 

imply  approbation,  and  /atentvr,  in  the  next,  should  be  at  least  dis- 
avowal, if  not  disapprobation,  if  llbeticus,  who  knew  the  mind  of 
Copernicus  better  tlxan  any  one,  had  been  the  editor,  i  can  conceive 
that  stress  ought  to  be  laid  upon  the  change  of  the  fint  into  the 
tbird  pertoA  ee  an  emendetkin ;  that  I  ifaoDld  be  mmtmhtX  elvf* 
geted  by  Rbettcna  hvmg  thongbt  U  neeeisary  to  nek*  wotk  m 

alteration. 

]^iit,  Rhetlcus  not  being  in  the  question,  aB  I  think,  for  the  rca- 
s^un^  U'ivcn  above,  the  next  best  authority  on  an  opinion  of  Coper- 
nicus i&  Galiico.  Now  the  latter,  in  speaking  of  the  phus^  of  Venus, 
eipnwly  ettribntee  to  Gopeinwiie  tbe  nemtoniaoe  of  one  of  tbe 
two  eltemettfce^-^tbei;  the  pUnet  is  eitiiar  aelf^lmiBQQe  or  ymf^m 
rated  by  the  solnr  rays.  Of  these  alternatives,  he  says,  in  bit  leMr 
to  Vclser  (Works,  vol.  ii.  pp.  88,  89),  "  AI  Copemico  mcdesimo 
convien  nrncttere  come  possibile,  anzi  pur  rnmo  necessaria  una  deUe 
dettc  pu&iziuiii."  And  that  such  was  tiie  opinion  of  Copernicus  is 
aUo  assumed  by  the  writer  of  the  note  on  the  Sydereus  Atmctm  in 
tbe  vQEume  just  mcBtioiied*  and  by  otlura,  eien  down  to  our  own 
tine  I  as  by  Mr.  Drinkwater  Betbmie,  in  bia  lift  oC  Qatflee*  Intelf 
with  tbe  exception  of  the  unsupported  story  OMnlioDed  at  the  be« 
ginning  of  this  paper,  there  is  nowhere,  that  I  can  find,  nnything 
asrninst  my  conciusiua.  And  it  is  to  be  remembered,  that  f'ojjrrnicua 
nowhere  sliows  any  of  that  acumen  in  matters  of  physics,  apart  from 
mathematics,  which  has  often  enabled  the  cultivators  of  the  former 
to  make  atqM  more  than  proportionato  to  tiieir  iaMwbri||e  of  tbn 
latter.  Ptolemy,  tbe  great  promoter  of  the  old  tbeQty«  and  Oapari 
nicus,  its  destroyer,  were  both  mathematicians  in  a  p^mliar  Mate  f 
Ptolemy  being  far  the  more  ssgaciou?  in  qiie«=tions  of  pure  experi- 
ment. Their  grounds  of  confidence  art  marutmatical ;  and  Coper- 
nicus, in  particular,  dares  to  face  his  own  physics  ^for  there  b  no 
teaaon  to  suppoae  be  tvta  beyond  bia  age  in  macdaaueal  phitoaophy) 
with  leaaona  drawn  tntitel^  fiom  probabHltiea  aAnded  ^y  madto* 
matics. 

There  is  much  reason  to  regret  the  practice  of  nssociating  with 
the  namr"  of  those  who  have  led  the  way  in  great  discovert'  the 
glor}'  winch  is  due  to  their  followers.  The  disadvantage  is  tMofold. 
In  tlie  hret  place,  it  introduces  into  the  history  of  science  an  index 

cnor  of  from  one  to  twooantmito  i  looondly,  thooo  who  ooma  to  in- 
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^■ivi  08  diwipfiOfkitod  to  find  tint  tfanvf  nmst  low  Ifaif  iiyiiiiMi  of 
graaft  toen,  and  are  perhaps  led  to  do  it  to  a  greater  extoat  IkOB  jua- 

tice  requires.  Our  usual  popular  treatieef  spcuk  of  Copernicus  as  if, 
besides  himself,  lie  hnd  in  him  no  inconsiderable  fraction  of  Kepler, 
Galileo.  Ncwtuii  aad  iialley.  What  is  a  person  to  think  who  cornea 
iium  Lhu^e  iiiistoriea  to  actual  investigation,  when  lie  iiuds  iu  Coper* 
■irat  himiclf  Ao  iaunonible  ctKirtm  mmii  (only  iwdiiig  am  te 
•ntli)  id  Ifae  PtoloBaktm^  tlirir  opkjdm,  and  m  lotpiriaii,  at  laaat* 
of  the  solid  orbs  ? 

On  the  Formation  and  Application  of  Fiae  MotaUio  Wnaa  to 
Optical  Instruments.    By  Mr.  Ulrirh. 

Dr.  Wollaston,  in  the  Philosophical  1  nui'-  iction''  for  1813,  pro- 
posed a  method  of  forminj?  wires  of  gold  or  jiliitumia  of  any  degree 
of  tenuitj.  The  discovery  docs  not  appear  to  have  been  much  used, 
owisg,  aa  Mr.  Uliiok  supposes,  to  the  dafioolty  of  applicatwn. 

Mr.  Ulrieh  loma  tha  fiao  win  hj  laaerting  a  gold  or  platbniB 
wire  in  the  centre  of  a  lilw  o^nidar  of  madt  laigtr  dimensions* 
^hich  is  afterwards  drawn  out  by  the  usual  process.  When  tho 
stiver  wire  has  been  sufficientlv  extended,  Mr.  Ulrich  cut*  it  into 
short  lengths  and  fittache*^  plntin  i  rings  to  each  end.  The  rings  are 
iiouivcd  upon  a  liuuked  turk,  and  the  whole  is  plunged  into  heated 
aitrio  acid,  when  the  silver  coating  is  dissolved. 

Tha  artirt  waj  bow  wito  In  oeO  aooordbig  to  Ua  taof.  Mi, 
Ubich's  plan  aaiaMi  to  ba,  to  liold  one  end  by  an  ofoplate ;  then  to 
aUowthe  wire  toboaknldiodbyltiplatina  ring,  and  to  fix  the  oti^ 
OTcrplate.  He  recomTnends  using  a  cell  of  the  same  material  r«  the 
wire,  as,  otherwise,  a  diiference  ol  expanaioa  might  break  or  slacken 
the  wires. 

Uu  the  properties  of  Rock  as  a  fouadatiua  oi  the  Piers  of  Meridian 
iBMnuentB,  wkh  aa  Aceoont  of  tha  DateotSon  of  n  Mtfierto  tOki 
anmalad  Oaaw  of  Bmr  in  tha  EdhOHBgh  IVanri^  ByMeaaor 
C  P*  Suiyth* 

Some  yeara  ago  doabti  ware  expressed  of  the  fitness  of  a  rock 

foundation  for  an  oh«ervntorv.  It  doc  tio*  nppear  that  any  experi* 
ments  were  made,  or  that  any  reason  was  adduced  beyond  this,  that  as 
tremor  was  unfavourable  to  the  performance  of  large  telescopes,  and 
as  rock  was  more  capable  of  transmitting  tremors  than  less  compact 
foateiialt  therefore  rodt  waa  to  be  aToi£d  when  ehooeing  a  eite  fiir 
an  ofaaerratory.  The  aalhor  or  anthofa  of  thia  ofwiion  weio  pro* 
bably  but  iU-acqoamted  with  tha  mode  of  wcarking  an  observataiy, 
or  the  requisites  for  obtaining  accuracy  in  meridian  observations ; 
yet  it  is  certain  that  an  undue  importnrre  v.  n=  attached  in  «ome  cr^ps 
to  these  very  idle  surmises.  At  the  pre!*eiit  lime  it  is  not  likely  tli  it 
any  intelligent  person  would  be  misled  by  such  authorities,  and  it 
ia  therefore  unnecessary  to  mention  here  the  mischief  they  have 
oaiteed*.  It  is  to  be  wiriied  that  the  founder*  of  foture  obeer?atoriee» 

*  The  effect  of  tremor  on  a  telescope  h  probably  familiar  to  every  read- 
er ef  this  notlc»  It  CMoes  a  tort  of  burr  round  the  object,  and  deBCro|rB 
the  sharp nes«  <^  outline  and  deftni^n.  This  is  probably  more  Injurious  m 
refiecriog  than  inrsftaotlog  telescopes ;  but  we  may  &iriy  doubt  whether  it 
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vihoi  can  command  a  rock  foundation,  should  make  it^p  nf  thrir  ir  >od 
fortune  ;  and  that  thost  who  cannot,  would  look  carefully  to  the 
possible  effects  of  moifiture,  which  are  probably  more  extensive,  and 
Tary  more  rapidly*  than  those  of  tempentnre. 

The  observatoty  of  Edinburgh  is  placed  on  theCalton  Hill.  Tliis 
it  chiefly  of  a  porphyritic  formation.  The  apex  waa  blasted  aTmr 
to  obtain  a  level  area,  on  which  the  observatory  was  erected.  The 
site  of  each  pier  was  cut  away  until  a  sound  part  of  the  rock  was 
arrived  at  \\t  was  not  necessary  to  go  deeper  for  this  purpose  than 
aix  or  nine  inches),  when  the  exact  size  of  the  foondation  was  at 
once  marked  out  and  the  space  carefully  levelled,  'llie  foundation 
stone  was  also  carefully  smoothed,  and  then  laid  in  its  place  with 
milk  of  lime.  As  the  foundation  and  stone  were  both  rather  hollow, 
except  for  three  inches  at  the  outer  edge,  which  was  polished,  the 
fitting  was  very  perfect.  There  are  no  vertical  joints,  and  each  ^tono 
■was  laid  in  the  tame  manner  as  the  foundation  stone.  As  one  ol 
the  piindpal  thoroughfares  of  Edinburgh  runs  about  100  feet  below, 
and  only  300  feet  distant  from,  the  ob8er^'atory,  tremors  were  cob* 
fidently  predicted  by  the  alarini'-ts.  Professor  Henderson  however, 
found  none,  i\or  any  interrupti m  to  hi«  fih«ervations  iu  mercury. 
Professor  bmyth  adds  that  he  hnds  no  iiunoyauce  from  the  railroad 
about  300  feet  below,  and  at  a  hotizontsl  diMance  of  500  feet. 

8o  far  the  observatory  founded  on  a  rock  came  out  ▼ictorioualj 
from  its  ordeal,  but  Professor  Henderson,  in  the  course  of  his  work, 
found  a  well  marked  annird  varifition  of  the  level  of  the  transit, 
which  hr  attributed  to  the  ex|  aii-ina  of  the  rock.  This  variation 
seemed  so  intimately  connected  with  temperature  that  he  latterly 
took  his  factor  for  level  correction  from  the  thermometer,  having 
found  a  constant  agreement  between  this  and  the  indicationa  of  the 
spirit  level.  Tlie  maximum  of  this  change  amounted  to  between 
0**2  and  0'  3  in  tlie  value  of  the  level  (actor,  and  the  variationa  wen 
tolerably  reL:nl;ir. 

On  computing  the  azimuthal  factors  for  1S41,  Brofesaor  Smyth 

is  more  lelt  oo  solid  than  on  loose  foundations.   In  a  ilmdM  observatory. 

where  olxcrvations  arc  made  principally  in  the  mcrunnn,  tremor  scr;rre!y 
affects  tiic  accuracy  of  observation  at  all,  unless  it  is  &o  exces:»irc  to 
change  the  position  of  the  microscopes,  piers,  8;c*  Now  this  is  obviously 
the  least  likely  to  ha|)[)en  when  the  foundation  is  on  rock ;  the  tremors  are 
propagnted  through  the  snhstancc,  ^vifflout  in  arv  rc<:pect  altering  it*;  form. 
Suaden  and  discontinuous  changes,  which  obey  no  law,  are  those  only  which 
are  to  be  fesred  in  a  wdUdirected  observatory.  Tremor  is  chiefly  objec- 
tioaable  as  disturbing  the  mercurial  horizon,  which,  however,  is  now  mostly 
used  a^  a  vcri!ir:»fu>!i,  not  as  the  orilinary  mode  cf  ohscrvinf:;  and  when 
this  inconvenience  only  occurs  occasionally,  it  can  generally  be  avoided  or 
palHated  by  a  little  contrivance  or  foreugbt.  Unless  the  adpaimenig  aro 
Kept  in  a  fluctuating  and  uncertain  state  by  occasional  small  oscillations 
(and  we  l)clieve  no  careful  experiments  have  been  directed  to  this  point), 
they  arc  minor  evils.  The  ex{)erience  of  the  Oxford  and  of  the  Kdinbuf^gh 
Observatory  is,  so  fiu*  as  it  goes,  canclunve  egidast  any  danger  fvom  mo- 
derate exposure  to  tremors  iu  a  weU«lbonded  and  wclMnanm^  ofassrva 
toiy,— S. 
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was  very  much,  disturbed  on  finding  variations,  which  sometimes  al- 
tered tlie  factor  at  mneh  at  (P-Stn  a  day.  and  more  than  1**0  in  the 
course  of  the  year.  These  changes  in  aanmtb  had  beeo  xemarked  hy 
Professor  Henderson,  and  were  attributed  to  the  tnegnhur  actum  oip 

the  counterpoises,  which  were  consequently  removed.  On  a  com- 
parison of  these  errors  with  the  indications  of  thermometers  plunged 
in  the  rock  there  were  apparent  marks  of  correspondence. 

There  are  several  thermometers  inserted  at  different  deptiis  in  the 
roek  near  the  obeenratory,  which  had  been  careftdly  obaerved  in  lh» 
fttot  1841  *.  The  indioations  of  these  dieimoineten  were  piojeeted 
on  paper,  and  the  corves  thus  formed  compared  with  a  curve  traced 
according  to  the  course  of  the  azimuthal  deviation.  It  \vn?  thus 
made  evident,  that  the  curve  of  azimuthal  deviation,  though  having, 
like  the  other  curves,  an  annual  maximum,  did  uut  otherwise  resem* 
ble  the  corree  belonging  to  the  deep-seated  thermometers  at  all;  and» 
in  fwt»  it  cane  neareet  the  carve  traced  ont  by  the  thermonieter  at* 
tached  to  the  barometer  and  by  the  free  thermometer  ezpoaed  to  the 
outer  air.  Hence  the  cause  of  the  deviation  was  not  to  be  looked 
lur  in  tlie  effect  of  temperature  on  the  foundations  or  on  the  massive 
transiL  piers,  but  li  smaller  parts  more  readily  affected,  such  as  the 
metallic  mounting.  These  were  accordingly  examined.  In  the 
aaimiithal  Y«  the  conitniction  was  found  to  lie  much  aa  ninal,  but 
the  artiat  haa  adopted  an  adjustment  for  the  vertical  Y»  which  aeama 
liable  to  «ispicion«  There  are  two  vertical  screws  applied  from  be* 
low  ;  one,  pushing,  on  the  north  side  of  the  middle,  and  t!ic  other, 
pulling,  at  the  south  side.  The  Y  is  prevented  from  turning  in  a 
vertical  plane  by  jamming  horizontal  screws,  which  press  a  j)late 
ngainet  the  north  face  of  the  Y  so  as  to  bring  the  whole  tightly 
igainat  a  atopping-piece.  which  blocha  the  aovth  foce.  Frefcaaog 
Smyth's  present  opinion  ia>  that  the  effect  of  expansion  on  the  two 
screws,  w  hich  are  in  contrary  states  of  constraint,  is  to  alter  the  ad- 
justment ;  certainly  the  arrangement  looks  unmechanical.  In  the 
ordiuai  v  mode  of  construction,  in  thi^  country  at  least,  the  elevating 
Y  is  either  raised  hy  one  central  screw,  or  by  two  screws,  one  on 
eadi  aide  cf  the  eeirtves  invrideheaaeadrnwing-acrewmavbephtfed 
at  the  centre.  There  ia  tfans  no  tendency  to  twist,  and  the  side* 
pbtee  which  confine  the  Y  lateral^  have  to  exert  little  restraining 
force.  Professor  Smyth  has  communicated  with  MM.  Repsold,  the 
makers  of  t!iis  maguiticent  instrument,  and  is  awaiting  their  reply 
before  adopting  any  remedy  f. 

•  Some  years  ago,  Professor  J.  D.  Forbes  had  four  thermometers  sunk  in 
the  rock  with  their  bulb«  at  the  d^tbs  of  ^4, 12,  6,  3  French  feet  and  a 
fifth  on  tiie  snrfoce  mersly  ooveieu  with  sand* 

t  Sudden  and  lawless  changes  in  azimuth  forbid  independent  determina- 
tions of  the  azimuthal  deviation  (which  are  also  the  best),  viz.  from  the 
consecutive  sen>id>uraai  transits  of  circumpoUr  stars.  The  |>os$es9or  of  an 
imperiiMtly  monniad  imlninwnt  most  eootent  hinndf  with  amuninf  the 
fundamental  places  of  his  close  circurapohur  ttan,  and  detennine  his  azi- 
muthal error  from  ench  of  them.  This  will,  with  proper  ruution,  be  found 
quite  sufficient  iur  objects  not  too  near  the  pole,  especially  when  the  clock- 
error  Stan  are  pretty  nnmefoiu*  and  atoated  above  and  Wow  the  diject 
to  he  delefnnaed* 
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LXXVIII.  JnteUtgenee  and  MUeeUanum  AttieUi. 

ON  0SMIA31IC  ACID.     BY  MM.  J.  FRITZSCHE  AND  H.  STRUVE. 

WliEN  cuuiitic  ammooiii  \m  added  to  a  aoiutiua  of  osmic  acid  in 
tatoem  of  potash,  the  deep  orange  colour  of  the  liquid  beeomea 
rapidly  a  bright  yellow,  and  a  new  salt  is  produced  and  aepaiated, 
titber  immediately  or  by  evaporating  the  liquid  at  a  gende  haat, 

which  is  a  vellow  rrv?tallin(»  powder. 

The  formation  of  thi.^  ik'\s  coinpomid  clrtes  not  necessarily  depend 
on  the  presence  of  potasii  or  any  otiicr  oxide,  but  uniformly  upon 
Hat  of  ammonia  $  the  ammoniaeal  aalt  is,  however,  auljeet  to  altera* 
tion,  and  decompoaes  during  evaporation.  It  it  better  therefore  to 
cause  a  basic  oxide  to  intervene. 

M .  Gerhanlt  remarks  that  the  formula  of  the  osminmates  which  the 
authors  have  given  requires  ocnrectioa :  they  agree,  he  states^  with 
the  formula  OS,     N  (M). 

The  properties  of  the  oemiamates  are  as  follows :  they  decompose 
by  heat  with  explosion;  and  several  of  them  undergo  tiie  tame  de- 
composition when  struck.  Among  the  products  of  tfaie  decomposi- 
tion fire  metallic  o«mitnn,  an  osmiatc,  or  a  less  oxyg^enated  osmic 
coni])ouDd.  Protosniiiiniute  of  mercury  volatilizes  without  explosion* 
when  heated  quickly  ;  and  it  diifut^;8  a  strong  emell  of  osmic  acid. 

Osmiamic  acid  can  be  obtained  only  in  solution  in  water.  In 
order  to  prepare  it,  oamiamate  of  barytas  ia  to  be  eantioBsIy  decern* 
posed  by  sulphuric  acid,  or  recently  prei)ared  and  racist  oemiamate  of 
silver  is  to  be  decomposed  by  dilute  hydrochloric  acid.  After  fil- 
tration a  bright  yellow-coloured  solution  is  obtained,  which  may  be 
preserved  for  several  days,  if  it  be  sufficiently  dilute;  on  the  other 
hand,  if  too  concentrated,  it  becomes  brownisb  and  decomposes  with 
the  disengagement  of  gaa,  osmie  add  ia  set  free,  and  a  bladi  noa* 
azploaive  aubttanoe  is  deposited  which  containa  oamium. 

The  same  metamorphoaiaoeoura  when  the  weak  add  ia  evaponted 

over  snlpbnnr  ncid. 

O^iunamu  ik  id  not  only  expels  carbonic  acid  from  carbonates, 
but  also  decomposes  chloride  of  potassium.  In  fact  crystals  of  os- 
miamate  of  potash  are  obtained,  if  a  cryttal  of  chloride  of  potniainm 
with  a  drop  of  solution  of  nemiamio  add  be  expoeed  to  evaporation 
on  a  strip  of  glass. 

Zinc  dissolves  in  solution  of  osmiamic  acid,  with  the  evolution  <rf 
a  little  g"as  part  of  the  acid  is  decomposed,  and  the  zinc  is  covered 
With  a  very  udiiereat  black  deposit,  and  liuccuii  appear  in  tiie  lii^uid 
which  possess  the  odour  of  osmio  add.  When  all  the  undecompoted 
add  la  saturated  with  zinc,  the  metamorphosis  ceases. 

In  the  cold,  acids  dn  not  decompose  oamic  acid  or  the  osmiamates : 
sulphuric,  nitric  or  hydrochloric  arid  m^v  be  added  to  their  solutions 
without  inconvenience  ;  but  decomposiition  readily  occure  when  beat 
is  applied,  and  it  is  rendered  apparent  by  the  disengagement  of  osmic 
acid  and  by  the  brown  colour  of  the  liquor ;  the  products  vary  ac<- 
eonling  to  the  nature  of  the  add  employed. 
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ObdUmmUm  are  obtained,  either  directly  by  the  action  of  osoiie 
acid  on  a  solution  of  bases  in  nmmonia,  as  the  salts  of  potash,  zinc, 
and  pilver,  or  by  precipitatin-  ih-.'  j  itnsh  iialt  by  BWlailip  salts,  or 
by  decompc»iag  the  silver  salt,  by  ciilondes. 

MM.  Fntiidie  and  Stmve  have  stated  that  ihasa  salts  yisld  n» 
hydrogen  by  analysis.  In  two  eKporimente  tlie  potash  salt  ga?a  bj 
combustion  with  oxide  of  coppar  only  0*072  and  0  033  of  bydfogens 
whereas  0*34  are  required  for  one  equivalent  of  hydrogen. 

The  osmiamatea  undergo  an  interesting  decomposition  by  the 
action  of  hydrochloric  acid.  The  products  vary  according  to  the 
eonoentration  of  the  add«  If  the  potash  salt  be  sprinkled  with  con- 
oentrated  add,  analgetic  action  immediately  ensues,  accompanied 
with  the  disengagemant  of  ohlonna  and  probably  of  its  oxide :  the 
hydrochloric  acid  assumes  a  fine  puri)le  tint,  and  the  crystjds  of 
osmiamate  of  potash  are  covered  with  a  cru«t  of  small  red  crystals  of 
two  different  kinds ;  if  the  salt  employed  be  powdered,  and  the  action 
of  the  hydrochlorio  acid  be  long  enough  continued,  all  the  oaouamate 
iiadefgoea  tiiis  change;  the  natnie  of  which  the  anthora  haiva  not 
hitherto  succeeded  in  explaining. 

If  clil'ife  hydrochloric  acid  be  added  to  a  solution  of  osmiamate  of 
potash  saturated  cold,  no  drcnmposition  occurs  at  common  tempera- 
tures, the  metamorphosis  takmg  place  only  at  a  higher  temperature. 
It  is  then  more  complicated,  the  liquor  temporarily  assumes  a  red 
and  brown  tint,  and  soon  emits  a  smeU  of  osmic  add,  which  is 
abundantly  disengaged  as  soon  as  the  liquor  is  heated  to  drallition. 
If  the  solution  be  evaporated  to  the  crystallizing  point,  as  soon  as  it 
ceases  to  emit  o'iraic  acid,  a  mixture  of  salts  is  obtained,  among 
which,  as  showii  by  the  microscojie,  arc  hexagonal  g;reen  tables,  green 
needles,  and  another  red  salt,  6lc.  These  saltt>  appear  to  be  decom- 
posed by  water,  Ibr  they  were  not  ohtainable  oy  solution  and  re. 
fayatBUixatum-^oira.  «b  PA.  if  ds  CSI.,  Oetdbie  1847. 


OH  THE  PfiXPARATIOIf  AND  FR0FBRTIX8  OF  80MB  08MIA- 
MATES*    BT  MM.  TEITZSCHB  AND  8TRUVB. 

Osmiamate  qf  Potash. — This  salt  is  best  prepared  by  dissolving 
ablid  osmic  acid  in  a  concentrated  sohition  of  caustic  potash^  wi£ 

tiie  addition  of  ammonia  during  the  agitation  of  the  mntore*  The 
solution  becomes  of  a  bright  yellow  tint,  and  the  osmiamate  of  potash 
is  deposited  in  the  state  of  a  yellow  granular  powder.  The  product 
of  the  disUiiation  of  o>>mic  liquors  may  also  be  directly  passed  into  n 
solution  of  potaiii),  coutainiug  ammonia  and  properly  cooled ;  um 
simoltaneoQs  distillation  of  nitroaa  vapours  must  be  carefiiUy  avoidedt 
as  they  would  decompose  the  osmiamate  of  potash. 

In  both  cases,  the  mother-water  wlii<  1>  hiis  deposited  osmiamate 
of  potash  is  to  be  e%*nporatcd  with  a  gentle  heat ;  carbonate  of  pot- 
ash may  be  used  iM!«tead  of  rau-tlc,  but  not  so  advantageously  ;  the 
osmiamate  of  potash  is  tu  ha  dibiiolved  in  a  very  ismaU  quAotily  of 
bdlins  water }  on  cooUng  the  soluti(m  yields  small  cryitUs  of  tfa« 
salt  Ota  lemon-ydlow  cowur ;  tiiese  crystals  we  of  ooqaidenbl^  mm 
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when  prepared  from  a  cold  saturated  solution  hy  spontaneous  evapo* 
ration,  their  form  being  nn  acute  octahedron  with  a  square  base. 

Osmiamate  of  poUish  is  much  less  soluble  in  alcohol  than  in  water; 
it  dissolves  without  alteration,  and  decomposes  but  very  little  when, 
tiie  lolotion  it  mponted;  it  oontaint  no  water  of  ctyitriliwtkw  s 
it  may  be  heated  to  9S6^  F.  mthimt  deoomponug,  but  it  becomes 
brownish  and  is  npMly  deoompOMd  at  a  biglwr  tenpentae,  witii 
violent  projections. 

This  salt  yielded  by  analygi? — 

Osmmm    ,   67-900 

Nitrogen    4-126  4*890 

PotHah   16126 

M.  Gerhardt  gives  as  an  amended  formula  OSO'N(K). 

Osmiamate  of  Sn«h  is  best  ohtnined  from  the  silver  salt  and  chlo- 
ride of  sodium  ;  tiie  crj'stals  are  j  i  i«matic,  contain  water  of  cryattl* 
lization,  and  are  very  i^ulublc  in  water. 

OtmimaU  tfAmmmm  is  prepared  in  tbe  aame  maiiaar.  it  fonaa 
large  anbydrouB  crystals,  whieb  appear  to  be  isomorphoiii  with  tbe 
aalt  of  potash ;  at  258°  F.  it  decomposes  wttb  ezploaMm,   Xbii  salt 

is  verv  soluble  in  ■wnfcr  anrl  in  nlrohdl. 

Osmiamate  of  Uarytes  readily  crystallizes  in  yellow  brilliant  needles 
of  several  lines  in  length.  This  salt  is  readily  soluble  in  water*  and 
explodes  at  abont  30^  F,   It  yielded  by  analysia^ 

Barytas   98*88 

OsEoitun  61*07 

Nitrogen   4 '269 

the  forTnula  according  to  M.  Gcrhardt  beinir  OSO''N(Ba). 

Osmiamate  of  Ammonia  and  Zinc  ia  obtained  cither  hv  dissolving 
osmic  acid  ia  a  solution  of  a  salt  of  zinc  in  caustic  ammoaia,  or  by 
mixing  a  solution  of  osmic  add  in  amnkonia  witb  tbe  solation  of  % 
salt  of  tine.  A  yellow,  bngbt  crystaUine  powder  is  soon  deposited* 
which  is  deprived  of  tbe  mother-water  by  washings  with  ammonia. 

This  compound  is  very  permanent ;  it  may  be  dried  in  the  air,  and 
remain?  without  losiiit;  ammonia.  It  is  nearly  insoluble  in  ammo- 
nia, water  decomposes  it  even  when  cold ;  when  boiled  in  water  it 
is  completely  decomposed  with  the  deposition  of  oxide  of  zinc,  tbe 
disengagement  of  balf  of  its  aaunonia,  and  yielding^  osmiawate  of 
ammonia.   Formula  aceoidtng  to  M.  Oerhardt  OSO^N(Zn).  SNH'. 

Osmiamate  o  f  Lead. — A  solution  of  nitrate  of  lead  is  not  precipi- 
tated by  a  concentrated  solution  of  ocmirininte  of  potash  ;  after  some 
time  some  cry!>tais  are  however  tuiincd,  which  are  not  sufficiently 
staole  for  examination.  A  solution  of  acetate  of  lead  gives  with  tiie 
solution  of  tbe  osnuamatcs  a  non-crystalline  inedpitate,  wUcb  Is  at 
first  of  a  dirty  yellow  colour,  but  it  soon  becomes  of  a  porple  tint 
with  the  extrication  of  osmic  acid. 

If  a  solution  of  chloride  of  lead,  or  a  solution  of  nitrate  of  lead  with 
the  addition  of  hydrochloric  acid,  be  added  to  a  solution  of  osmia- 
mate of  potash,  a  yellow  cry&taiiiue  precipitate  is  soon  obtained,  which 
the  authois  consider  to  be  a  oompoand  of  equal  equivakntaof  chkfida 
and  ONniamate  of  lead* 
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aotcrfatdHne,  uid  »  hMofaible  uiwtt«r ;  m  peiiMBiiiamIt  of  mer- 
CQiy  formi  prismatic  crystals. 

O.^hmrrfr  nf  SUvrr  i?  obtained  directly  by  di??olvin^  o?5mic  acid 
in  an  iimmoniacal  solution  of  a  salt  of  silver,  nnd  afterwards  super- 
saturating with  nitric  acid.  It  may  also  be  obtained  by  adding  to  a 
lolutioii  of  osmso  acid  in  ammonia  nitric  add  in  excess  at  first,  and 
tiien  a  lalt  of  nhor.  It  may  alio  be  preparod  by  double  deoompo* 
ntion  with  the  salts  of  silver  and  soluble  osmiamates. 

Osmiamate  of  silver  is  a  crystalline  powder  of  a  lemon>yellow 
colour ;  it  is  verj'  gHrrhtly  soluble  in  water  and  in  cold  nitric  acid, 
more  soluble  in  ammonia,  and  may  be  combined  with  it.  It  mav  be 
dried  in  the  dark  without  blackening,  in  vacuo,  over  sulphuric  acid ; 
eventaaDy,  bowever,  it  tnibfa  docompoBhSon,  and  then  eiTca  out 
omic  acid ;  at  176^  F.  it  deeooipoaea  iuddonly  and  witb  ndent  de- 
tonation ;  it  is  also  decomposed  by  percussion,  and  likewise  when 
sulphnrcttpd  hydrogen  i«  ])as9Pd  over  tho  dried  salt;  nitric  acid  de- 
composes It  readily  wheji  heated  ;  tbe  lujuui  tirst  acquires  a  brown 
tint,  and  gradually  becomes  coiuuiie^^s  witii  the  disengagement  of 
oamioaotd. 
This  salt  yields  by  analyiiB — 

Oxide  of  siher . .  32  08      82^)00  82*18 

Osmium    55*011 

M.  Gerhardt  gives  as  its  formula  OSO^li(Ag)^--~Jouru,  de  Pk,  tt  de 
Ch„  Octobre  1847. 


OH  8Ul«PUATO-Ci]I.oinnE  of  copper, — A  N£W  MUiS&AIr* 

BY  ARTHUR  CONNELL,  ES^* 

This  mineral  occurs  in  small  but  very  beautiful  fibrous  crystals,  of 
a  fine  blue  colour,  which  is  pale  when  the  fibres  are  delicate,  but 
much  deeper  when  they  become  somewhat  thicker.  Their  form, 
according  to  Mr.  Brooke,  is  a  bexaeonal  prism  wiUi  tiie  edges  re« 
placed,  tbua  belonging  to  tbe  rbombobednl  system.  Tbey  possesa 
considerable  translucency,  and  liave  a  vitreous  lustre.  On  account 
of  the  small  qnantity  iv}iich  he  possessed,  Mr.  Council  was  unable 
to  state  the  specitic  L-^r  ivit\ ,  liardness,  or  h  u  ture.  Their  locality  is 
ComwalL  Mr.  Brooke  is  aware  of  the  existence  of  only  a  very  few 
spedmens  of  tbe  mineral :  one  is  in  the  British  Museum. 

like  atacamite,  tbis  mineral  oolonn  tbe  Uowpipe  flame  as  wdl 
aa  tbeannple  flame  of  a  candle,  of  a  fine  greenisb^blue,  indicating  the 
presence  of  chloride  of  copper.  Reduced  to  powder,  and  mixed  in 
sufficient  quantity-  ivith  charcoal  pow  lcr.  nnd  then  heated  in  a  close 
tube,  it  gives  dtcided,  although  not  strongly  umiked,  indicarions  of 
tiie  presence  of  sulphuric  [[sulphurous  ?3  acid  by  the  smell,  and 
partial  bkacbing  of  Brazil  wood  paper,  tbe  lemainder  of  tiie  paper 
being  reddened,  doubtless  by  muriatic  acid  vapours.  Alone,  in  the 
close  tube,  it  yields  a  little  water,  and  other  appearances  resembling 
tho«e  afforded  by  atacamite.  Heated  aloTie  on  charconl  before  the 
biowpi|>e,  it  decrepitates  strongly ;  but  when  previously  deprived 
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and  moistened,  and  heated  oft  cwooal,  it  gives  no  traces  of  artenioj 
although  nf^enlate  of  copper  is  H»soriated  wttli  it  ill  tiM  9p9nWfn^ 
The  r^tiidiie  i&  a  c^k  reddish  slag  or  globule. 

The  crystals  are  not  soluble  in  boiling  water,  but  dissolve  entirely 
and  prttty  readily  in  nitric  or  muriitio  acid,  especially  by  the  aid  q£ 
a  gtoAm  heat.  The  aolntioM  hum  tlio  o6km  hal«wyiig  to  coppor 
•QtUtioQa  I  tad  in  the  act  of  dissolving  a  yery  £nr  MlblM  of  ga« 
may  be  observed  to  rtri?e,  indicating  probably  the  presence  of  a  rai- 
nwte  quantity  of  carbonate.  The  solutions  yield,  with  bary tic  salts, 
a  white  precipitate  insoluble  in  acidic ;  and  the  nitric  solution  gives, 
with  nitrate  of  silver,  a  white  and  curdy  precipitate  insoluble  in  acids 
or  v^jter,  taut  aohiblo  In  maioiin.  Ammonm  la  oxeeaa,  added  to 
the  origliial  acdiitioii,  gim  tiio  fiaa  deep  blue  of  copper. 

These  appearances,  in  conjunction  with  the  blowpipe  reacUom* 
are  sufficient  to  phow  tliat  the  constituents  of  the  mineral  are  sul- 
phuric acid,  chlorine,  copper,  and  a  little  water;  but  Mr.  Conuell 
had  not  sufficient  of  the  mineral  to  detenu  lue  tiie  proportions  uf  its 
eonititoenti*  The  chloride  is  apparently  roore  abundant  than  the 
sulphate.— Jameeon'a  Jnama!,  October  1847. 


OK  THE  FORlf ATION  OF  TALEBIANIC  ACID.    BT  M.  THERAULT. 

The  author  remari^s  that  it  has  been  long  known  that  the  uii  of 
potatoes  yields  valerianic  acid  under  the  influenee  of  the  ceiietie  alhn* 
lies;  end  it  has  also  been  stat^  that  the  oil  of  valerian  gave  analogoue 
results.  M.  Therault  thought  it  would  be  an  interesting  eofajeet  of 
inquiry  to  determine  in  what  manner  thi.«  trni^sformation  occurs,  nnd 
whether  it  is  complete  or  only  partial ;  and  in  the  latter  case  to  ex- 
amine into  the  nature  of  the  non-acidifiable  product ;  whether  the 
alkalies  directly  produced  a  true  chemical  reaction  on  the  elements 
of  the  OH;  end  lastly,  whether  the  interventioii  dfof^efoate  is  not 
requisite  to  effisot  the  transfionnatUm. 

In  order  to  resolve  these  ques^ns,  the  following  experiments  were 
performed,  care  being  taken  to  operate  with  oil  pofeotly  deprived  of 
any  trace  of  acid. 

1.  A  portion  of  oil  was  mixed  with  distilled  water,  and  divided 
Into  two  parts,  one  of  which  was  exposed  to  the  contact  of  the  air. 
and  the  other  put  into  n  bottle  to  prevent  Its  actiQii. 

2.  Another  portion  of  the  oil  was  mixed  with  caustic  potash,  per- 
fectly dry  and  reduced  to  powder*  and  divided  as  in  the  pvocediiy 

experiment. 

3.  A  mixture  wa*  prepared  uf  six  parts  of  oil  and  thre  e  ts  of 
potash,  ^reviouiily  dissolved  in  one  part  of  waterj  and  the  mi^kture 
was  divided  as  in  the  foregoing  experiments, 

lite  following  observations  were  ntade  on  these  mixtares.  After 

the  contact  of  a  month,  that  portion  of  the  mixture  of  the  first  ex- 
periment which  had  been  submitted  to  the  action  of  the  air,  had 
become  sensibiy  acid  ;  in  the  second  portion  no  cliange  had  occurred. 
In  the  second  ex|icriwgat  no  eensihle  trace  oi  valerianic  acid  wm 
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Circtirostances  were  quite  diflFerent  bi  the  third  experiraent.  The 
mixture  had  hardly  been  made  when  it  becHme  of  the  consistence  of 
honey,  and  of  a  red  colour  of  cooaiderable  intoiiiiity ;  pttrfyot  saponi- 
fioMion  might  be  auajj^ected.  M.  BoatMft  bad  jprevioualy  remarked 
tiui  tfitiftii  of      ifBHttlft  il^nl'ip  OD  lOBO  MMBliil  oili.  ud  bid 

^^^^^^^  ^^^^^^^^^^  ^^i^w    ^n^vm^^^vp    ■■■^^^■■•^^w    ^^Bv   ^^Hv^^qvv     ^^^^^^^Hv^^^^^v    ^^a^Hvy  ■■^•^f 

proposed  it  as  a  means  of  distinguishing  mixtures  of  them  ;  und  hm 
noticed  the  partial  combination  of  the  oil  of  valerian  with  soda.  Thii 
fact  might  induce  the  belief  that  this  oil  was  a  substance  of  a  com- 
plex nature ;  M.  Therault  is,  iiuwever,  of  opiuiou  that  this  is  not 
the  case,  but  that  the  observation  of  M.  Bonastre  was  derived  from 
li«  diwatMiee  ol  tlM  oO  wUeK  1m  eaployvd  •ontdning  vakriuie 
■Old,  wUoh  would  eiplain  in  tlus  ease  the  partial  combination  iritdl 
soda.  The  author  attentively  examined  the  nature  of  this  mixture : 
it  was  perfectly  honK)2:pneou9,  and  compnniblp  to  crotonic  sonp. 
Treated  with  water  and  suffered  to  remain  undisturbed,  the  oil  soon 
collected  on  the  surface ;  it  waa  separated,  and  the  filtered  liquor  waa 
nehDtled  with  tioclie  wid.  HoMBiibto  tneaof  oflivwnpiodwMd« 
nor  was  the  fornuitloB  of  valerianic  ftflid  dttaeled ;  it  waa  thtrtfeii 
certain  that  no  chemical  action  had  occurred ;  and  the  name  of  com* 
hi  nation  given  to  this  mixture  appewt  to  the  author  to  be  ImprofMp 
under  thej^e  circumstances. 

M.  Therault  relies  upon  this  last  fact  as  corroborating  the  result 
ef  tfaetUidexp«rfaciit.  Tl»  porthm  of  ti»  ailitiiyi  ke|rt  Iww  tiw 
emtMA  of  Uie  air*  underwent  no  change  of  properties  aftor  ooo 
VMmtibi ;  no  oombiiiation  had  occurred  between  the  oil  and  the  pot- 
ash :  no  vakriiine  Mid  was  formed,  or  at  any  nte  no  appraeiable 
quantity. 

On  the  contrary,  that  portion  which  had  been  exposed  to  the  action 
of  tiie  air  oontamied  vaicmnie  odd,  in  nimito  qiunititv  certainly, 
but  ifcWM  i^ipcoeialilo:  the  matter  waa  al«iitl]r  deooloflxed. 
TIm  ifltfon  of  the  air  waa  allowed  to  oontiinue*  end  inr  MS  months' 

exposure  nearly  the  m  HoIo  of  the  oil  had  disappeared,  and  the  mix- 
ture was  almost  entirely  decoiorized,  a  slight  amber  tint  only  re« 
mainiog. 

The  decoloration  oesurrsd  nearly  In  dooet  proportion  to  the  quan- 
tity of  acid  Ibnned:  the  aotion  of  the  air  wis  however  eonthmedt  le 
ascertain  whether  the  whole  of  the  oil  could  be  addified;  the  opera* 

tion  required  nearly  six  months,  but  it  was  then  complete ;  the 
mixture  had  n^«umcd  the  aspect  of  white,  slightly  grumous  honey; 
well-defined  crystals  of  valerianate  of  pota&h  had  formed,  and  were 
dispersed  throughout  the  mass.  It  waa  covered  with  a  8olutu>n  of 
this  salt  and  of  potaeh,  without  any  tiaee  of  oil. 

It  may  be  oondnded  from  the  experiments  detailed,  that  valerianio 
acid  does  not  pre-exist  in  valerian  root ;  that  it  is  entirely  the  pro- 
dnrt  of  the  oxidizcment  of  its  oil;  that  this  oxidizemrnr  is  due  to 
tlu  i)Xv«T«  n  of  the  nir  ;  and  that  water  and  ihe  causUt  alkciUes  greatly 
facilitate  this  oxidi^ement.  The  author  also  concludes  that  the 
canstto  alkaUes  etcrt  no  direct  aotwn  on  Ihe  elenenti  of  the  oU; 
that  they  aot  only  by  the  piopcity  whidl  they  povtqi  of  finmil^an 
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intimate  mixture  'witli  the  oil.  and  eirpoeing  it  in  a  state  of  perfect 
division  to  the  oxygen  of  the  air.  Lastly,  M.  Therault  is  of  opinion 
that  oil  of  valermn  is  not  a  8ubj«tan(^  of  a  complex  nature,  and  that 
it  may  be  entirely  converted  into  valerianic  acid. 

I'liis  converaioQ  is  readily  explained.    According  to  EttUng,  the 
ibnnii]aofTalerianiea«idiiG»H»0*+H«0;  If  that  of  oU  of 
Icrian  be  C*^H*^0*,  and  if  two  atone  of  oxygen  be  made  to  mteiw 
Tene,  one  of  which  combines  with  two  atoms  of  hydrogen  to  foem 
water,  and  the  other  be  added,  we  shall  have  the  foHowiog eqoatioii s 

C»  H«  0«+20=C«»  H«  0»+H*0. 

M.  Tberanlt  finii-bes  his  memoir  with  observing,  that  the  process 
for  extracting  valerianic  acid,  proposed  by  Messrs.  Smith  of  Edin- 
burgh in  the  Journal  de  Pharmacia  for  January  last,  appears  to  be 
a  good  one  ;  excepting  that  he  would  propose  to  use  a  caustic 
instead  of  a  carbonated  alkali,  and  after  having  boiled  the  mixture,  to 
ezpuse  it  for  a  month  to  the  air.  •tirring  it  several  times  a  day ;  not 
to  subject  the  residne  topremure.  and  to  distil  with  the  root^,  which 
greatly  facilitate  the  operation.  When  afterwards  the  distilled  liquor 
has  been  saturated  by  means  of  an  alkali,  and  the  valerianate  of  pot- 
ash or  t»oda  has  been  concentrated,  it  is  essential  not  to  employ  an 
excess  of  sulphuric  acid  to  separate  the  valerianic  acid  ;  it  would  be 
better  to  leave  a  small  portion  of  the  Talerianate  nndecomposed,  fcr 
towards  the  end  of  the  distillation,  the  oiganic  matter  mixed  wUh 
the  salt  is  carbonized  and  sulphurous  acid  is  formed,  which  appeem 
to  react  upon  the  valerianic  afiid.-WiMini.  4e  PAorm.  d  de  Ckn  Sap* 
tembce  lSi7. 


NOTE  ON  THK  MEASUREMENT  OF  TIU  DOUBLE  SULPHATES  OF 
ZINC  AND  SODAj  AND  OF  MAGNESIA  AND  SODA.  BY  P&OP. 
W.  H.  MILLER. 

The  crv'^tnl'^  were  not  good  enonL''h  for  me  to  obtain  a  very  satis- 
factory result  iruiii  a  lew  observations ;  they  are  however  6uthcieutly 
good  to  show  that  they  are  iaomorphous. 

The  crystals  belong  to  the  oblique  prisnatie  system. 

Jh»  mffm  between  nonnale  to  the  fiuses  an*>lar  tiie  «iide  of 
snoMlt^ 

nn'       113^  4 
u  u'         74  12 
tlie  angle  between  a  normal  to  c  and  the 

«  e     83°  46' 

r  c     49°  54' 

The  symbols  of  the  simple  forms,  in  tlie  notation  which  1  use,  are— > 

c  001,    r  TOI,    n  110. 

u  120,    r  Oil.    s  121. 
The  faces  of  the  maguesiau  salt  are  more  irrej^nlar  than  thoi^e  of 
the  former,  so  that  I  cannot  pretend  to  determine  the  dilfereuce  be- 
tween die  angjbs  of  these  ciystalk 
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Tlie  angles  given  above  must  be  conHidered  as  rough  'approxiinu- 
tious  only.  In  a  little  time  perhaps  i  may  be  able  to  obLaiu  more 
accurate  valued  of  them. — From  ike  ProceMtgs  of  tig  Ckmktd 
Society  t  ToL  iiL  p.  891. 


VATITB  CABBONATB  OT  NICKEL. 

Tfait  new  mineral  was  exhibited  last  year  at  the  Philosophical 
Sodetj's  exhibition  in  Glasgow,  and  was  examined  at  die  time,  at 
the  request  of  Dr.  R.  D.  liuMnson,  hy  his  pnpil  Mr.  John  Brawn, 
in  the  College  Laboratory.   It  occurs  in  the  form  of  thin  green  cry- 

stalliue  layers,  on  the  surface  of  chrome  iron  ore  from  America.  It 
dissolves  with  effervescence  in  dilute  hydrochloric  acid.  The  solu- 
tion is  precipitated  black  by  sulphohydret  uf  ammonia ;  is  precipi- 
tated and  dissolved  in  excess  by  caustic  ammonia,  yielding  a  cha- 
ncteristie  coloored  sohition.  Caustic  soda  inreeipitates  the  solution 
green,  without  resolution.  It  is  accompanied,  apparently  in  union, 
by  carbonates  of  lime  and  magnesia — isomorphous  bodies.  The  fact 
of  its  occurring  oti  the  surface  of  chrome  iron,  and  having  been  mis- 
taken for  sesquioxide  of  chrome,  renders  it  probable  that  oxide  of 
nickel  may  exist  in  that  mineral  occasionally. — R.  P.  X. 


AN  EXAMINATION  AMD  ANALYSIS  OF  THE  <<NADELERZ,"  OR 
NSSDLV  ORB  07  BISKITTH.    BT.  B.  J.  CHAPMAN,  ESQ. 

The  needle  ore"  occui's  in  thiu  prismatic  crystal»,  generally  forming 
Mora  or  less  radiated  groups  imbedded  in  quarts,  at  EkatharineD* 
bttfg  in  Siberia,  the  only  known  locality  m  which  it  has  been  hitbcvto 

-  found.  The  crystals  are  too  imperfect  to  admit  of  measorement ; 
but  they  nppear  to  belong  to  the  Trimetric  or  Prismatic  8y«»tom,  and 
to  have  tor  ilie  primary  form  a  right  rectangular  prism,  or  perhaps 
wore  correctly  a  right  rhombic  one,  in  which  the  angle  MM  cloiiely 
approaches  a  iMt  aiigk. 

The  colour  m  tliis  mineral  is  da  A  sieel<fray  on  the  fractured  suf^ 
face>  but  eternally  the  true  colour  is  usually  maalced  1^  a  yellow 
trirniiih.  The  powder  or  "  streak**  is  black  ;  the  degree  of  hardness 
2*0  to  2*5,  or  l)ct\veen  that  of  rock-&alt  and  calc-spar ;  and  the  spe> 
ci6c  gravity  about  6'1. 

Before  the  blowpipe  it  fuses  instantly  and  may  be  almost  entirely 
volatilised,  forming  a  yellow  incrusfatlon  of  the  mingled  oxides  of 
lead  and  bisranth  on  the  support.  The  presenee  of  bismuth  and 
copper  may  be  ascertained  by  fursion  with  **  microcosmic  salt"  and 
a  little  tin  on  charcoal  in  the  reducing  6ame,  when  the  lead,  which 
is  ch'ar  whilst  hot,  becomes  on  cooling  of  a  irrayish- black  colour 
with  red  patcheti.  With  carbonate  of  !§oda  ou  charcoal  in  the  same 
flame^  it  forms  an  alkaline  sulphurst  The  lead  is  best  detoeled  by 
boiling  a  fragment  in  nitric  acid,  filtering,  dissolving  the  residue 
(sulphate  of  lead)  in  caustic  potash,  dilntiag  the  solution,  and  ra- 
precipitating  by  sulphuric  acid. 

This  ore  was  firet  described  by  Karsten  and  analysed  by  Joiin ; 
and  although  a  considerable  period  has  elapsed  since  the  date  of  this 
analysis,  yet,  probably  from  the  larity  of  tlie  mineral,  its  composition 


^tMligffiCf  4Mii  3^uotUittt€9ttt  AtfhUtt* 

has  been  examined  by  but  one  other  chemist,  Frick»  in  Poggondorflni 
'Annalen,'  xxxi.  p.  529. 

These  analyses  har«  gim-^ 


1.  By  JuiiD :— 

Sulphur.   11-58      0*057  3 

Bismuth    43*20      0-032  2 

Lead   24-32       0*018  1 

Copper   12*10       0K)31  2 

Nickel   1-58 

Tdhirimii   ]*S2 

Gold   0-79 


94*89 

%,  By  Friek:^ 

Sulphar  « . .  16-61  0-0826  6 

Bismuth   36-45  0  0410  8 

Lead  ,   36*05  0  0270  2 

Copper    10*59  0*0267  2 


99-70 

The  first  analysis  Joes  not  admit  oT  any  rational  formnln  :  but  if 
we  consider  the  loss,  more  than  5  per  cent.,  to  be  sulphuri  we  may 
obtain  by  a  little  latitude, 

Cu«S  +  PbS  +  Bi«SSor2|^^}  +Bi«S?, 

a  fomok  tMlogovt  to  th«tef  tho  hobdilte  from  UfttB  hi  9w«dea^ 
•iiBlyMd  mmI  BMDod  bf  8etterb«rg»  and  In  whioh  die  dectwwiegativie 
atoms  in  the  base  are  to  the  electro4iflgatil"e  HoniB  ia  the  SM  at  % 
to      Tho  feUowhig  it  Its  formula:— 

The  second  analysis  yields  also  but  an  inexpressive  and  unsatis- 
iiMtoiy  nndt  The  fomiiiii  If  toch  It  Mil  be  tefmed,  oblidiied 
flfon  It  1^* 

Ca«  8  -f-  fiPhS  +  3BiS»  or  oihenHse  Co*  S,  BiS  +  2(PbS,  BiS). 

I  have  now  to  enter  into  the  details  of  a  third  auaiysisi  executed 
Utelj  by  myself,  on  a  spedvoi  kindly  giveo  to  me  hy  Cohmel 
JaoluHiit  F^dLS.,  who  btoofht  H  with  hia  from  Russia.  The  ore 
wat  aeconipanied  in  the  qiuutz  by  minute  tnfU  of  malachite,  which, 
together  with  the  matrix,  were  carefully  nflMif«d»  by  the  aid  of  a 
microscope,  from  the  substance  analysed. 

8*38  grs.  of  the  mineral  in  powder  were  boiled  in  strong  nitric 
acid. 

A  leakiaa  of  4*99  gn.  of  sulphate  of  leed  KintUied»  aad  grt> 
of  solphuBi   The  4*92  grs.  of  sulphate  of  lead  (ohtafawd,  It  thooM 

be  stated,  after  solution  of  the  residue  in  potash  and  sabee^MBt  Ft* 
conversion)  =  S-Sf^  prs.  of  lead  and  (>52  of  sulphur. 

Carbonate  ot  ammonia  in  excess  was  then  added  to  the  clear  so- 
lution ;  and  after  remaining  for  three  hours  at  a  gentle  heat,  it  wat 
iUtoed  firom  the  pettjdlUe^  whieh  (after  Mpg  wtf  whid  irMi 


...... ^le 
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the  same  rea«?ont,  and  the  "washings"  added  to  the  original  solu- 
tion) was  dissolved  in  acetic  acid  ;  and  a  slip  ol  pure  lead  beini:  im- 
mersed iu  the  Boiutiuu,  Uie  whole  was  covered  up  immediately  and 
•ttflteedtottaiidforfbiirlioiift.  Thetlipof  lead  weiglwd  SMS  gmi 

The  four  houn  liaving  elapsed,  the  lead  was  taken  from  the  solu- 
tion, and,  after  separation  of  the  precipitated  bismuth,  dried  and 
weighed.  Tt  weighed  19*21  grs. :  lo««,  3*42  grs.  On  the  addition 
of  sulplnu  ic  acid,  5*03  gi-s.  of  sulpliaU'  of  lead  were  obtaiiu  J,  winch 
are  equal  to  3'4e'S5  of  lead  ;  aad  this  amount  correfipondiag  nearly 
witli  tha  loH  in  tiie  melallio  precipitant,  the  whole  of  tbo  htd  me* 
sent  in  the  mineral  may  be  oonaidend  to  heYo  been  oonverled  inito 
PbO,  SO'  by  the  first  operation. 

The  bismuth  precipitate  was  washed  with  cold  distilled  water 
(which  had  been  boilpd),  dissolved  in  nitric  ncid,  and  again  thrown 
duwii  by  carbonate  oi  ammonia*  Tiie  uxide  ul  bismuth  wt^ighcd 
MO  grs.,  equMeiil  to  M8  gNb  of  Uimoih. 

To  the  original  aolotioD  (cootainiDg  carbonate  of  ammonia)  a  few 
drops  of  ammonia  were  added,  and  it  was  then  gently  evaporated 
until  the  ammoniacal  odour  wn«  entirrlv  destroyed.  Solution  of 
potash  was  then  added,  Rrul  tli<'  whole  boiled.  The  black  oxide  of 
copper,  weU'Washcd  with  hut  water,  ignited,  and  weighed  in  a 
oovtred  eraeible»  eame  to  1*81  grs.,  an  wnootit  equal  to  1<O0  of 
topper. 

Ftnaliy,  chloride  of  barium  was  added  to  the  potash  solution, 
which  proi laced  a  precipitate  of  sulphate  of  baryta  weighing  5*7*2 
grs.,  an  amount  corresponding  to  0*79  of  sulphur.  The  whole  of 
the  sulphur  present  in  the  mineral  was  therefore 

l\->7  grs.  (0-52  +  0-26  +  0^9). 

The  following  table  exhibits  tiie  above  analysis  and  its  atomic  de- 
ductions > 


Lead. . 
Copper, 


Pereeal. 

AtoBile 

1-^7 

18-78 

0-0935 

3  or  18 

2-33 

27-93 

0*0316 

1  or  C) 

3-36 

40-10 

0-0309 

1  or  6 

1-05 

12-53 

0-0317 

1  or  6 

8*31 

99-84 

8Ca«  8, »  8*  +  2(3PbS,  Bi»  8«). 

This  formula  is  identical  with  liuit  ui  the  bournonite  (from  the 
analyaes  of  H«  Rose^  SmiCbson,  &c.),  substituting  only  Bi^S*  for 
8b«S>,  as  below:— 

Booroonite  =  8CuftS,Sb«S*  +  2(3PbS,  Sb«  S"). 
In  each  ore,  the  electro-negative  atoms  in  the  basic  compounds 
are,  to  tin-  electro-negative  atoms  in  the  acid  eonipoundS|  as  1  to  1| 
as  ex|tressed  in  the  accompanying  general  formula 


rcu^si  ,  rsb*sn 


As  the  bournonite  cnrstaliues  abo  in  the  same  system  as  the 
Beetfle  oto»  and  indeed  alreets  piobably  tbe  Mune  prinaij  ftMrm  wHhia 
okiee  raeasorenentst  tbe  leomorphooe  teMonebtp  of  tnew  ndneiali 
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Mo»t  English  miucralogiitts  give  a  right  rectangular  prit^m  for  the 
primary  form  of  the  boaraonite ;  but  Dufr^Doy,  in  his  recent  Treatise, 
vot  Ki.  p.  18,  after  an  exainiitation  of  numerous  crystals,  considers 

a  right  rhombic  prism  in  which  the  angle  MM  =  OS*'  40'  to  be  the 
correct  primary  form.  The  modified  rectangular  prism  in  %vhich 
the  bournonite  u-^ually  occurs  is  in  this  light  a  secoiuiary  torni,  de- 
rived frooi  the  primary  by  the  replacement  of  its  lateral  edges  by 
the  planes  g'  h*  in  the  notation  of  Hany* 

The  specimen  of  the  needle  ore  which  furnished  the  atiove  ana^ 
lysia,  exhibited  here  and  there  in  the  quartz  transverse  rhombic 
sections,  in  which  an  accustomed  eye  might  rnsily  perceive  that  the 
obtuse  angle  was  included  between  90°  and  lOO^. 

I  could  not  detect  in  this  specimen  the  presence  of  tellurium, 
found  by  John  in  the  needle  ocet  it  is  however  perfectly  conceivable 
that,  under  certain  circumstances,  a  portion  of  the  PbS  may  be  re> 
phused  by  FhTe^Fram  Me  Ckmdeal  Gtuettefir  Seftemier  i,  1847. 


ACmOM  OP  AVHYDROVS  PHOSPHORIC  AGIO  ON  AMMONIACAL 

SALTS.    BY  M.  DUMAS* 

The  author  finds  tiiat  when  anhydrous  phosphoric  add  is  made  to 
leact  upon  crystallized  acetate  of  ammonia,  there  distils  a  liquid  the 

fixed  boiling'-point  of  which  is  170*^  P..  and  which  is  miscible  with 
water  in  all  proportions.  When  purided  by  digestion  with  a  saturated 
solutiuQ  of  chloride  of  calcium,  and  then  distilled  from  solid  chloride 
of  calcium  and  from  magnesia,  it  still  poflseaaes  the  boiling-point 
above  mentioned. 
Analyaie  gave  the  following  numbers : — 

Experiment.  Calculation. 

Carbon   57-4  58-5 

Hv'droj-en   7*4  7*3 

Nitrogen   84*4  34-2 

99*2  lUUU 

The  density  of  the  Tapour  gave  the  number  1'45.  Tht  above 
results  lead  to  the  very  simple  formula  G*  N,  which  difiSers  from 
acetate  of  ammonia  by  four  equivalents  less  ol  water.  Its  composi- 
tion is  similar  to  that  of  nitrogurct  of  acety^Ie. 

But  a  point  of  view,  which  the  reactions  will  warrant,  would  give 
to  this  substance  the  following  rational  formula.  NH,  C  *  H^,  which 
would  make  hydrocyanate  of  methylene  of  it,  or  an  isomeric  of  it. 

The  reactions  i^ch  have  been  examined  gave  rise  to  some  curious 
pbisnomena.  Thus  solution  of  potash  at  a  boiling  heat  disengages 
ammonia  and  regenerates  acetic  acid  ;  chromic  acid  h  i-^  no  action  ; 
nitric  acid  is  not  decomposed  by  this  liquid  even  when  heated  to 
ebullition.  Potassium  acts  vividly  in  the  cold,  and  with  the  disen- 
gagement of  heat :  cyanide  of  potassium  is  formed,  and  an  inflam- 
mable mixture  of  free  and  carburetted  hydrogen  gases  is  evolved. 

It  is  wdl  known  that  M.  Fehling  obtained  a  substance  of  analo- 
gous composition  to  that  now  described  by  distilling  benzoate  of 
auiinonia  with  a  naked  fire  :  he  did  not  however  attach  to  the  dis- 
covery the  views  which  have  been  now  developed,  uor  did  he  study 
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ite  reactions.   M.  Dunuw  proposes  to  examine,  under  the  new  point 

of  view  described,  the  action  of  anhydrous  ])hoAphorie  aoid  on  thtt 
ammoniacal  salts  formed  by  the  volatile  organic  acids. 

M.  Dumas  reraarks  that  if  the  product  which  he  ha-  (jl>t;iiiii  d 
shuuiii  cuuiititute  a  compound  identical  wilk  hydrucyaimte  uf  tuutiiy- 
lene,  all  these  ammoiuaical  aalti,  tneted  in  llie  samemanner,  should 
yield  atfaere  eomi|Kmdiiig  to  certain  aloohob,  aeoording  to  the  ge- 
neral  formula — 

C'»H'»0^  NH»=C"H— »  N=C«-2»H— «,  C^NH. 

In  decomposing  the  latter  by  potash,  there  might  he  produced 
Ucohol  C"~*H'*~',  2HO,  and  prepared  by  this  method,  all  the 
alcohols  from  the  fatty  adds. — Com^tea  Rendus,  Septembre  13, 1847. 

MBTSOMliOOIOAL  OBflBBTATIONS  VOB  OCT.  1847. 

rUiiiiii    (IfMm  1  fTsij  rliTiiilj    2.  Cloudy.   3.  L^ttdondstiid  Imi 

overcast.  4.  Fo^zv  •  finr.  5.  Fine  :  light  clouds  :  clear  .it  night.  6.  Dense 
fog :  very  fine :  liahtoiog  and  rain  at  night.  7.  Fine :  rain  :  lightning  at  oiffbt : 
cImt*  8.  Very  in*.  10.  Bain.  11.  Rain  in  formooo:  clt«r  at  night. 
18.  Slight  fog  :  very  fine.  l^.  Foggy  hrtry  :  cloudy  at  night.  14.  Hazy  and 
^ztly :  cloudy.  15,  H$M}'  and  cold  :  flight  rain.  16.  Foggy :  verv  fine.  17. 
Foggy,  with  frlighl  driid* :  very  fine  18.  8l%iillbgt  ivldu  19.  BxeRdingly 
fine  :  rain.  20.  Very  fine  :  rain  at  night  21.  Rain  :  clear  at  night.  £2.  Fine. 
S3.  Densely  clouded  and  boisterous :  rain.  24.  Slight  showers.  25.  Very  clear : 
fine :  clear  ai^  frosty.  26.  Frosty :  unifimiily  orercML  27.  Fine :  rain.  28. 
Hazy  and  odUL  90.  BliMdiagly  Batb  aOi  OtaraMi  and  nUd.  91.  doady 
and  mild. 

Mean  temperature  of  the  month   52*^*14 

Mean  taoBpsntara  of  Oct.  1846    50  '37 

IVIcnn  temperature  of  Oct.  for  the  last  twenty  years   ......  50  '42 

Average  anwunt  of  rain  ia  Oct.   2*60  inchn. 

Boston.— OcL  I— Cloudy.  6.  Bdo.  7.  FfaMt  niBV.ii.  8.  Fine.  9.  Fog: 

eclipse  of  the  sun  invisible  until  three-quarters  over  :  fog.     10b  Bain  :  rain  a.m. 

11—13.  Fine.     14,15.  Cloudy.     16.  Fine.     17.  18.  Fof.     19,20.  Fine. 
-   —    -       '  "  —    .  _ 


91.  aoddy:  laltt  jum    9i»  Jno*.    99.  Chnidy:  nSnwM,    9i-^.  Fiaa. 
27.  Rain:  rain  a.m.  and  »JKi     98.  F09.     99*  Bain:  niaA.ll.    80.  Una: 
nioAOC   31.  Cloudy. 
Samdmiek  Mamtt  Orkn^^O^l,  dmn  doudy.    9.  Ooody:  ckar.  8. 

Cloudy.  4.  Cloudy :  drops.  5.  Bright :  showers.  6.  Showers.  7.  Drizda. 
8.  Drizzle :  clear :  aurora.  9.  Clear  :  cloudy.  10.  Cloudy  :  drizzle.  1 1 .  Clear : 
fog.  12.  Fog.  13.  Cloudy  :  clear  :  aurora.  14.  Cloudy: clear.  15, 16.  Clear: 
doii^y.  17.  Shoiwant  drizzle.  18.  Raia.  19.  Daiaptnia.  20. '21.  Showans 
clear.  22.  ShoutrM:  raifi,  23.  Showers:  sleet- showers.  24.  Slect-'^howers. 
85.  Clear.  Uii,  Drops:  showers.  27.  Bright:  drops.  28.  Cloudy.  29.  Cloudy  t 
Aowar  t  lightning.   30.  Smwen:niB.   31.  Bright :  cloudy. 

jlp/ittgmtk  JUamet  Dum/rie$-ihire.— Oct.  1,  2.  Chill  and  droughty.  3,  4. 
Dtill,  bitK  fidr.  5.  Fair  a.m.  :  abowezy  r.i(.  6.  Heavy  rain  a.m.  7.  Hotvy 
niii  A.if.  t  flood.  8.  T^nqamntAommM.  9,  Floa  am.  :  nia  v.m.  10.  Heavy 
rain.  11.  Fair:  rain  in  the  night  preceding.  12.  Fair  and  (inc.  13.  Fair, 
but  raw  and  cloudy.  14,  15.  Fair,  Uiough  chilly.  16.  Very  fine  clear  day. 
17.  Dollandcloody.  18.  Dull  and  doudy  :nin  rjf.  19.  Heavy  rain.  20, 
91.  Occasional  showers.  82.  Rain  am.  :  very  heavy  v.m.  23.  Rain  early 
A.M.:  fine  day.  24.  Heavy  showers.  25.  Fair :  fine  :  clew.  26.  Rain  nearly 
all  day.  87.  Heavy  rain  and  liood.  28.  F«^ :  cleared  r.  m.  29.  Fair  and  tine. 
90.  nir  a.ii.  t  bonrj  rain  r.M.   31.  Rain  awly  aja. :  daand. 

Mean  temperature  of  the  month    49*'*5 

Mean  temperature  of  Oct.  1846   «         49  '5 

Maao  taBBpanlure  of  Oct.  ftr  t«iBly4laa  yaan  49  S 

Avi  rige  rain  in  Oct.lbrt««Bly  yaan    .^.......m.........    3-56  u 

]{ lin  in  Oct.  1847    509  „ 

Phil.  Mag,  S.  3.  No.  211.  Suj^jjL  Vol.  31.  2  N 
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tact with  sulphur,  liiL 

Annular  eclipse  of  Oct.  9^  1847,  obser- 
Tation  on  the,  '^2iL 

AntimonT,  on  the  nalts  of,  230. 

Api)nratu«i,  chcinic.il,  on  some  improved 
forms  of,  156.  MX 

Arscniates,  on  a  new  test  for,  258. 

Arseuious  acid,  on  two  varieties  of,  IM^ 

Astringent  substances,  on  the  means  of 
testing  the  comparative  value  of,  l.')0. 

iVstronom y,  on  a  new  notation  for  express- 
ing various  conditions  and  equations 
in,  1 31. 

Atmosphere,  on  the  polarization  of  the, 
444. 

Aurora  horealis  of  Oct.  24^  1847,  obser- 
vations on  the,  3liiL 

Balsam  of  Toln,  on  some  products  de- 
rived from  the, 

Bancalari  (M.)  on  the  magnetism  of 
flame,  421. 

Barreswd  (M.)  on  the  dchydratioa  of 
monohydratvd  stilphurtd  aold,  HIAa 


Bath,  analysis  of  the  water  of  the  thermal 

spring  of,  h&. 
Bile  of  the  sheep,  on  the  composition  of 

the,  MIL 

Binney  (E.  W.)  on  fossil  calamltes  found 
standing  in  an  erect  position  iu  the 
carboniferous  strata  near  Wigan,  Lan- 
cashire, 2IiSL 

Birt  (\\ .  II.)  on  a  new  kit«>apparatus  for 
meteorological  observations  or  other 
purposes,  131. 

Bismuth,  analysis  of  theneedle  ore  of,  541. 

Blowpipe,  improvements  in  the  construe* 
tion  of  the  hydro-oxygon,  356. 

Books,  new,  notices  respecting,  fiT^  219. 

Braconnot  (M.)  on  the  urine  of  the  calf 
and  tbe  sheep,  13. 

Brewster  (Sir  l).)  on  the  modification  of 
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444 ;  on  the  existence  of  crystals  in 
the  cavities  of  minerals,  197. 

Bronwin  (Rev.  li.)  on  the  inverse  calculus 
of  definite  integrals,  12;  on  the  alge- 
braic equation  of  the  fifth  degree,  341. 

Brown  (J.)  ou  the  uiolybdate  of  lead,  253* 

Buchncr  (M.)  on  the  presence  of  arsenic, 
copper  and  tin.  In  the  mineral  waters 
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Bnssy  (M.)  on  two  varieties  of  arsenions 
acid,  UlL 

Caffeine  and  its  compounds,  on  the  com- 
position of,  115. 
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Callan  (Rev.  N.  J.)  on  a  new  voltaic  bat- 
tery, and  on  a  cheap  substitute  for  the 
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Cambridge  Philosophical  Society,  pro- 
ceedings of  the,  130.  301,  37G. 

Carminic  acid,  researches  on,  4  78. 

Catalysis,  observations  on,  90^  li!2. 

Chapman  (£.  J.)  ou  the  constitution  of 
the  needle  ore  of  bismuth,  h£h 

Chloric  acid  and  the  chlorates,  observa- 
tions on,  510. 

Clays,  on  the  composition  of,  employed  in 
pottery, 

Coathnpe  (M.)  on  the  preparation  of  gtm- 

cotton,  152. 
Cochineal,  researches  oQ|  471i  4H1. 
Colooring  matters,  on  the  action  of  a 
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mixture  of  red  pmssiate  of  potash  and 
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Comet  of  12Gi  aud  laoo,  on  the  expected 
rcapi>carancc  of  the,  SIL 

Commutators,  remarks  on,  211. 

Connell  (A.)  on  the  precipitate  produced 
in  spring  and  river  waters  by  at  etate 
of  lead,  122 ;  on  the  sulphato-chloride 
of  copper,  537. 

Coutiuuity,  ou  the  principle  of, 

Copernicus,  on  the  opinion  of,  with  re- 
spect to  the  light  of  tlie  jHanets,  a2S^ 

Copper,  on  the  sulpliato-chlurldc  of,  .')3G. 

Cotton,  detection  of,  in  linen,  157. 

Coupcr  (R.  A.)  on  the  chemical  compo- 
sition of  the  substances  employed  in 
pottery, 

Creatine,  obsenrations  on,  2M. 

Cuminate  of  ammonia,  on  the  products 
of  the  decomposition  of,  459. 

Daubeny  (Prof.)  ou  active  and  extinct 
volcanoes,  322. 

De  la  Hive  (A.)  on  the  voltaic  arc,  321. 

De  la  Rue  (W.)  ou  a  modification  of  the 
apparatus  of  Varrcntrapp  and  Will  for 
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De  Morgan  (Prof.)  ou  the  structure  of 
the  syllogism,  and  on  the  application 
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on  the  opinion  of  Copernicus  with  re- 
spect to  the  light  of  ihc  planets,  o2S. 

Domeyko  (M.)  on  vauadiatc  of  lead  and 
copper,  319. 

Doveri  (M.)  on  some  properties  of  silica, 

Drach  (S.  M.)  on  eliminating  the  signs 

in  star-reductions,  251 . 
Duiuas  (M.)  on  the  action  of  anhydrous 
phosphoric  acid  on  ammoniacal  salts, 

5U. 

Durocher  (M.)  on  the  extraction  of  silver, 
317. 

Earth,  on  the  amount  of  radiation  of  heat 
from  the  surface  of  the,  at  night,  tili; 
on  the  deterroinatiun  of  the  mean  den- 
sity of  the,  23. 

Ebelmen  (M.)  on  the  artificial  production 
of  minerals,  and  especially  of  precious 
stones,  311;  analysis  of  kupfernickel, 
314 ;  analysis  of  gray  copper  from  Al- 
geria, 3LL 

Elastic  medium,  on  the  symbolical  equa- 
tion of  vibratorjf  motion  of  an,  37<i. 

Electric  telcgraiih,  on  the  determination 
of  differences  of  longitude  by  means  of 
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Electro-magnetic  influence  on  flame  and 

gases,  Kll ,  121^ 
Equations,  on  the  solution  of  linear  dif- 


ferential, 322;  monogcnons,  obsem- 

tions  on,  -1G7. 
Euler  s  tiieorem,  notice  in  reference  to 
the  extension  of,  123. 

Faraday  (Prof.)  on  the  dianiaguctic  con- 
ditions of  flan>e  and  gases,  4(ii. 

Field  (F.)  on  the  products  of  the  decom- 
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Figuier  (M.)  on  the  preparation  and  com- 
position of  lignine,  397. 

Flame,  on  the  djamagnctic  conditions  of, 
tUl.  -121. 

Flax,  on  the  chemical  composition  of  the 
ashes  of,  36i  lil5. 

Fluid  motion,  on  some  cases  of,  136. 

Fluxions,  on  the  invention  of,  ^ 

Forster's  (T.  J.  M.)  memoir  on  meteors 
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FraiiUaud  (E.)  on  the  chemical  constita- 
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other  bodies  related  to  it,  200. 
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Frit/>che  (J.)  on  the  preparati<m  and  pro- 
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miaroates,  b'M. 

Galloway  (R.)  on  the  water  of  the  ther- 
mal spring  of  Bath  (King's  bath), 

Galloway  (T.)  on  the  proper  motion  of 

the  solar  system,  li. 

Galvanic  couples,  account  of  some  experi- 
ments with.  3^ 

Gases,  on  the  re-absorption  of  mixed,  in 
a  voltameter,  12;  on  the  diamaguetic 
COluhtions  of,  101 ,  t21. 

Geometry,  on  a  new  notation  for  cxpreaa- 
ing  varion.H  conditions  and  equations 
in,  13i;  contributions  towards  a  system 
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near  the  surface  of  the  earth,  ;  on 
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Gregory  (Dr.  W.)  on  the  preparation  of 
hippuric  acid,  127. 

Griffith  (Dr.  J.  W.)  on  the  composition  of 
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Grove  (W.  R.)  on  certain  phenomena  of 
voltaic  ignition  and  the  decomposition 
of  water  into  its  constituent  ga.>cs  by 
heat,  20, liii ;  correlation  of  physical 
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Gruncr  (M.)  on  bisilicate  of  iron  or  fer- 
ruginous pyroxene,  78. 
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1 ;  on  the  preparation  and  composition 
of,  152,  iia. 
Hall  (Dr.  M.)  on  the  effects  of  certain 
physical  and  chemical  agents  on  the 
nervous  system,  72. 
Hamilton  (Sir  W.  R.)  on  quaternions ;  or 
on  a  new  system  of  iuiaginaries  in  al- 
gebra, 214^  278^  aLL 
Hansen  (M.)  on  inequalities  in  the  motion 

of  the  moon, 
Hare  (Dr.  R.)  on  the  fusion  of  iridium 
and  rhodium,  147  ;  oncfrtain  improve- 
meiiU  in  the  consstruction  and  supply 
of  the  hydro-oxygen  blowpipe, 

Harf^reave  (C.  J.)  on  the  solution  of  linear 
dttferetitial  equations*  Z12a 

Hearn  (G.  W.)  on  the  cause  of  the  discre- 
pancies observed  by  Mr.  IJaily  with 
the  Cavendish  apparatus  for  determi- 
ning the  mean  density  of  the  earth,  Z3. 

Heat,  on  the  amount  of  radiation  of,  from 
the  earth's  surface,  GD. ;  on  the  mecha- 
nical equivalent  of,  LZiL 

Hebe,  notice  respecting  the  planet,  1  TiH. 

Heintz  (M.)  on  creatine,  236. 

Higginbottom  (J.)  on  the  number  of  spe- 
cies and  the  mode  of  development  of 
the  British  Triton,  lA. 

Hind  (J.  R.)  on  the  expected  reappear- 
ance of  the  celebrated  comet  of  1264 
and  1556,  50 ;  obscnations  of  Hind's 
second  comet  in  full  sunshine,  145 ; 
on  the  planet  Hebe,  158;  on  the  new 
planet  Iris,  237. 

Hippuric  acid,  on  the  preparation  of,  121. 

How  (H.)  on  the  analysis  of  the  ashes  of 
the  orange-tree,  21L 

Hutchinson  (J.)  on  the  function  of  the 
intercoiital  niusrcles,  and  on  the  respi- 
ratory movements,  with  some  remarks 
on  muscular  jwwer,  in  man,  222. 

Induction,  memoir  ou,  2A1^ 

Ink,  invisible,  on  a  nl*w,  176. 

Integrals,  on  the  inverse  calculus  of  de> 
finite,  Li. 

Iridium,  on  the  fusion  of,  147,  3fi^ 

Iris,  notice  respecting  the  new  planet,  2i2. 

Jacobi  (I'rof.  M.  IL}  on  the  reab&orption 
of  the  mixed  gases  in  the  voltameter,  Z2< 

Jones  (C.  HJ  on  the  structure  and  de- 
velopment of  the  liver,  22  L 

Joule  (J.  P.)  on  the  theoretical  velocity 
of  sound,  114 ;  on  the  mechanical  equi- 
valent of  heat,  as  dctfrniinrd  by  the 
hcatcvolvcd  hy  the  friction  of  Huids,  II3» 

Kane  (Sir  R.)  on  the  composition  and  cha- 
racters of  certain  soils  and  waters  be- 
longing to  the  llax  di!>tricts  of  liclgium, 
36i  Ifi^ 

Kindt  (G.  C.)  on  the  detection  of  cotton 
in  linen,  L52. 


Komig  (F.),  inventor  of  the  printing-ma- 
chine, 2liL 

Kolbe  (Dr.  H^  on  the  chemical  constitu- 
tion of  metacctonicacid,  and  some  other 
bodies  related  to  it,  2ijii ;  on  the  decom- 
position of  valerianic  acid,hy  means  of 
the  voltaic  ciurent  ^48. 

Kopp  (M.  E.)  on  balsam  of  Tolu,  and  some 
products  derived  from  it,  153;  on  the 
action  of  hydrochloric  acid  in  the  for- 
mation of  oxalic  add,  233. 

Ledoyen's  disinfecting  fluid,  remarks  on, 
233. 

Lefroy  (Capt.  J.  H^  on  a  great  magnetic 
disturbance  on  the  24th  of  September 
1847,  ML 

Liebig  (Prof.)  on  a  new  test  for  pnissic 
acid,  and  on  a  simple  method  of  pre- 
paring the  sulphocyanide  of  ammonium, 
lifi. 

Lignine,  on  the  preparation  and  composi- 
tion of,  31^ 

Linen,  on  the  detection  of  cotton  in,  157. 

Liver,  ou  the  structure  and  development 
of  the,  224. 

Longitude,  on  the  determination  of  differ- 
ences of,  by  the  electric  telegraph, 
333. 

Loomis  (Prof.)  on  the  determination  of 

differences  of  longitude  by  means  of  the 

electric  telegraph,  3M. 
Lubbock  (Sir  J.)  on  the  perturbations  of 

planets  moving  in  eccentric  and  inclined 

orbits,  1, 8Gj  ou  the  heat  of  vapours,  2fi ; 

on  the  development  of  the  disturbing 

function  R,  Lli. 
Madder,  on  the  colouring  matters  of,  46. 
Magnetic  declination  at  St.  Helena,  on  the 

diurnal  variation  of  the,  10. 
Magnetic  disturbance,  on  a  great,  34fL 
Magnetism,  influence  of,  on  the  voltaic 

arc,  22iL 

Malaguti  (M.)  on  the  extraction  of  silver, 

■317. 

Mannite,  action  of  nitric  acid  on,  316. 

Margaric  add,  observations  on,  1£L 

Mechanics,  on  a  new  notation  for  ex- 
pressing various  conditions  and  equa- 
tions in,  134  ;  contributions  towards  a 
system  of  symbolical,  132. 

Mercer  (J.)  on  the  action  of  a  mixture  of 
red  prusaiatc  of  potash  and  caustic  al- 
kali upon  colouring  matters,  126. 

Merck  (G.)  on  the  water  of  the  thermal 
spring  of  Uath, 

Meridian  instruments,  on  the  properties 
of  rock  as  a  foundation  of  the  piers  of, 

:)3i. 

Metacetonic  acid,  on  the  constitution  of, 
Mctapectic  add,  389. 


r    •  -d  by  Google 


550  INDEX. 


Meteor  of  September  25^  1846,  notice  re* 
specting  the, 

Mfteon,  obsen'fitions  on, 
Meteorological  observations,  79, 159, 239, 

819,  399,  hAh ;  on  a  new  kite-apparatus 

for,  liLL 

Meteorology,  suggestions  for  promoting 
the  science  of,  22&. 

Methylene,  on  the  hydrocyanate  of,  544. 

Miller  (l*rof.  W.  IT}  on  the  measurement 
of  the  double  sulphates  of  zinc  and 
toda,  and  of  magnesia  and  soda,  &KL 

Mineral  waters,  analyses  of,  56^  124 ;  on 
the  presence  of  arseuic,  copper  and  tin 
In  some,  392. 

Minerals:— ferruginous  pyroxene,  Wo- 
lybdate  of  lead,  'IhA ;  gray  copper  from 
Algeria,  3M ;  kupfernickel,3i4  ;  vana- 
diate  of  lead  and  copper,  112 ;  sulphato. 
chloride  of  copi)er,  537 ;  native  car- 
bonate of  nickel,  MI ;  needle  ore  of 
bismuth,  ib. 

Minerals,  on  the  artificial  production  of, 
31 1  ;  on  the  existence  of  crystals  in  the 
cavities  of,  497. 

Molybdate  of  lead,  analysis  of,  253- 

Moon,  on  inequalities  in  the  motion  of 
the,  382. 

Muscles,  on  the  function  of  the  intercostal, 
222. 

Neptune,  on  the  elements  of,  380. 
Nervous  system,  on  the  effects  of  certain 
physical  and  chemical  reagents  on  the, 

Nicholson  (E.  C.)  on  the  composition  of 

caffeine  and  sonieof  itsrnnipnimds.LLL 

Nickel,  oil  the  native  carbonate  of ,  5 4 1 . 

Nitric  acid,  theoretical  views  on  the  na- 
ture of,  1 ;  on  the  hydrates  of,  -t'tl. 

Nitrococcusic  acid, on  the  preparation  and 
composition  of,  480. 

Nitrogen,  on  some  nio<lifications  of  the 
apparatus  for  determining,  156,  Mi 

Numbers,  on  certain  properties  of  prime, 
70;  account  of  a  discovery  in  the  theory 
of,  IH^l ;  on  an  equation  in,  293  \  on  the 
partitions  of,  301. 

O'Brien  (Rev.  M.)  on  a  new  notation  for 
expressing  various  rnnditinn<H  and  equa- 
tions in  geometry,  mechanics  and  astro- 
itomt,  IM  \  on  e  system  of  symbolical 
geometry  and  mechanics,  13n ;  on  the 
symbolical  equation  of  vibratory  motion 
of  an  elastic  medium,  whether  crytal- 
lized  or  uncrystallixed,  '376. 

Odmyle,  on  the  snljihuret  of,  liQ, 

Oils,  fixed,  on  certain  products  of  the  de- 
composition of,  in  contact  with  sulphur, 
IfiL 

Optical  instruments,  on  the  formation  and 
application  of  fine  metallic  wires  to,  631. 


Orange-tree,  analysis  of  the  ashes  of  the, 
21L 

Osmiamtc  acid  and  0!im5amate«,  on  the 
preparation  and  properties  of,  iiL 

Oxalic  acid,  formation  of,  233. 

ORone,  on  a  new  test  for,  1 76. 

Papyrine,  on  the  preparation  and  compo- 
sition of,  398. 

Pectic  acid,  399. 

Pcligot  (M.  E.)  on  the  preparation  and 
composition  of  the  salts  ef  antimony, 
230. 

Phosphoric  acid,  anhydrous,  aetion  of,  on 
ammoniacal  salts,  544. 

nerre  (M.  L)  on  chloroaulphuret  of  aili- 
cum,  ZH  ;  on  the  ecpiivalent  of  titanium, 
156;  on  the  solubility  of  chloride  of 
silver  in  hydrochloric  acid,  39R. 

Planets,  on  the  perturbations  of,  1 ,  ^C, ; 
on  the  opinion  of  Copernicus  with  re- 
spect to  the  light  of  the,  528. 

Platinum,  on  the  fusion  of  large  masses 
of,  356. 

Playfair  (L.)  on  transformations  produced 
by  catalytic  bodies,  IS^ 

PoUnek  (Sir  F.)  on  certain  properties  ci 
prime  numbers,  70. 

Pottery,  on  the  chemical  composition  o( 
the  snb«tanecs  employed  in,  t3:i. 

Poumarcde  (M.)  on  the  preparation  ind 
properties  of  lignine,  397. 

Printing-machine,  invention  and  first  in- 
troduction of,  by  Koeuig,  297. 

Prus«ic  acid,  on  a  new  test  for,  llfi. 

Pyroxene,  ferruginous,  analysis  of,  78. 

Pyroxyline,  contributions  to  the  chemical 
history  of,  7^  152^  613. 

Quaternions,  on,  214.  278.  iUL 

Reviews  : — Grove's  Correlation  of  Physi- 
cal Forces,  iil  { Forster  on  Meteom,  219. 

Rhodium,  on  the  fusion  of,  147,  Mu. 

Richardson  (T.)  on  the  ashes  of  rough 
brown  sugar  an(f  molasses,  330, 

Ronalds  (Mr.)  on  a  new  kite-apparatoa 
for  meteorological  observations  or  other 
purposes,  191. 

Roth  ^M.)  on  the  preparation  of  the  prot- 
oxide of  tin,  322. 

Rowney(T.H,)on  the  ashes  of  the  orange- 
tree,  271. 

Roval  Society,  proceedings  of  the,  09,222. 

372. 

Koval  Astronomical  Society,  proceeding* 

of  the,  143,  380i  528i 
8abine  (Lieut.-Col.  B.)  on  the  diurnal 

variation  of  the  magnetic  declination 

of  St.  Helena,  ZIL 
Salt,  rulinarv,  on  the  eolubility  of,  in 

alcohol,  3113. 
Salts,  ammoniacal,  action  of  anhydroua 

phosphoric  acid  on,  Mi* 
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Saturn,  on  au  important  ^ror  in  Bou- 
vard't  tables  of,  143. 

Schtcnhcin  (Prof.)  on  the  discovery  of 
gun-cuttou,  Z  i  ou  a  new  tc4t  fur  oioae, 

Scliunck  (Dr.)  on  the  colouring  matteri  of 
luaikkr,  40. 

Silica,  obst-rvutions  on,  315. 

Silicium,  on  the  chlorosulphuret  of,  18* 

Silver,  on  the  extraction  of,  31" ;  solu- 
bility of  the  chloriile  of,  in  muriatic 

acid,  aaa. 

Slattcr  (Rev.  J.)  on  the  meteor  of  Sep- 
tember 25^  18 10,  'MilL 
Smith  (Mr.  A.)  on  the  hydrates  of  nitric 

acid,  IM. 

Smyth  (I'ruf.  C.  P.)  on  the  properties  of 
rock  as  a  foundation  of  the  piers  of 

meridian  instruments,  and  on  tlic  de- 
tection of  a  cause  of  error  in  the  Edin- 
burgh transit,  331. 
Sobrero  (M.)  on  nitric  nmnnite,  316« 
Soils  and  waters  of  the  flax  districts  of 
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